
The International Journal of Periodontics & Restorative Dentistry

© 2009 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. 



Traditional surgical techniques to cor-
rect alveolar ridge deficiencies to place
dental implants include guided bone
regeneration (GBR), onlay block graft-
ing, ridge splitting, forced eruption,
and distraction osteogenesis.1–8 These
procedures have been used frequently
after dental extractions.9–16

Techniques of GBR, which utilize
barrier membranes to exclude epithe-
lium and connective tissue, are pre-
dictable procedures to provide ridge
augmentation.3,5,6,17–19 However, this
surgical approach may be associated
with wound dehiscences, postsurgical
swelling, and edema, and often requires
a secondary surgical site to harvest the
autogenous bone graft. Thus, current
surgical trends lean toward minimally
invasive surgical technologies that result
in minimal surgical trauma, postopera-
tive discomfort, and morbidity. These
techniques have been reported for peri-
odontal regeneration and alveolar ridge
augmentation procedures.20–25

Lateral ridge augmentation with
subperiosteal tunneling is performed
with a small incision and minimal tis-
sue dissection and flap reflection to
gain access to a defect site without
disrupting the soft tissue profile.26–31
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This surgical approach appears to
reduce postoperative discomfort and
swelling. A number of variations on
the subperiosteal tunneling technique
have been attempted and reported,
with particulate hydroxyapatite and
particulate human mineralized bone
allograft used to enhance thin alveolar
ridges.26,28,29 Decortication of the
recipient site and the use of a resorb-
able collagen membrane in conjunc-
tion with anorganic bovine bone graft
have been reported.29

Recombinant human platelet-
derived growth factor BB (rhPDGF-
BB) is a natural biologic molecule that
mediates and regulates key cellular
events such as cell proliferation,
chemotaxis, and matrix synthesis by
binding to specific cell-surface recep-
tors.32–35 The wound-healing response
is activated when PDGF is released
locally during clotting by platelets at
the site of soft and hard tissue injury.36

Once released from the platelets,
PDGF binds to cell surface receptors
to promote rapid cellular migration
(chemotaxis) and proliferation (mito-
genesis).36,37 It is proangiogenic in that
it acts in synergy with endogenous
vascular epithelial growth factor to
stimulate neovascularization at the
defect site.38–40 

Preclinical and clinical studies,
including a large-scale randomized
controlled trial, have demonstrated
the clinical safety and efficacy of
rhPDGF-BB–mediated therapy in
both periodontal regeneration and
implant site development.41–58 These
studies of ridge augmentation have
provided evidence of the periosteal
influence on rhPDGF-BB–mediated
osteogenesis.55–58

The present study evaluated a
minimally invasive ridge augmentation
procedure (tunneling technique) that
used rhPDGF-BB in combination with
three particulate scaffolds, including
freeze-dried bone allograft (FDBA),
anorganic bovine bone graft (ABBG),
and mineralized collagen bone sub-
stitute (MCBS).

Method and materials

This investigation was designed and
implemented as a single-center,
prospective, open-label clinical study.
Subjects were selected for enrollment
from the population of patients
requesting dental implant placement
in the maxillary anterior region and
presenting with a ridge that was in-
adequate in width to place 4-mm-
diameter dental implants. To be eligi-
ble, prospective subjects had to be
between the ages of 18 and 70 years
and willing and able to follow the study
protocols. Subjects signed informed
consent documents according to the
Declaration of Helsinki. In addition,
subjects were excluded from entry into
the study if (1) they presented with sys-
tematic disorders that would prevent
them from undergoing surgery or (2)
were current smokers (within 6 months
of entry into the study). Pregnant
women were also excluded from the
study. 

At the screening visit, the eligibil-
ity criteria were assessed with reviews
of dental and medical histories, along
with extraoral and intraoral examina-
tions. Once the eligibility criteria were
met, the patient was scheduled for
clinical photographs, periapical

radiographs, dental computed
tomography (CT) scan, and dental pro-
phylaxis, and was scheduled for the
surgery. 

Alveolar ridge augmentation was
performed in the maxillary anterior
region with local anesthesia (2% lido-
caine with 1:100,000 epinephrine). A
minimally invasive tunneling ridge aug-
mentation procedure using two short
vertical releasing incisions adjacent to
the site of augmentation was per-
formed. The buccal tissue was carefully
dissected and lifted from the alveolar
crest with a periosteal elevator to form
a subperiosteal pouch. Decortication
of the buccal plate was performed
manually with a custom-fabricated
decorticator to stimulate bleeding into
the defect and allow for access to
progenitor cells and angiogenesis. 

Prior to grafting, the 12 subjects
were randomized into three experi-
mental groups (Table 1).

• Group A: FDBA (The University of
Miami Tissue Bank) hydrated with
rhPDGF-BB (Gem21S, Osteohealth)

• Group B: ABBG (Bio-Oss, Osteo-
health) hydrated with rhPDGF-BB

• Group C: ABBG/MCBS (Bio-Oss
Collagen, Osteohealth) hydrated
with rhPDGF-BB

In groups A and B, 1 g of collagen
(Hemostop, Technew) was mixed with
graft material to enhance its handling
characteristics. 

The grafts were delivered to the
deficient area in a syringe (3 mL,
Embraplast) (Fig 1). Following its inser-
tion, the graft was packed and con-
densed until stable. Primary wound
coaption was achieved with simple
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interrupted sutures (nylon sutures,
Ethicon). Subjects were instructed
to take oral antibiotics (amoxicillin
500 mg three times daily for 7 days)
and ibuprofen (800 mg four times daily
for 3 days), use a mouth rinse (0.12%
chlorhexidine two times a day), and
avoid brushing of the treated
site for 2 weeks. They were also pro-
vided instructions on when to return for
follow-up visits, as indicated in the

obtain core biopsies (minimum 2 mm
wide by 7 mm deep) from the center
of the treated area as well as the lateral
surface (horizontal core). These non-
decalcified bone cores were scanned,
and the data were quantified using
three-dimensional (3D) microCT (µCT
40, Scanco Medical). Dental implants
were placed in the augmented sites
when primary stability could be
achieved. 

protocol. Oral hygiene instruction was
reviewed at each visit. The 3-month
visit included periapical radiographs, a
CT scan, and dental prophylaxis.

Surgical reentry of the treatment
site was performed 3.5 months (14
weeks) after augmentation surgery
under local anesthesia (2% lidocaine
with 1:100,000 epinephrine) with the
elevation of a full-thickness mucoperi-
osteal flap. Trephine drills were used to

373

Volume 29, Number 4, 2009

Table 1 Breakdown of subject enrollment and the 
experimental groups

Group/
Subject Age Gender Site(s)* Graft (g) 

Group A
301 45 F 12,11,21,22 2 g FDBA
305 51 F 11,21,22 3.5 g FDBA
308 29 F 12,11,21,22 3 g FDBA
310 56 F 12,11,21,22 3.5 g FDBA

Group B
302 37 M 12,11,21,22 3 g ABB
303 26 M 12,11,21,22 3 g ABB
307 45 M 12,11,21,22 3 g ABB
309 40 F 12,11,21,22 3 g ABB

Group C
304 31 F 12,11 2 g ABB/1 g MCBS
306 39 M 14–11 2 g ABB/1 g MCBS
311 47 F 22 2 g ABB/0.25 g MCBS
312 39 F 12,11,21,22 2 g ABB/0.25 g MCBS

Two milliliters of rhPDGF-BB were used in each patient in combination with the selected graft
material.
*FDI tooth-numbering system used.

Fig 1 Delivery of the composite graft via
syringe.
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The primary outcome variable was
bone quality and quantity assessed by
light microscopy, histomorphometry,
and microCT and backscatter SEM.
The secondary outcome variables
included bone volume, bone quality,
soft tissue healing, and incidence of
unanticipated adverse healing events. 

Results

Twelve patients (four men with a mean
age of 37.35 years and eight women
with a mean age of 42.25 years) were
enrolled based on the inclusion crite-
ria and treated with the tunneling tech-
nique for ridge augmentation. There
were no serious adverse events during
the course of the study.

Clinical Results

Early wound healing demonstrated
typical postsurgical sequelae, such as
localized facial edema and gingival/
mucosal erythema. Two patients in

group B and one patient in group C
showed fenestration of soft tissues at
the 7-day postoperative visit. All of the
sites subsequently healed, with com-
plete wound closure by the 28-day
postoperative visit. The fenestrations
occurred at the buccal aspect of the
grafted sites, where the continuity of
the mucosa had been compromised
by instrumentation during elevation or
condensing of the graft particulate.

Group A
Clinical examination of the group A
patients at the 14-week postoperative
visit revealed enhancement of ridge
width in all four patients, as confirmed
by the 12-week CT scan. The newly
grafted bone was more radiopaque
than the native bone. However, it was
obvious that the ridge shape lacked
uniformity, with significant irregularity
of the surface contour. 

Surgical reentry demonstrated
well-incorporated bone particulate pre-
senting increased ridge volume with
minor surface irregularities and partial
undercuts in the apical third of the

ridge (Fig 2). The regenerated bone
appeared to be firm on the surface, but
variable bone density was noticed at
the time of implant site preparation. All
planned implants were placed.

Group B
Clinical examination of the group B
patients at the 14-week postoperative
visit revealed significant enhance-
ment of the ridge width in all four pa-
tients. The CT images evidenced well-
incorporated graft material. Flap ele-
vation and removal of soft tissues
revealed enhanced edentulous ridge
form, with clinical quality consistent
with new bone (Fig 3). The augmented
sites allowed for implant placement in
all patients.

Group C
Clinical examination of the group C
patients at the 14-week postoperative
visit revealed moderate enhancement
of the ridge width in all four patients.
The graft particulate was embedded in
the soft tissue flap and the lack of incor-
poration noted on the CT scan (Fig 4).
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Fig 2 (left) Well-incorporated bone partic-
ulate was noted in group A sites. HC = hori-
zontal core; VC = vertical core.

Fig 3 (right) Visual identification of the
graft particles in group B sites. HC = hori-
zontal core; VC = vertical core.
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Two of the four patients showed no
increase in ridge width, prohibiting
implant placement.

Quantitative CT scan evaluation 

Postsurgical CT scans indicated that
there was a volumetric increase at the
defect sites in all three groups (Fig 5).
Measurements were performed by an
independent (blinded) radiologist to
compare presurgical to postsurgical
defect dimensions, evaluating for a
width that would be sufficient for
implant placement. The height of the
ridge extending to a 6-mm width was
evaluated (Table 2). Eleven of the 12
CT scans, including 20 of the 23 poten-
tial implant sites, were available for
evaluation. The other three readings
were discarded owing to poor CT scan
technique.
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Fig 4 Lack of incorporation (asterisk) of
the graft material to the host bone in group
C sites. HC = horizontal core; VC = vertical
core. 

Figs 5a and 5b Group A patient (#310): CT scans obtained (left) preoperative and (right) at
12 weeks postoperative. 

HC

VC
VC

*

Table 2 Preoperative and postoperative defect dimensions,
as derived from CT scans

Defect dimensions*

Subject Tooth no.† Preop Postop

Group A
301 11 9.6 15.8

22 15.8 16.2
305 12 6.2 10.7

22 6.1 10.3
308 11 8.6 13.1

22 6.3 11.9
310 11 5.0 13.2

22 4.8 12.1
Group B

302 12 4.5 3.9
22 4.1 10.1

303 11 5.7 12.2
22 3.2 9.8

307 11 6.4 12.8
21 8.2 11.3

309 11 4.2 9.5
22 3.4 9.5

Group C
304 11 NA NA

21 NA NA
306 13 9.6 8.0

11 6.6 4.0
311 23 1.4 11.8
312 11 1.8 21.0

21 2.1 18.7

*Width at 6 mm.
†FDI tooth-numbering system used.
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Figs 6a and 6b MicroCT representation
of sample from patient 310 (group A).
Red = host bone; white = FDBA particles. 

Figs 7a and 7b MicroCT representation
of sample from patient 302 (group B).
Red = host bone; white = ABBG particles.

Figs 8a and 8b MicroCT representation
of sample from patient 306 (group C).
Red = host bone; white = ABBG/MCBS
particles.
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MicroCT and histomorphometric
analyses

The microCT evaluation could not dif-
ferentiate between local bone, newly
formed bone, and graft material
because the grey levels were too sim-
ilar (Figs 6 to 8). Thus, only the total
amount of mineralized tissue per core
was evaluated by microCT. The mean
percentage (± SD) of mineralized tissue

BE-SEM and histologic 
evaluation

Group A   
BE-SEM and histologic evaluations
showed FDBA chips and newly formed
cancellous bone surrounding them and
between them, indicating osteocon-
ductive bone formation (Fig 9a). Bone
formation was ongoing at the time of
biopsy sampling (Figs 9b to 9d).

in group A was 34.6% ± 8.7%; in group
B it was 38.2% ± 8.7%; and in group C
it was 52.9% ± 12.9%.

MicroCT evidenced intense osteo-
genesis with extensive new bone for-
mation. It was possible to isolate
remaining matrix. The graft particulate
was apparent to varying degrees in all
of the samples.
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Fig 9a Composited image of BE-SEM views of an FDBA core
(patient 310/group A). The grey levels indicate different degrees of
mineralization. The FDBA chips can be distinguished from newly
formed bone (NB).

Fig 9b Light microscopic view of the same core shown in Fig 9a.
Note the bridges of newly formed bone between the FDBA particles.

Figs 9c (left) and 9d (right) Higher magni-
fications of the same FDBA chips and newly
formed bone surrounding them, indicating
the osteoconductive bone formation.

NB
FDBA

NB

NB

FDBA Marrow

NB

FDBA
NB

FDBA

NB

FDBA

NB

Marrow

Osteocytes

NB
FDBA

FDBA

Marrow
200 µm 50 µm

500 µm

© 2009 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. 



Group B 
Group B specimens showed the pres-
ence of ABBG surrounded by new
bone. BE-SEM grey levels indicated
the degree of mineralization (Fig 10a).
Light microscopy demonstrated inten-
sive new bone formation with varying
degrees of maturation, including newly
formed woven bone and lamellar bone
forming bridges between ABBG par-
ticles (Figs 10b to 10d). Some speci-
mens demonstrated new bone for-
mation within the ABBG particles. 

Group C 
Group C results varied with location of
the bone core. Multiple cores demon-
strated MCBS particles surrounded by
connective tissue (Fig 11). Newly
formed bone was observed in one
specimen. Other specimens showed
solid bone with limited remnants of
MCBS particles.
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Fig 10a Composited image of BE-SEM of an ABBG core (patient
302/group B). The grey levels indicate different degrees of mineral-
ization. The brighter the signal, the denser the material; this distin-
guishes ABBG remnants from newly formed bone (NB).

Fig 10b Light microscopic view of the same core shown in Fig 10a.
CT = connective tissue.

Fig 10c (left) Higher-power view. NWB =
newly formed woven bone; CT = connec-
tive tissue.

Fig 10d (right) Newly formed woven bone
(NWB) can be observed maturing into bone
trabeculae completely surrounding ABBG
particles.
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Implant placement and success 

Twenty implants were placed into the
trephined biopsy sites at the 14-week
postoperative visit (seven implants in
group A, eight implants in group B,
and five implants in group C). Implant
placement was not possible in two
patients in group C owing to immature
bone quality and/or limited bone vol-
ume. Three implants in group A had to
be removed because of mobility and
buccal dehiscence at 6 months (one
implant) and 8 months (two implants).
The implants were removed prior to
beginning the restorative phase of
treatment. The patients used provi-
sional removable partial denture appli-
ances prior to restoration. The remain-
ing implants were clinically and
radiographically stable at the 12-month
evaluation.

The concept of stabilization and
intimate adaptation of a membrane to
the surrounding bone to create a
secluded space and to prevent the
ingrowth of competing nonosteogenic
cells into the defect area has been
challenged recently by the results that
have been obtained with rhPDGF-BB
therapy.5,53,55,57,59 Preclinical and clin-
ical studies have supported the use of
xenografts without a membrane for
significant ridge augmentation in both
horizontal and vertical defects.53,55,56,57

It is thought that a membrane may
inhibit progenitor cell migration and
angiogenesis by presenting a physical
barrier to chemotaxis. To achieve graft
stability without a membrane, there
was a need for a large volume of the
graft material in each treatment site (2
to 3 g), compared to that reported by
Hasson (1 to 1.5 g).29

New bone formation was consis-
tently observed with BE-SEM and his-
tologic analysis for groups A and B

Discussion 

There is a desire for minimally invasive
surgery that offers a predictable and
simple method to augment localized
edentulous ridge defects.21 The pre-
sent authors used a tunneling tech-
nique to obtain access to deficient
ridges (maxillary anterior region) with
minimally invasive incisions and mini-
mal tissue elevation. This technique
reduces the possibility of postopera-
tive soft tissue loss or deformity. 

All patients enrolled in the study
presented with ridge defects that
prohibited implant placement. They
were segregated into three different
treatment groups based on combi-
nations of scaffolds and rhPDGF-BB.
All eight patients in groups A (FDBA
and rhPDGF-BB) and B (ABBG and
rhPDGF-BB) demonstrated consistent
increases in ridge dimension and graft
maturity, and implant placement pro-
ceeded in all potential implant sites. 
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Fig 11 Light microscopic view of the fibrous encapsulation of the
mineralized collagen bone substitute (MCBS) particles. CT = con-
nective tissue.
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specimens. Newly formed woven and
lamellar bone were consistently
observed in close contact with graft
particles in groups A and B specimens.
The FDBA and ABBG particulate grafts
appear to act as sufficient scaffolds to
deliver the rhPDGF-BB signaling mol-
ecules to the recipient site and allow
for normal new bone growth to
enhance the edentulous ridge. In con-
trast, the MCBS specimens (group C)
had more variable results, with fibrous
encapsulation of graft particles and
limited histologic evidence of new
bone formation.

On reentry, the augmented ridges
presented with variable contours and
undercuts beyond the new bone. It
appears that the use of a membrane
might be reconsidered for the benefit
of improving graft containment and
the contour of the final grafted sites
with this technique. 

Qualitative assessment of the sites
via CT scan revealed findings consis-
tent with the clinical results but lacked
the capability to discern radiolucent
encapsulation of opaque graft materi-
als. Therefore, in this study CT scans
were able to measure bone augmen-
tation quantitatively, but their ability
to assess bone quality was limited. It
appears that a combination of quali-
tative and quantitative assessment is
necessary when using opaque grafting
materials.

The time point of reentry for this
study was only 14 weeks postopera-
tive. This is an early time point com-
pared with other clinical studies of par-
ticulate bone grafting.3–6 Nevins et al
reentered extraction sites grafted with
MCBS and rhPDGF-BB at 16 weeks
and reported mature bone healing.59

Fiorellini et al demonstrated mature
healing of extraction sites treated with
recombinant human bone morpho-
genetic protein-2 after 16 weeks.15 The
present study demonstrated clinically
immature tissue in some sites upon
reentry. The histologic results demon-
strated ongoing bone formation and
remodeling, and it is possible that a
longer healing period would enhance
implant site development.

The limitations of the present
study were the small sample size for
each group and a lack of control
groups (grafting group without the
rhPDGF-BB or grafting group with the
use of membrane). However, several
previously reported studies have
already investigated these control
groups and have obtained similar
results.26–30 Future studies are needed
with larger sample sizes to verify the
scientific value of these promising pre-
liminary results.

Conclusion

Within the limits of this study, the
freeze-dried bone allograft and anor-
ganic bovine bone graft carriers
appeared to be appropriate scaffolds
to deliver recombinant human platelet-
derived growth factor BB for ridge aug-
mentation using minimally invasive sur-
gical techniques.
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