CASE REPORT

Clinical Applications of Recombinant Human Bone Morphogenetic Protein-2
for Bone Augmentation Before Dental Implant Placement

Craig Misch* and Hom-Lay Wang?

Introduction: Bone morphogenetic proteins (BMPs) are members of the transforming growth factor-p superfamily. They
are involved in the differentiation of pluripotent mesenchymal cells, and new bone is formed through osteoblastic induction.
Therefore, BMPs are commonly implicated in bone remodeling and regeneration. Recombinant human BMP-2 with absorbable
collagen sponge (rthBMP-2/ACS) as its carrier recently received Food and Drug Administration approval for clinical use in sinus
augmentations and localized ridge preservation after extractions. This article discusses the clinical use of rhBMP-2/ACS for alve-
olar ridge repair after extraction and ridge augmentation procedures before dental implant placement.

Case Presentation: Two clinical cases that required socket and ridge augmentation, before dental implant placement,
were treated with rhBMP-2/ACS. In socket augmentation, rhBMP-2/ACS and 20% of mineralized cancellous and cortical bone
allograft were used. For ridge augmentation, guided bone regeneration using titanium mesh with fixation pins and a mixture of
rhBMP-2/ACS and mineralized bone allograft was performed. Clinical and radiographic evaluation of the treated areas after 6
months of healing showed excellent bone regeneration that facilitated subsequent implant placement. In addition, healing of
soft tissue at rhBMP-2-grafted sites appeared to be accelerated.

Conclusion: rhBMP-2 can be an agent that is used to promote socket repair as well as ridge augmentation when combined
with a small component of mineralized bone allograft. Clin Adv Periodontics 2011;1:118-131.
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Background product stimulates host cells to differentiate into bone
forming cells.2 As such, it was recently approved by the Food
and Drug Administration (FDA) for clinical use in sinus
augmentation and localized alveolar ridge augmentations
for defects associated with extraction sockets. In this
product, the growth factor is added to an ACS carrier. This
article discusses the clinical use of thBMP-2 for alveolar
ridge repair after extraction and ridge augmentation pro-
cedures before dental implant placement.

In the past decade, the application of recombinant
technologies has produced biomimetic devices that stimulate
tissue replacement.! One example is recombinant human
bone morphogenetic protein-2 (rhBMP-2) on an absorbable
collagen sponge (ACS) carrier.t This commercially available
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Extraction Site Defects

Alveolar bone loss after tooth extraction is well docu-
mented,>* with significant horizontal bone resorption oc-
curring shortly after tooth removal that approached 50%
of the baseline ridge width at 12 months.’ This bone re-
modeling is unavoidable because of the loss of the bundle
bone,¢ and hence, it adversely impacts the ability to prop-
erly place dental implants. This is particularly noteworthy
in the esthetic zone because studiesé? found that the vast
majority of patients present with a thin buccal plate, which
undergoes substantial vertical and horizontal crestal bone
loss after tooth extraction,® thus resulting in a residual
ridge that is deficient in width to house a dental implant
and also have a minimum of 1.8 to 2 mm of buccal bone
thickness needed for long-term stability of the hard- and
soft-tissue profiles around the dental implant.” In addi-
tion, it was observed that more severe bone loss occurred
in clinical situations in which teeth were extracted as a re-
sult of advanced periodontal disease because the inflam-
matory disease resulted in circumferential vertical and
horizontal bone loss. Grunder et al.1 discussed ideal im-
plant positioning in the esthetic zone and pointed out that
the presence of bone determines soft-tissue contour, and
that clinicians need to focus on bone volume to achieve
ideal esthetic results. There is a generalized agreement that
socket preservation techniques are beneficial in minimizing
bone volume loss after extraction; unfortunately, there is
a lack of consensus on the ideal graft materials and tech-
niques to use.!!-12

Conventional approaches to socket bone grafting for fu-
ture implant placement involve the use of various graft
materials with or without barrier membranes. When the
socket walls are intact, osteoconductive graft materials
can be used and barrier membranes may not be necessary.
However, when socket walls are missing, regenerative tech-
niques that have greater biologic capacity for bone forma-
tion are often used. These may include osteoinductive graft
materials with or without the use of barrier membranes.
Choices of osteoinductive graft materials include autoge-
nous bone, demineralized freeze-dried bone allograft
(DFDBA), and rhBMP-2/ACS. Autogenous bone grafts usu-
ally require a secondary donor site and are associated with
increased morbidity. DFDBA contains miniscule quantities
of BMP and is therefore only weakly osteoinductive.!3:14

TABLE 1 Benefits of Using rhBMP-2 for Socket Augmentation

Promotes soft-tissue healing

Requires no primary wound closure

Minimizes surgery time

Reduces potential postsurgical infection

Accelerates cell migration

Promotes early bone formation

CASE REPORT

On the contrary, rhBMP-2 is highly osteoinductive and
has been evaluated in the socket defect application.!s Table
1 lists the benefits of using rhBMP-2 for socket augmenta-
tion. Table 2 shows research published on using rhBMP-2
for socket repair.

Case Report: Socket Repair

The patient is a 37-year-old female with a history of oral
trauma, endodontic treatments, and chronic infections as-
sociated with three maxillary anterior teeth (#7 through
#9) (Fig. 1a). The three teeth were planned for extraction
and socket augmentation. Periapical radiographs and
a cone beam computed tomography (CBCT) scan of the
maxilla were obtained preoperatively (Figs. 1b and 1c).
The CBCT scan showed significant loss of the facial cortex
around all three anterior teeth. Before surgery, written in-
formed consent was obtained, and the patient received
a loading dose of 1 g amoxicillin, 8 mg dexamethasone,
and 10 mL of 0.12% chlorhexidine rinse. After local an-
esthesia, the incisors #7 through #9 were extracted, and
the sockets were thoroughly curetted of all soft tissue rem-
nants (Fig. 1d). The facial cortex was found to be com-
pletely absent to the apical regions of the sockets. A
bone graft kit,® which had a 1 x 2-inch ACS and 1.4 cc
rhBMP-2 (1.5 mg/mL),I was used for the defect repair.
The ACS was evenly saturated with thBMP-2, and 15
minutes were allowed for the binding of rhBMP-2 to
ACS before it was cut into smaller pieces and mixed with
a small quantity (20% by volume) of mineralized cortical/
cancellous bone allograft.¥ The graft mixture was placed
into the extraction sockets planned for implant placement
(#7 and #9) and gently compressed to fill the socket level
with the palatal bone margins (Figs. 1e and 1f). The center
socket (#8) planned for the implant bridge pontic was
filled with a relatively non-resorbable bovine hydroxyap-
atite* so that the bone width could be indefinitely main-
tained. A piece of the rhBMP-2/ACS alone (no bone
allograft) was then placed over the sockets to the level
of the surrounding gingiva. The collagen sponges were se-
cured using 4-0 chromic gut interrupted sutures in a cross
pattern over the sockets. A fixed resin bridge (#6 through
#10) was fabricated as a provisional restoration during
healing, and acrylic was added to create ovate pontics
(Fig. 1g). Periapical radiographs were obtained of the
grafted site. The patient was placed on a postsurgical reg-
imen that consisted of a tapering dose of dexamethasone
for 2 days (4.5 to 1.5 mg), antibiotic therapy (amoxicillin
at 500 mg three times per day for 7 days), 0.12% chlor-
hexidine rinse twice per day for 2 weeks, and a narcotic
analgesic when necessary. At the 2-week postsurgery eval-
uation, the patient experienced moderate swelling of the
upper lip and face but healed without complications. The
grafted site was allowed to heal for 5 months. A CBCT
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TABLE 2 rhBMP-2 and Extraction Socket Augmentation

Agent and

Study

Assessment

Reference

Matin et al.,
20013

Animal
model,
split-mouth
design

60 rats

Location

Mesial root of
maxillary first
molars

Dosing

40 pg/100 pL
rhBMP-2 with
PLGA/GS

Groups

2 groups:

m rhBMP-2/
PLGA/GS
(test)

m PLGA/GS
only
(control)

Periods

Animals
sacrificed at 3,
5,7,14, 21, 28,
56, and 84 days

Findings

m Test group
showed
slight
swelling
from
days 14
to 28

m New bone
formation
at day 28
for test
sites and
day 56 for
control
sites

Conclusion

rhBMP-2/ACS
promoted faster
and greater new
bone formation

Howell et al.,
19971°

Clinical trial

6 of 12
patients

Maxillary teeth
excluding molars

0.43 mg/mL
rhBMP-2/ACS

1 group:
m rhBMP-2/
ACS

4 months

m Mean
height
response
was
0.32 mm
(range,
—0.94 to
1.57 mm)

m Mean
density
response
was
248.25
mg/mL
(range,
86.06
to 410.44
mg/mL)

0.43 mg/mL
rhBMP-2/ACS
might not be
sufficient for bone
induction, but it
was safe and
technically
feasible to use

Cochran
et al.,
2000%°

Clinical trial

6 of 12
patients

Maxillary teeth
excluding molars
with >50%
buccal bone
loss

0.43 mg/mL
rhBMP-2/ACS

1 group:
m rhBMP-2/
ACS

m Implant
placement 16
to 30 weeks
after extraction

m Follow-up: 36
months

m Pain and
erythema
in
58% of
patients
between
4 and 24
months
after
procedure

m Facio-
lingual
socket fill
was
49+ 24
mm

m Mesio-
distal
socket fill
was
3.7+241
mm

m Fill of
socket
depth was
104 +
6.6 mm

0.43 mg/mL
rhBMP-2/ACS
was effective in
maintaining ridge
width by 4.9 +
2.4 mm
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TABLE 2 (Continued) rhBMP-2 and Extraction Socket Augmentation

Study Sample Agent and Study Assessment
Reference Design Size Location Dosing Groups Periods Findings Conclusion
Fiorellini Multicenter 80 Maxillary teeth 0.75 and 4 groups: 4 months m Significant| 1.50 mg/mL
et al., RCT patients, | excluding molars | 1.5 mg/mL m0.75 increase rhBMP-2/ACS was
2005 95 with >50% rhBMP-2/ACS mg/mL inbone | more effective in
defects | buccal bone rhBMP-2/ width in preserving ridge
loss ACS 1.50 width after tooth
m 1.50 mg/mL extraction
mg/mL rhBMP-2/
rhBMP-2/ ACS
ACS group
m ACS only compared
(positive to the
control) other 3
m No groups
treatment m Greater
(negative number
control) of oral
edema
and
erythema
in the
rhBMP-2/
ACS
groups
Misch, Case series 10 Failed 1.5mg/mL 1 group: Reentry at 5to 6 | m 40% had Use of rhBMP-2/
2010%! patients | endodontically rhBMP-2/ACS m rthBMP-2/ | months moderate | ACS was effective
treated maxillary | and ACS and swelling in preserving ridge
central incisors mineralized allograft of upper width after tooth
with >50% cortical/ lip and extraction
buccal bone loss | cancellous bone face
allograft m Changes in
ridge
width
ranged
from
+0.63 to
-2.18
mm
m Average
volume
change
was
-1.07
mm
m Mean bone
quality
was D3

Key words used in the PubMed literature search were: rhBMP-2, socket, and extraction socket augmentation. PLGA/GS = polylactic acid and polyglycolic acid
copolymer-coated gelatin sponge; RCT = randomized clinical trial.

scan was obtained before implant surgery to evaluate the sequence of the manufacturer, and the bone density was
graft healing and select the appropriate size implants (Fig. found to be type 3.16¢ Two dental implants** were placed
1h). The CBCT scan found favorable regeneration of the in a two-stage surgical approach (Figs. 1j through 11), and
alveolar bone and adequate bone volume for implant a4-month healing period was allowed before the implants
placement. Clinically, the surgical site presented with ad- were uncovered and restored.

equate hard- and soft-tissue dimensions (Fig. 1i). Under ) ]
local anesthesia, an incision was made along the ridge Ridge Augmentation

crest, and a full thickness mucoperiosteal flap was ele- Several procedures, such as onlay bone grafting, ridge split-
Vated to expose the residual I‘idge. FaVOI‘able bone flll ting’ gu1ded bone regeneration (GBR), and distraction
and regeneration of the facial bone was observed. The im-

plant osteotomies were prepared according to the drilling * Osseospeed TX, Astra Tech, Méindal, Sweden.
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CASE REPORT

FIGURE 1 Case 1. 1a Preoperative view of failing maxillary anterior teeth (#7 through #9). The patient had chronic fistulas over the apical mucosa. 1b A
periapical radiograph of the failed maxillary incisors. 1c A cross-sectional view of a maxillary CT scan revealed no facial bone over the roots. 1d The maxillary
extraction sockets with a lack of a facial cortex. 1e The rhBMP-2/ACS mixed with bone substitute was placed into the sockets. 1f The graft mixture was
packed level with the palatal bone margins. 1g A provisional bridge was used as temporary tooth replacement during healing. 1h A cross-sectional view of a CT
scan after 5 months of graft healing. 1i A preoperative view before implant surgery. 1j Placement of two implants (Osseospeed TX, Astra Tech) in the reconstructed
maxilla. 1k An occlusal view of the left lateral incisor implant. Note the regeneration of the facial cortex. 11 An occlusal view of the right central incisor implant. Note

the regeneration of the facial cortex.
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FIGURE 2 Case 2. 2a A preoperative radiograph of the left posterior mandible revealed a vertical bone defect. 2b A mucoperiosteal flap was reflected to expose
the defect. 2c The cortex over the defect site was perforated to allow access to the intramedullary stem cells. 2d The titanium mesh was contoured over the defect
and filled with the mixture of rhBMP-2/ACS and mineralized bone allograft. 2e The titanium mesh was fixated with monocortical screws. 2f Tension-free primary
closure of the flaps over the graft site. 2g A cross-sectional view of the CT scan of the mandible revealed the regenerated bone under the titanium mesh. 2h A
cross-sectional view of the CT scan after implant placement. 2i Exposure of the implants for placement of healing abutments after 2 months of healing.

osteogenesis, are available to augment an atrophic residual
ridge for implant placement. When significant defects are
encountered, autogenous bone graft is often used alone or
in combination with other bone substitutes to regenerate
larger volumes of bone. The biologic properties of au-
togenous bone, including properties of osteogenesis, os-
teoinduction, and osteoconduction, are advantageous in
the reconstruction of a severely atrophic ridge. Currently,
investigations to determine the feasibility of replacing au-
togenous bone graft in ridge augmentation with rhBMP-2/
ACS are being conducted. Therefore, the use of rhBMP-2/
ACS for residual ridge augmentation in this case report is
considered an off-label application by the FDA.

Case Report: Ridge Augmentation

The patient is a 42-year-old male with mandibular left par-
tial edentulism and a severe vertical defect. A CBCT scan of
the mandible was obtained preoperatively (Fig. 2a). There
was =4.0 mm of bone superior to the mandibular canal.
The original plan was to harvest autogenous bone for
the reconstruction of the defect. As an alternative, the
use of thBMP-2 was proposed, and written informed con-
sent for use of the product in an off-label manner was ob-
tained. The patient received a loading dose of 1 g amoxicillin,
8 mg dexamethasone, and 10 mL of 0.12% chlorhexidine

rinse. Local anesthesia was obtained using a mandibular
nerve block with 0.25% bupivacaine, 1:200,000 epineph-
rine, and buccal infiltration with 2% lidocaine, 1:100,000
epinephrine. The rhBMP-2/ACS was prepared just before
surgery to allow adequate time for protein binding. A
bone graft kittt was used. A 1 x 2-inch collagen sponge
was evenly saturated with the reconstituted rhBMP-2
(1.5 mg/mL) for 15 minutes. It was subsequently cut into
smaller pieces and mixed with a small quantity (20% by
volume) of mineralized bone allograft.t*

An incision was made along the ridge crest through kerati-
nized gingiva in the posterior mandible. A lateral releasing
incision was made at the base of the retromolar pad. A short
anterior releasing incision was made mesial to the most pos-
terior tooth bordering the defect. A mucoperiosteal flap was
reflected to completely expose the atrophic ridge (Fig. 2b).
The lingual reflection extended to the mylohyoid ridge.
The future implant sites were planned, and the size of the
mesh needed for graft coverage was assessed. The 0.2-
mm-thick titanium mesh was trimmed to extend well poste-
rior to the distal implant site. The lateral borders of the mesh
extended slightly beyond the desired area of augmentation to

Tt XS INFUSE Bone Graft kit, Medtronic.
* MinerOss, BioHorizons.
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TABLE 3 rhBMP-2 and Vertical Ridge Augmentation

Study Agent and Assessment
Reference | Design Location Dosing Periods Findings Conclusion
Wikesjo Animal | 6 dogs Bilateral posterior | 0.40 and 0.75 | 3 groups: Animals Mean vertical rhBMP-2/BSM
et al, model, mandible mg/mL rhBMP-| m 0.4 mg/mL | sacrificed at bone augmentation could be a viable
2002% split- 2/aBSM rhBMP-2/ | 16 weeks at sites with: alternative to
mouth aBSM m 0.4 mg/mL promote vertical
design m 0.75 rhBMP-2: 4.9 + ridge
mg/mL 1.0 mm augmentation and
rhBMP-2/ m 0.75 mg/mL implant
aBSM rhBMP-2: 5.3 + osseointegration
m oBSM only 0.3 mm
(control) m no rhBMP-2:
0.4+ 0.4 mm
Wikesjo Animal | 4 dogs 5 mm critical 0.2 and 1.43 2 groups: Animals m thBMP-2/ACS ePTFE defined the
et al., model, sized, supra- mg/mL rhBMP-| m 0.2 mg/mL | sacrificed at with ePTFE geometry of bone
2003%7 split- alveolar, peri- 2/ACS rhBMP-2/ 8 weeks membrane had formation in
mouth implant vertical ACS new bone rhBMP-2/ACS
design defects created m1.43 formation induced vertical
in bilateral mg/mL conforming to alveolar ridge
mandibular rhBMP-2/ the ePTFE augmentation
premolar region ACS device
and ePTFE m Sites without
membrane the ePTFE
membrane had
irregular bone
formation that
lacked
conformity to
the implants
m Mean vertical
bone gain at
sites with
rhBMP-2/ACS
and ePTFE:
4.7 £ 0.2 mm;
rhBMP-2/ACS
only: 3.5 +
0.9 mm
m Significantly
higher BIC at
surface etched
implants
compared to
turned implants
in the groups
with ePTFE
Wikesjo Animal | 4 dogs 5 mm critical 4 mg/mL 2 groups: Animals m Test sites exhibited | GBR with ePTFE
et al., model, sized, supra- rhBMP-2/ACS m rhBMP-2/ sacrificed at erythema and membrane was
200438 split- alveolar, peri- ACS 8 weeks moderate significantly
mouth implant vertical and ePTFE swelling which enhanced with the
design defects created membrane subsided in use of rhBMP-2/
in bilateral (test) 4 weeks ACS
mandibular m ACS only m Mean vertical
premolar region and bone gain in
ePTFE test sites at
membrane turned implants:
(control) 47 + 0.3 mm
(96% of defect
height);
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TABLE 3 (Continued) rhBMP-2 and Vertical Ridge Augmentation

Location

Agent and

Study

Assessment
Periods

Conclusion

CASE REPORT

Reference | Design

Dosing

Groups

Findings

surface etched
implants: 4.8 +
0.1 mm (98%
of defect height)

m Mean vertical

bone gain in
control sites at
turned implants:
1.8 £ 2.0 mm
(37% of defect
height);

surface etched
implants: 1.3 £
1.3 mm (26%
of defect height)

compared to
test groups

(79% versus
30% to 39%)

Shimazu Animal | 90 rats Bilateral posterior [ 1 pg/mm?® 3 groups: Animals m New bone Height and volume
et al,, model, mandible rhBMP-2/PLGA/| = rhBMP-2/ sacrificed at 1, formation of new bone
2006 split- GS PLGA/GS 2,4, 8, and 12 started in the formation peaked
mouth (test) weeks first week, at 4 weeks and
design m PLGA/GS by 8 weeks was maintained
only PLGA/GS was until 12 weeks
(positive resorbed, and
control) by 12 weeks
= No regenerated
treatment and native bone
(negative integrated
control) m Control groups
had limited or
no new bone
formation
Wikesjo Animal | 12 dogs | 5 mm critical 0.75, 1.5, and | 4 groups, Animals m Significant rhBMP-2-coated
et al, model, sized, supra- 3.0 mg/mL implants* sacrificed at swelling implants appeared
200840 split- alveolar, peri- rhBMP-2 coated with: 8 weeks associated with to induce vertical
mouth implant vertical m 0.75 the test groups bone
design defects created mg/mL m Significant augmentation in
in bilateral rhBMP-2 vertical bone peri-implant
mandibular (test 1) gain in defects
premolar region m 1.5 mg/mL test group 1:
rhBMP-2 4.4+ 0.4 mm;
(test 2) test group 2:
m 3.0 mg/mL 42+ 0.7 mm;
rhBMP-2 test group 3:
(test 3) 42+ 1.2 mm
m Uncoated Versus
(control) control group:
0.8 £ 0.3 mm
m Control group
had
significantly
higher BIC

Misch, Wang
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Study

Sample

TABLE 3 (Continued) rhBMP-2 and Vertical Ridge Augmentation

Agent and

Study

Assessment

Reference = Design Size Location Dosing Groups Periods Findings Conclusion
Freilich Animal | 20 mice | Calvarium 20 pg ng/ 4 groups: Animals New bone ng/rhBMP-2 was
et al, model rhBMP-2 m Ti only sacrificed at formation seen effective in
2008 (negative | 21 days after | in test sites promoting new

control) procedure only vertical bone
m Ti and formation
rhBMP-2
(test)
m HA-coated
Ti
(positive
control)
m HA-coated
Ti and
rhBMP-2
(test)
Kawakatsu [ Animal | 6 dogs 6 mm high X 30 [ 0.4 mg/mL 2 groups: Animals m Post-surgical rhBMP-2/PLGA/GS
et al., model, mm long X 8 mm[ rhBMP-2/PLGA/| m rhBMP-2/ sacrificed at swelling in test might promote
2008 split- wide defects were| GS PLGA/GS 16 weeks after sites for the significant bone
mouth surgically created (test) surgery first 2 weeks formation and
design in bilateral m PLGA/GS after surgery provide space for
posterior mandible only m Significantly new bone
regions (control) greater new formation
bone formation
in
test sites:
4.3+ 0.9 mm;
control sites:
0.22 + 0.28 mm
m Significantly
greater total
bone mineral
content in
test sites:
133 £
33 mg/mm;
control sites:
80 = 19 mg/mm
Kimetal, | Animal| 15 Calvarium 0.05 mg/mL 3 groups: Animals m Mean vertical Vertical bone
2010% model, | rabbits rhBMP-2 m Collagen sacrificed at bone height augmentation was

split- block " 12 weeks gained with not enhanced by
mouth and collagen the application of
design mineralized block** with rhBMP-2

bone rhBMP-2:

allograft 1.89 + 0.55 mm;

block* mineralized bone

infused allograft

with block ™t

rhBMP-2 with rhBMP-2:

(test) 411 £ 0.41 mm

m Collagen (P <0.05)

block® m Mean area of

and new bone fill with

mineralized collagen

bone block**

allograft with rhBMP-2:

block! 16.61 + 6.13%;

with PTFE mineralized bone

membrane allograft

(test) block®s

126

Clinical Advances in Periodontics, Vol. 1, No. 2, August 2011

rhBMP-2 for Bone Augmentation




CASE REPORT

TABLE 3 (Continued) rhBMP-2 and Vertical Ridge Augmentation

Study = Sample Agent and Study Assessment
Reference = Design Size Location Dosing Groups Periods Findings Conclusion

m Collagen with rhBMP-2:
block 30.85 + 7.45%
and (P <0.05)
mineralized m NSSD between
bone blocks with
allograft rhBMP-2 and
block* blocks with
only membranes
(control)

Key words used in the PubMed literature search were: rhBMP-2, vertical bone augmentation, and vertical ridge augmentation. PTFE = polytetrafluoroethylene; ePTFE =
expanded polytetrafluoroethylene; BIC = bone-to-implant contact; HA = hydroxyapatite; ng/rhBMP-2 = non-glycosylated recombinant human bone morphogenetic
protein-2; Ti = titanium; «BSM = calcium phosphate cement carrier; PLGA/GS = polylactic acid and polyglycolic acid copolymer-coated gelatin sponge; NSSD = no

statistically significant difference.

* Nobel Biocare, Zurich, Switzerland.
t Bio-Oss, Osteohealth.

* Puros, Zimmer Dental, Carlsbad, CA.
5 Bio-Oss, Osteohealth.

I Puros, Zimmer Dental.

¥ Bio-Oss, Osteohealth.

* Puros, Zimmer Dental.

** Bio-Oss, Osteohealth.

ft Puros, Zimmer Dental.

* Bio-Oss, Osteohealth.

% Puros, Zimmer Dental.

contact the residual ridge. The mesh was molded into a U-
shape and fitted onto the atrophic mandible with a periosteal
elevator. The cortex of the mandibular crest was generously
perforated to produce bleeding in multiple sites with a #6
round carbide bur. The pilot holes for the fixation screws
were also prepared at this time (Fig. 2¢). The concave portion
of the mesh was packed with the rhBMP-2/ACS and allo-
graft mixture (Fig. 2d), reinserted over the mandible, and
compressed into place. Two monocortical fixation screws
(1.5 x 4.0 mm) were placed along the buccal cortex
(Fig. 2e). A #12 scalpel blade was used to incise the peri-
osteum along the base of the flap to obtain flap release.
Placing a gloved finger along the mylohyoid ridge and
stretching the thin periosteum and soft tissue was per-
formed to achieve lingual flap release. The flap margins
were then advanced over the mesh and closed primarily
with 4-0 polyglactin interrupted and horizontal mat-
tress sutures (Fig. 2f). The patient continued 1 week of
antibiotic therapy, a twice daily 0.12% chlorhexidine
rinse, and was prescribed a narcotic analgesic. A tapering
dose of dexamethasone (4 to 1.5 mg) was prescribed for
2 days.

The patient experienced moderate swelling of the lower
face but otherwise healed uneventfully. The grafted site
was allowed to heal for 6 months. A CBCT scan was ob-
tained before implant surgery to evaluate the graft healing
and select appropriately sized implants (Fig. 2g). The com-
puted tomography (CT) scans revealed favorable bone fill
under the mesh, but the density appeared less than the na-
tive mandible. Under local anesthesia, an incision was
made along the ridge crest. A mucoperiosteal flap was ele-
vated to expose the mesh and fixations screws. The screws
were removed, and the edge of the mesh was freed and held

with a hemostat to facilitate the dissection from the soft tis-
sue. The fibrous tissue that typically encapsulated the mesh
was reflected from the bone. The implant osteotomies
were prepared according to the drilling sequence of the
manufacturer. The bone density was type 3.1¢ Two 4.0 x
8.0 mm dental implants!l were inserted for submerged
healing (Fig. 2h). After a 2-month healing period, the sub-
merged implants were uncovered for prosthetic restoration
(Fig. 2i). Periapical radiographs were taken to evaluate the
implant healing. The implants were restored with indepen-
dent cement retained crowns.

Discussion

Although BMPs are involved in bone development, they
are pleiotropic growth factors that play a role in the growth
and differentiation of various organs. BMPs have been
found to be chemotactic for endothelial cells and can also
stimulate angiogenesis through the production of vascular
endothelial growth factor A by osteoblasts.!7-18

Previous reports on the use of rhBMP-2 for alveolar bone
repair primarily focused on product safety and technical
feasibility. Howell et al.!® evaluated rhBMP-2/ACS for lo-
cal ridge preservation and augmentation. Clinical results
with 0.43 mg/mL rhBMP-2/ACS showed bone fill in the
treated extraction sites. Cochran et al.2% studied the use
of 0.43 mg/mL rhBMP-2/ACS in extraction sockets and
sites requiring ridge augmentation for future dental im-
plant placement. Implants were successfully placed and re-
stored in 10 patients and were followed for 3 years. No

% VICRYL, Ethicon, Johnson & Johnson, Somerville, NJ.
" Osseospeed TX, Astra Tech.
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adverse events were reported, and the implants had stable
marginal bone levels and healthy peri-implant tissues.

Fiorellini et al.!s performed a randomized multicenter
study evaluating two concentrations of rhBMP-2 (0.75
and 1.5 mg/mL) in the repair of extraction socket buccal
wall defects for dental implant placement. The sockets
were filled with rhBMP-2/ACS, and primary closure over
the grafted sites was obtained. At 4 months, patients
treated with the higher concentration of thBMP-2 had sig-
nificantly greater bone augmentation and adequate bone
volume for implant placement.

In a recent case series, the use of rhBMP-2/ACS was
evaluated for the repair of significant bone defects after
removal of maxillary central incisors.2! The extraction
sockets all had >50% buccal bone loss. The sockets were
grafted with rhBMP-2/ACS and a small amount of bone
substitute. The surgical technique was modified, because
primary closure was not obtained over the grafted sockets.
Dental implants were inserted after 4 to 6 months of heal-
ing, and CBCT scans were used to evaluate the alveolar
repair. Dental implants were placed in all grafted sites
without the need for additional bone augmentation. A
comparison of preoperative and postgraft CBCT scans
found a slight loss in alveolar width at the crest of 1.07
mm (range, +0.63 to —2.18 mm). Although primary clo-
sure was not achieved over the graft, the healing or induc-
tion of bone growth was not compromised. The bone
quality of the regenerated tissue was primarily type 3,16
with all 10 implants well osseointegrated and restored with
single crowns.

In this case series,?! no flap was elevated and no attempt
was made to close the soft tissue over the grafted socket.
The ACS used as a carrier for the thBMP-2 allowed connec-
tive tissue in-growth and epithelialization over the grafted
site. The healing of soft tissue over rhBMP-2-grafted sites
appeared to be accelerated as shown in the repair of open
tibial fractures with thBMP-2.22 This might be attributable
to an increase in vascular supply because BMPs can stim-
ulate angiogenesis through the production of vascular en-
dothelial growth factor A by osteoblasts.!7-18

In a study by Fiorellini et al.,'* radiographic measure-
ments were taken of cross-sectional CT scan images after
extraction and socket grafting. These measurements were
repeated 4 months after the socket grafts had healed. An
average bone width gain of 3.53 mm at the crest was
found in the patients treated with 1.5 mg/mL rhBMP-2.
Misch2! found a slight loss in overall alveolar crestal bone
width in 9 of 10 cases with an average loss of 1.07 mm.
The disparity in treatment outcomes could be attributed
to differences in measurement site selection because
Misch took the preoperative width measurements from
the palatal bone at the ridge crest to the facial aspect of
the root because the facial cortex was absent in most
cases.

In the study by Fiorellini et al.,'S three of 18 (14%) of the
1.5 mg/mL rhBMP-2/ACS grafted sockets required a sec-
ondary bone augmentation at implant placement. Compar-
atively, in the case series presented by Misch in 2010,2!

a small amount of mineralized bone allograft (20%) was
mixed with the rhBMP-2/ACS and no additional bone re-
pair was needed at implant placement, thus suggesting
that ACS used as a carrier for the BMP molecule has rather
poor scaffolding qualities to resist flap compression under
pressure and the inclusion of a bulking agent or matrix
would provide additional three-dimensional support to
the graft.23

The traditional methods to repair large extraction socket
defects include bone substitutes with barrier membranes
or block bone grafting. The use of a barrier membrane of-
ten necessitates flap elevation and advancement to obtain
primary closure. Exposure of expanded polytetrafluoro-
ethylene membranes can result in infection and a reduction
in bone regeneration.2* Exposed collagen membranes, con-
versely, lose their structural integrity and resorb rapidly.2’
Block grafting is usually performed as a delayed procedure
after soft-tissue healing over the socket to prevent graft ex-
posure and also to minimize the alteration of the gingival
anatomy. Performing an immediate bone repair and not
having to obtain primary soft-tissue closure over the
rhBMP-2/ACS grafted socket offers significant benefits.
There is a reduction in the amount of soft-tissue manipula-
tion because no flap is elevated or advanced. This shortens
the surgical time and can reduce postoperative pain. It also
maintains the normal gingival architecture and facial posi-
tion of the keratinized tissue.

Fiorellini et al.!* measured the bone density of healed
sockets using CT scans, and a comparison of the new bone
formed at 4 months revealed no significant difference in
density among the groups (no treatment, ACS alone, and
rhBMP-2/ACS). Histologic samples showed remodeling
of immature woven bone into lamellar bone. No comments
were made regarding the bone quality noted during im-
plant site preparation and placement. In a sinus bone graft
study by Boyne et al.,26 the rhBMP-2-grafted sites had sig-
nificantly less radiographic bone density than autograft
filled sites at 4 months after surgery. This difference was
likely attributable to variation in the mechanism of
bone formation because the de novo bone induction by
rhBMP-2 required more time for mineralization. Implants
were subsequently inserted after a mean healing period of
6.9 + 1 months, and the investigators rated the clinical bone
quality similar between the autograft and 1.5 mg/mL
rhBMP-2 group. This finding was consistent with the bone
quality noted in the cases treated. At 4 months of healing,
the presence of woven bone provided minimal resistance to
drilling. The use of osteotomes and undersizing of the os-
teotomy could help attain implant stability in softer bone
sites. Allowing the rhBMP-2-grafted sockets to heal an ad-
ditional 1 or 2 months appeared to result in an improve-
ment in bone quality. A longer healing period of >6
months appeared to be beneficial when using rhBMP-2
for onlay augmentation. It was unclear whether the addi-
tion of a mineralized bone substitute would influence the
quality of regenerated bone. It appeared that the resorption
of bone substitutes was accelerated by the cellular cascade
induced by rhBMP-2.27
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Although the ACS has been found to be an optimal
carrier for the rhBMP-2 molecule, it has poor scaff-
olding properties to resist flap compression when used
for onlay ridge augmentation. Titanium mesh has been
proposed as a method to provide support and protection
of the rhBMP-2/ACS during healing. Titanium mesh can
be used with onlay bone augmentation to protect the col-
lagen carrier and maintain the space for bone in-growth.
Herford and Boyne28 successfully used titanium mesh to
maintain the periosteal envelope around large mandibular
continuity defects treated with rhBMP-2/ACS. The mesh
thickness of 0.2 mm would adequately resist flexing and
micromovement during healing and yet be thin enough
to mold. The use of titanium mesh for bone augmentation
should not be confused with GBR techniques. GBR uses
a cellular occlusive barrier membrane to impede soft-tis-
sue penetration and allow the slower growing bone cells
to repopulate the osseous defect.?’ Titanium mesh acts
as a protective matrix to maintain space and facilitate bone
in-growth but is not cell occlusive. Combining rhBMP-2/
ACS with a barrier membrane does not seem to provide
any additional value and may actually be biologically coun-
terproductive because it occludes cells that may contribute
to the bone-forming process and impedes vascularity from
the soft-tissue flap.30-32

The existing human trials on rhBMP-2/ACS for bone
augmentation have not relied on GBR for bone forma-
tion.!526 The inclusion of a bulking agent or matrix has
also been suggested to provide additional three-dimen-
sional support for the collagen sponge.33 However, the ad-
dition of a bone substitute must be weighed against the
reduction of the amount of BMP that will be present in
the grafted site. A small amount of particulate bone substi-
tute (20% ) may provide additional scaffold without signif-
icantly diluting the effects of rhBMP-2.27

Being a locally acting growth factor, thBMP-2 induces
bone formation at the site of application. It is chemotactic
for mesenchymal stem cells, osteoprogenitor cells, and os-
teoblasts. Preparation of the osseous recipient site is there-
fore important, because these cells are found in bone
marrow and to a lesser degree in soft tissue. The cortex
of the recipient site should be generously perforated in mul-
tiple sites with a bur to allow access to the marrow. Primary
tension-free closure of the soft tissue flaps over the grafted
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site is necessary to prevent wound dehiscence and early
exposure of the mesh. Generally, a “PASS” (for primary
wound closure, angiogenesis, space creation, and mainte-
nance and wound stability) principle should be followed.3*
Table 3 is a summary of research on the use of rhBMP-2 for
vertical bone augmentation.

Ridge augmentation using rhBMP-2/ACS with titanium
mesh offers another approach in the management of the
atrophic residual ridge. From a patient’s perspective, there
are significant benefits because no autogenous bone graft is
harvested and thus there is no morbidity associated. The
technical procedure is relatively straightforward and as
such requires minimal surgical time. However, the ability
to manage the surgical flaps to attain tension-free primary
closure is still essential. The disadvantages of this technique
compared to the use of an autograft include longer graft
healing times, softer bone quality, and higher material
costs. Although preliminary results appear promising,
there are questions regarding the long-term stability of
the onlay grafted bone under loading. Additional studies
will be helpful in determining specific indications and lim-
itations of this technique.

Conclusions

The use of growth factors offers a new approach to the re-
pair of alveolar defects in preparation for implant place-
ment. The case reports in this article demonstrate the use
of rhBMP-2 in the repair of large extraction socket defects
and localized ridge augmentation. The collagen sponge car-
rier appears to have space making limitations that may re-
quire addition of a matrix, such as a bone substitute, or use
of a scaffold, such as titanium mesh, for graft protection in
these applications. The repair of a large alveolar defect as-
sociated with a failed tooth may be performed at the time
of extraction using thBMP-2/ACS. This approach does not
require the use of a barrier membrane and/or flap manip-
ulation and advancement. Ridge augmentation using
rhBMP-2/ACS with titanium mesh offers an alternative
method to reconstruct the atrophic residual ridge. The
benefits of this technique include relative technical ease
and the elimination of autogenous bone harvest with asso-
ciated morbidity. The disadvantages include long graft heal-
ing times, softer bone quality, and higher material costs.
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Summary
Why is this case new information? m This case uses rhBMP/ACS mixed with human allograft for socket
repair
m This case uses rhBMP/ACS mixed with human allograft and
supported with titanium mesh for horizontal and vertical bone
augmentation
What are the keys to successful m rhBMP-2 was used to accelerate soft tissue healing, minimize healing
management of this case? time and potential postsurgical infection, and promote cell migration
and early bone formation
m Human allograft and titanium mesh were used to create and maintain
the space that is needed for bone to grow
m The "PASS" (primary wound coverage, angiogensis, space, and
stability) principle was followed
What are the primary limitations to m Lack of primary wound closure attributable to flap tension
success in this case? m Lack of angiogenesis
m Lack of space creation and maintenance
m Lack of wound and implant stability
CORRESPONDENCE:
Acknowledgments Dr. Craig Misch, 120 S. Tuttle Ave., Sarasota, FL 34237-6332. E-mail: misch@
Dr. Misch is a consultant for Medtronic (Memphis, TN) bonegraft.com.

and has received lecture fees from the company. Dr. Wang
does not have any financial interests, either directly or in-
directly, in the products or information listed in the paper.
The authors thank Dr. Jia-Hui Fu (graduate student, Uni-
versity of Michigan, Ann Arbor, MI) for her assistance in
preparing the literature used for this case series.

130 Clinical Advances in Periodontics, Vol. 1, No. 2, August 2011 rhBMP-2 for Bone Augmentation



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lynch SE, Wisner-Lynch L, Nevins M, Nevins ML. A new era in peri-
odontal and periimplant regeneration: Use of growth-factor enhanced
matrices incorporating thPDGE. Compend Contin Educ Dent 2006;27:
672-678, quiz 679-680.

Wozney JM, Rosen V, Celeste AJ, et al. Novel regulators of bone formation:
Molecular clones and activities. Science 1988;242:1528-1534.

Pietrokovski J, Massler M. Alveolar ridge resorption following tooth
extraction. | Prosthet Dent 1967;17:21-27.

Carlsson GE, Bergman B, Hedegird B. Changes in contour of the
maxillary alveolar process under immediate dentures. A longitudinal
clinical and x-ray cephalometric study covering 5 years. Acta Odontol
Scand 1967;25:45-75.

Schropp L, Wenzel A, Kostopoulos L, Karring T. Bone healing and soft
tissue contour changes following single-tooth extraction: A clinical and
radiographic 12-month prospective study. Int | Periodontics Restor-
ative Dent 2003;23:313-323.

AraGjo MG, Lindhe J. Dimensional ridge alterations following tooth
extraction. An experimental study in the dog. | Clin Periodontol 20035;
32:212-218.

Bashutski JD, Wang HL. Common implant esthetic complications.
Implant Dent 2007;16:340-348.

Buser D, Martin W, Belser UC. Optimizing esthetics for implant
restorations in the anterior maxilla: Anatomic and surgical consider-
ations. Int | Oral Maxillofac Implants 2004;19(Suppl.):43-61.

Spray JR, Black CG, Morris HE, Ochi S. The influence of bone
thickness on facial marginal bone response: Stage 1 placement through
stage 2 uncovering. Ann Periodontol 2000;5:119-128.

Grunder U, Gracis S, Capelli M. Influence of the 3-D bone-to-implant
relationship on esthetics. Int | Periodontics Restorative Dent 2005;25:
113-119.

Wang HL, Kiyonobu K, Neiva RE. Socket augmentation: Rationale and
technique. Implant Dent 2004;13:286-296.

Nevins M, Camelo M, De Paoli S, et al. A study of the fate of the buccal
wall of extraction sockets of teeth with prominent roots. Int |
Periodontics Restorative Dent 2006;26:19-29.

Schwartz Z, Somers A, Mellonig JT, et al. Ability of commercial
demineralized freeze-dried bone allograft to induce new bone forma-
tion is dependent on donor age but not gender. | Periodontol 1998;69:
470-478.

Blum B, Moseley J, Miller L, Richelsoph K, Haggard W. Measurement
of bone morphogenetic proteins and other growth factors in deminer-
alized bone matrix. Orthopedics 2004; 27(Suppl. 1):s161-s165.

Fiorellini JP, Howell TH, Cochran D, et al. Randomized study
evaluating recombinant human bone morphogenetic protein-2 for
extraction socket augmentation. | Periodontol 2005;76:605-613.

Lekholm Z. Patient selection and preparation. In: Branemark PI, Zarb
G, Albrektsson T, eds. Tissue-integrated prostheses: Osseointegration
in clinical dentistry. Quintessence: Chicago; 1985:195-205.

Deckers MM, van Bezooijen RL, van der Horst G, et al. Bone
morphogenetic proteins stimulate angiogenesis through osteoblast-
derived vascular endothelial growth factor A. Endocrinology 2002;
143:1545-1553.

Li G, Cui Y, Mcllmurray L, Allen WE, Wang H. rhBMP-2, rhVEGF
(165), rhPTN and thrombin-related peptide, TP508 induce chemotaxis
of human osteoblasts and microvascular endothelial cells. ] Orthop Res
2005;23:680-685.

Howell TH, Fiorellini J, Jones A, et al. A feasibility study evaluating
rhBMP-2/absorbable collagen sponge device for local alveolar ridge
preservation or augmentation. Int | Periodontics Restorative Dent
1997;17:124-139.

Cochran DL, Jones AA, Lilly LC, Fiorellini JP, Howell H. Evaluation of
recombinant human bone morphogenetic protein-2 in oral applications
including the use of endosseous implants: 3-year results of a pilot study
in humans. | Periodontol 2000;71:1241-1257.

Misch CM. The use of recombinant human bone morphogenetic
protein-2 for the repair of extraction socket defects: A technical
modification and case series report. Int | Oral Maxillofac Implants
2010;25:1246-1252.

Govender S, Csimma C, Genant HK, et al. Recombinant human bone
morphogenetic protein-2 for treatment of open tibial fractures: A

indicates key references.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

CASE REPORT

prospective, controlled, randomized study of four hundred and fifty
patients. | Bone Joint Surg Am 2002;84-A:2123-2134.

Barnes B, Boden SD, Louis-Ugbo J, et al. Lower dose of rhBMP-2
achieves spine fusion when combined with an osteoconductive bulking
agent in non-human primates. Spine 2005;30:1127-1133.

Verardi S, Simion M. Management of the exposure of e-PTFE
membranes in guided bone regeneration. Pract Proced Aesthet Dent
2007;19:111-117.

Tal H, Kozlovsky A, Artzi Z, Nemcovsky CE, Moses O. Cross-linked
and non-cross-linked collagen barrier membranes disintegrate follow-
ing surgical exposure to the oral environment: A histological study in
the cat. Clin Oral Implants Res 2008;19:760-766.

Boyne PJ, Lilly LC, Marx RE, et al. De novo bone induction by
recombinant human bone morphogenetic protein-2 (rhBMP-2) in
maxillary sinus floor augmentation. | Oral Maxillofac Surg 2005;63:
1693-1707.

Tarnow DP, Wallace SS, Testori T, Froum SJ, Motroni A, Prasad HS.
Maxillary sinus augmentation using recombinant bone morphogenetic
protein-2/acellular collagen sponge in combination with a mineralized
bone replacement graft: A report of three cases. Int | Periodontics
Restorative Dent 2010;30:139-149.

Herford AS, Boyne PJ. Reconstruction of mandibular continuity defects
with bone morphogenetic protein-2 (rhBMP-2). | Oral Maxillofac Surg
2008;66:616-624.

Dahlin C, Linde A, Gottlow ], Nyman S. Healing of bone defects by
guided tissue regeneration. Plast Reconstr Surg 1988;81:672-676.

Jovanovic SA, Hunt DR, Bernard GW, Spiekermann H, Wozney JM,
Wikesjo UM. Bone reconstruction following implantation of rhBMP-2
and guided bone regeneration in canine alveolar ridge defects. Clin
Oral Implants Res 2007;18:224-230.

Schopper C, Moser D, Spassova E, et al. Bone regeneration using
a naturally grown HA/TCP carrier loaded with rh BMP-2 is in-
dependent of barrier-membrane effects. | Biomed Mater Res A 2008;
85:954-963.

Gutta R, Baker RA, Bartolucci AA, Louis PJ. Barrier membranes used
for ridge augmentation: Is there an optimal pore size? | Oral Maxillofac
Surg 2009;67:1218-1225.

McKay B. Local sustained delivery of recombinant human bone
morphogenetic protein-2 (rhBMP-2). Conf Proc IEEE Eng Med Biol
Soc 2009;2009:236-237.

Wang HL, Boyapati L. “PASS” principles for predictable bone re-
generation. Implant Dent 2006;15:8-17.

Matin K, Nakamura H, Irie K, Ozawa H, Ejiri S. Impact of
recombinant human bone morphogenetic protein-2 on residual ridge
resorption after tooth extraction: An experimental study in the rat. Int |
Oral Maxillofac Implants 2001;16:400-411.

Wikesjo UM, Sorensen RG, Kinoshita A, Wozney JM. RhBMP-2/
alphaBSM induces significant vertical alveolar ridge augmentation and
dental implant osseointegration. Clin Implant Dent Relat Res 2002;4:
174-182.

Wikesjo UM, Qahash M, Thomson RC, et al. Space-providing
expanded polytetrafluoroethylene devices define alveolar augmentation
at dental implants induced by recombinant human bone morphogenetic
protein 2 in an absorbable collagen sponge carrier. Clin Implant Dent
Relat Res 2003;5:112-123.

Wikesjo UM, Qahash M, Thomson RC, et al. thBMP-2 significantly
enhances guided bone regeneration. Clin Oral Implants Res 2004;15:
194-204.

Shimazu C, Hara T, Kinuta Y, et al. Enhanced vertical alveolar bone
augmentation by recombinant human bone morphogenetic protein-2
with a carrier in rats. | Oral Rebabil 2006;33:609-618.

Wikesjo UM, Qahash M, Polimeni G, et al. Alveolar ridge augmenta-
tion using implants coated with recombinant human bone morphoge-
netic protein-2: Histologic observations. | Clin Periodontol 2008;35:
1001-1010.

Freilich M, M Patel C, Wei M, et al. Growth of new bone guided by
implants in a murine calvarial model. Bone 2008;43:781-788.

Kawakatsu N, Oda S, Kinoshita A, et al. Effect of rhBMP-2 with
PLGA/gelatin sponge type (PGS) carrier on alveolar ridge augmentation
in dogs. | Oral Rebabil 2008;35:647-655.

Kim SJ, Shin HS, Shin SW. Effect of bone block graft with rhBMP-2 on
vertical bone augmentation. Int | Oral Maxillofac Surg 2010;39:883-888.

Misch, Wang

Clinical Advances in Periodontics, Vol. 1, No. 2, August 2011 131



