AUGMENTATION PROCEDURES WITH RECOMBINANT
HUMAN RECOMBINANT PLATELET-DERIVED GROWTH
FACTOR BB FOR THE HORIZONTAL AND VERTICAL JAW

RECONSTRUCTION - LITERATURE REVIEW

Summary

Currently, Recombinant Human Platelet-Derived Growth Factor BB
(PDGE-BB) is approved for periodontal regeneration with a bone-filling
material only. Although this material needs to be used with a scaffold as
a carrier, there has been considerable clinical interest in combining this
growth factor with different bone grafts. This article reports literature re-
view regarding using rhPDGF-BB with bone substitutes for implant site
development. After careful evaluation of the literature data of current and
emerging evidence, the off-label use of hPDGF-BB was determined in the
following reports to be consistent for the good clinical practice regarding
bone augmentation.

Key words: recombinant human platelet-derived growth factor BB,
augmentation, bone graft, dental implantation.

Rezumat
PROCEDURI DE AUGMENTARE CU FACTORUL DE CRESTERE RE-
COMBINANT PLACHETAR BB IN RECONSTRUCTIILE ORIZON-
TALE SI VERTICALE ALE PROCESULUI ALVEOLAR - REVIUL LIT-
ERATURII

Actualmente, factorul uman derivat plachetar recombinant BB (PDGF-
BB) este aprobat pentru regenerarea periodontald numai impreuna cu un
material de augmentare osoasd. Din considerentele ca acest material trebuie
folosit pe un substrat pentru regenerare tisulard, se evidentiaza un interes
clinic considerabil in conbinarea acestui factor de crestere cu diverse grefe
osoase. Acest articol reprezintd un reviu de literatura in vederea folosirii
rhPDGF-BB cu substituiente osoase pentru reformarea regiunii de insertie
a implantelor dentare. Dupa o evaluare a datelor din literatura, utiliza-
rea stiintifica a rhPDGEF-BB relateazd indicatii bune pentru utilizarea in
practica clinica referiotor la augmentarea osoasa.

Cuvinte cheie: factorul uman derivat platelar recombinant BB, aug-
mentare, grefa osoasd, implantare dentara.

Objectives

To evaluate the scientific value of the Recombinant Human Platelet-Derived
Growth Factor BB (PDGF) for the horizontal and vertical jaw reconstruction ac-
cording to the literature data.

Search strategy
The Cochrane Oral Health Group’ Trials Register, CENTRAL, MEDLINE and
EMBASE were searched. Hand searching included several dental journals.

Data collection and analysis
Data were extracted, in duplicate, by the present author.

Introduction

The resorption of the alveolar ridges of the superior and inferior maxillary
bones following tooth extraction, periodontal aggression and trauma is a physi-
ologically undesirable and probably avoidable phenomenon [1]. The reconstruction
of the vertical and horizontal defects and atrophies in human and animal trials has
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been studied extensively by evaluating healing events
via histological, radiological and clinical methods [2].
But in fact of these studies the vertical and horizontal
regeneration of severe localized edentulous atrophic
ridges remains a challenging procedure [3]. The avail-
able modalities for the bone reconstruction started to
be compromised by different intraoperative and post-
operative discomforts. With the exception of selected
autogenous bone grafts and demineralized bone ma-
trix, most bone replacement grafts are generally con-
sidered passive scaffolds providing a framework for
cellular migration and tissue formation [4]. The “gold
standard”, the autogenous graft, requires invasive tech-
niques for harvesting of bone from intra oral and extra
oral regions. And, also in front of the well known ad-
vantages of auto grafts, like its capacity for osteocon-
duction as well as induction and restricted immune
reaction, there are also significant drawbacks, like
induction of a secondary defect at the donor site, fol-
lowed by possible infection and donor-site-morbidity.
The resorption of such grafts could grow up till 50% of
the total volume of reconstructed site [5]. The demin-
eralized bone matrix, which is represented on the mar-
ket by the deprotenized bovine bone (DBB) showed
a resistance to resorption following placement into
bony defects or as an onlay graft. It has been shown
to induce periodontal and periimplant bone regenera-
tion. But these applications are recognized to assist in
regeneration of the small amount of lost bone [6].

The bone splinting and horizontal alveolar distrac-
tion are an alternative technique to harvesting opera-
tions [7, 8, 9]. But this technique has limitations due
to non-toleration of the devices and a small amount
of bone especially when the vertical augmentation is
indicated. At the moment the most common methods
of ridge reconstructions include grafting procedures,
with or without coverage by a barrier membrane, the
guided bone regeneration (GBR). Bone replacement
grafts and GBR membranes appear to function pri-
marily through the preservation of space critical for
clot development and tissue maturation. However, the
barrier function and the membrane longevity may dif-
fer considerably, thereby limiting their function to a
few weeks [3]. Also, the membrane placement is often
associated with flap dehiscence due to compromised
vascularity, which can adversely impact the regenera-
tive outcome [10,11,12,13].

To avoid these problems, new techniques were
initiated which include combination of the GBR and
tissue engineering. Tissue engineering is broadly de-
fined as the application of engineering and life-sci-
ence principles to develop biological substitutes that
improve or reconstitute organs, tissues, and tissue
function [14]. Early efforts to engineer periodontal
and alveolar bone regeneration relied largely on ma-
trices or scaffolds, including bone grafts and synthetic
bone substitutes, or cell-exclusive materials that com-
partmentalize the regenerative site, as in GBR.

The regenerative process of the skeletal system
is characterized by the remodeling cycle, in which

cell populations are recruited and differentiated for
the purposes of bone resorption or bone formation.
These activities are coordinated and regulated by an
elaborate system of growth factors and cytokines, sev-
eral of which are either now available or in promising
stages of development for clinical application through
recombinant technology.

Recent attention has focused on the potential for
biological mediators to improve wound healing and
enhance the clinical benefits of bone replacement
grafts [15]. The introduction of recombinant growth
factors for osteogenic enhancement has potentiated
the possibilities of bone augmentation of edentulous
deformities for the purpose of implant placement.
This process is dependent on the presence of 3 critical
ingredients: molecular signals, responding cells with
associated receptors and assembly of the extracellu-
lar matrix [16]. One of the crucial biological factors
responsible for reparative osseous activity is platelet-
derived growth factor (PDGF). PDGF was discov-
ered as a major mitogenic factor present in serum
but absent from plasma. It was found to be secreted
from the a-granules of platelets activated during the
coagulation of blood to form serum. PDGF works by
binding to cell-surface receptors on most cells of mes-
enchymal origin, and it stimulates the reparative pro-
cesses in multiple tissue types. The potent stimulatory
effects of PDGF as a chemo attractant and a mitogen,
along with its ability to promote angiogenesis, com-
plementing the actions of vascular endothelial growth
factor (VEGF) in vessel formation, position it as a key
mediator in tissue repair [17,18]. Subsequent studies
have demonstrated that PDGF is not one molecule
but three, each a dimeric combination of two distinct
but structurally related peptide chains designated A
and B. The group PDGF polypeptide growth factors
include PDGF-A, B, C, and D, encoded by four genes
located on different chromosomes.

Following injury and hemorrhage, bone repair is
characterized by activation of the coagulation cascade
and formation of a blood clot at the site of trauma
(Fig. I). Platelets aggregate and release their cytokine-
laden granules, including varying amounts of PDGEF-
AA, PDGE-BB, and PDGEF-CC, into the developing
blood clot.

Asaconsequence of injury, alpha granules contain-
ing PDGF are jettisoned by platelets for the purpose
of angiogenesis, chemotaxis, and mitogenesis. Trans-
forming growth factor-beta (TGF-b) also appears to
play a role in chemotaxis and cell proliferation dur-
ing wound-healing. The attraction of osteoprogenitor
cells (chemotaxis) and their increase in number (mi-
togenesis) provide a pool of osteo-regenerative cells
that will respond to the bone morphogenetic proteins
(BMP) [19].

PDGEF-BB has been shown to enhance the chemo
tactic and mitogenic activity of periodontal liga-
ment cells at concentrations as low as 1 ng/mL [20,
21]. PDGEF-BB delivered in a methylcellulose gel was
reported to have a half-life of 4.2 hours, with greater
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Fig. I Platelet-derived growth factor (PDGF): action and bone regeneration [19].

than 96% clearance of the radio labeled growth factor
by 96 hours, when applied for the treatment of natu-
rally occurring periodontal disease in beagle dogs
[22]. Accordingly, following clinical application, the
potent actions of this growth factor must occur early,
triggering a cascade of biologic and cellular events at
the surgical wound. These effects are characterized by
the recruitment and differentiation of mesenchymal
cell populations, as well as new vessel formation, ul-
timately supporting wound healing and regeneration
[17]. Cooke et al [23] examined the effects of PGDF-
BB on levels of VEGF and bone turnover in periodon-
tal wound fluid in 16 patients who were randomized
to receive treatment of intrabony defects with either
B-TCP carrier alone, 3-TCP plus 0.3 mg/mL rhP-
DGF-BB, or 8-TCP plus 1.0 mg/mL rhPDGF-BB.
These patients had participated in a large clinical trial
evaluating the efficacy and safety of PDGF-BB in the
treatment of intraosseous periodontal defects. Pyri-
dinoline cross-linked carboxyterminaltelopeptide of
Type I collagen (ICTP) is an indicator of osseous met-
abolic activity and provided a marker of bone turn-
over. Low-dose rhPDGF-BB application was found to
elicit increasing in ICTP at 3 to 5 days in the wound
healing process, with the 1 mg/mL rhPDGF-BB group
showing the most pronounced difference in VEGF at
3 weeks. Thus, a single dose of hPDGF-BB exhibited
demonstrable, sustained metabolic actions at the clin-
ical site of application [24]. In a parallel study, the re-
lease of the ICTP into the periodontal wound fluid was
monitored longitudinally in 47 patients for 24 weeks
following regenerative surgical treatment with PDGEF-
BB. The 0.3 and 1 mg/mL PDGEF-BB treatment groups
exhibited increases in levels of ICTP for as much as 6
weeks. ICTP levels were significantly higher in defects
treated with PDGF-BB and {3-TCP compared with

sites grafted with 3-TCP alone at the 6-weeks point.
Given the rapid biologic clearance of the growth fac-
tor, these results provide further evidence that a single
administration of PDGF-BB exerts a sustained effect
on periodontal bone metabolism and helps clarify the
sequence and timing of signal cascades involved in
periodontal wound healing [24].

Currently, PDGE-BB is clinical approved for peri-
odontal regeneration together with bone-filling mate-
rial only [24]. Although the bone-filling material uses
B-TCP as the scaffold/carrier, there has been consid-
erable clinical interest in combining this growth fac-
tor with other bone replacement grafts, particularly
bone allografts. Bone allografts, such as freeze-dried
bone allograft and demineralized freeze-dried bone
allograft, exhibit highly osteoconductive surfaces and
support well-documented clinical improvements in
periodontal parameters compared to open flap debri-
dement [25]. These materials have also been shown to
possess variable amounts of growth factors, including
bone morphogenetic proteins, and the capacity for
osteoinduction [26]. Because of the safety and effica-
cy profile of bone allografts, the potential to serve as
carriers for growth factors and other biologic media-
tors has been extensively explored and documented in
cell-culture and preclinical models. Clinical case re-
ports also provide information on the clinical efficacy
of PDGF-BB being used with bone allografts. Nevins
et al [27] and Camelo et al [28], reported human his-
tological evidence of periodontal regeneration in in-
tra-osseous defects treated employing a combination
of rhPDGF-BB and {3-TCP. Nevins et al [29] reported
a case series describing the clinical and radiographic
outcomes following the treatment with rhPDGF-BB
and B-TCP of severe periodontal intrabony defects.
Clinical reentry and radiographs at one year showed
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complete bone fill, indicating that rhPDGF combined
with 8-TCP provides excellent clinical results. Pre-
clinical studies regarding combination of an aloplastic
material with a rhPDGF-BB showed the potential to
support only initial stages of guided bone regenera-
tion at chronic-type lateral ridge defects [16].

Preclinical studies and case reports provide proof
of principle that rhPDGF-BB, when combined with
other graft matrices, can support improved bone for-
mation and wound healing in alveolar ridge recon-
struction and implant therapy. Lynch et al [30] found
that the direct application of a combination of rhP-
DGF-BB and IGF-1 around dental implants produced
two to three times more new bone at earlier periods
in dogs. Becker et al [31] reported an increase in the
percentage of implant surface in contact with bone
and total length of the implant surface in contact with
bone in dehiscence defects treated with expanded-
polytetrafluoroethylene membranes (ePTFE) plus
PDGF/IGF-I compared with the defects receiving
ePTFE membranes alone in dogs. Simion et al. [3]
reported a canine study that demonstrated the po-
tential for a deproteinized cancellous bovine block,
when infused with thPDGF-BB, to regenerate sig-
nificant amounts of new bone in severe mandibular
vertical ridge defects without placement of a barrier
membrane. The xenogenic block grafts were infused
with thPDGF-BB and stabilized in alveolar defects
using two dental implants with or without collagen
membranes. The alveolar ridge defects treated with
the combination of rhPDGF-BB plus xenograft with-
out a collagen membrane demonstrated the greatest
bone formation based on radiographic and histologic
outcome measures. The histologic findings revealed
robust osteogenesis throughout the block grafts, with
significant graft resorption and replacement. In con-
trast, alveolar ridge defects treated with traditional
GBR without the growth factor supported little or
no bone formation. Simion et al. [3] reported simi-
lar findings using rhPDGF-BB in combination with
a novel equine hydroxyapatite and collagen (eHAC)
bone block in the canine model. Moreover, recent
case reports demonstrate that anorganic bovine bone
can serve as effective scaffolds to deliver rhPDGF-BB
for lateral ridge augmentation and reconstruction,
following extraction for implant placement [27,29].
The scientific base is that during bone regeneration
by osteoinduction of the graft (anorganic bovine
bone - DBB), pluripotent cells differentiate underin-
fluence of humoral and bone morphogenetic proteins
into osteoblasts, which can thanproduce osteocytes
[32]. By the other way the DBB regulates micro RNA
which represent a class of small, functional, noncod-
ing RNAs of 19 to 23 nucleotides that regulate the
transcription of messenger RNAs in proteins [33].
The benefit of this combination is advocated by the
presence of the thPDGF-BB as an interface between
graft and anatomical site. In this way the osteocon-
ductive and osteoinductive process could be induced
and mentained byrhPDGF-BB.

Results

Recombinant growth factor technology has in-
creased the options for combinatorial approaches to
reconstructive oral surgery. Graft matrices that are
space maintaining and osteoconductive support in
preventing soft-tissue collapse and provide a scaffold
for cellular migration and stabilization of the blood
clot. Graft matrices, such as 8-TCP and deproteinized
cancellous bovine substitutes, can also serve as deliv-
ery devices for drugs and biologics, although the re-
lease kinetics can differ among scaffolds. The clinical
potent effect of thPDGF-BB on both bone and soft-ti
ssue healing expands the ability to manage cases with
bone atrophy and soft tissue dehiscence. For cases in
which bone preservation is required, the tissue con-
tours can be maintained with minimally invasive
protocols. For sites requiring hard- and soft-tissue
augmentation, these procedures can be combined
to reduce the number of surgical procedures for pa-
tients. Although highly favorable clinical outcomes
have been achieved using PDGF-BB in combination
with deproteinized cancellous bovine bone grafts.
Deproteinized cancellous bovine bone combined
with PDGF-BB appear to stimulate more robust bone
formation and rapid wound closure, enhancing the
development and preservation of bony and gingival
contours critical for achieving esthetic implant out-
comes. The use of this growth factor in combination
with scaffolds for therapeutic indications other than
periodontal defects must be based on firm scientific
rationale and sound medical evidence.

The clinical goals of growth-factor enhanced
therapy include less invasive surgical procedures with
more robust and predictable treatment outcomes
[19,34]. Although autogenous grafts remain widely
considered the gold standard for the correction of
localized ridge deformities [35], constraints in the
volume of available autogenous bone and morbidity
associated with graft harvest often limit treatment
recommendations and patient acceptance. The abil-
ity to achieve optimal and predictable bone and soft
tissue for the implant site development without the
use of autogenous grafts offers great advantage to the
clinician and patient.

The clinical application of bone xenografts for the
development of extraction sites, lateral and vertical
ridge augmentation is well documented in implant
therapy [36,37]. Clinical evidence supports the use
of xenogenic grafts for ridge augmentation for den-
tal implant placement [38,39]; however, the extent of
bone regeneration appears variable and dependent on
factors such as graft form—particulate versus block—
and defect location.

The literature overviews presented in this article
illustrate the application of growth-factor enhanced
grafts and highlight the favorable clinical results
achieved with this therapeutic approach. Controlled
pre clinical experiments are necessary to establish the
relative effectiveness of rhPDGF-BB combined with
xenogenic deproteinized cancellous bovine scaffolds



for early bone formation in case of vertical and hori-
zontal augmentation. The secondary studies should
be addressed to determine the value of the resorbable
barrier membranes to improve these procedures.

10.

1

—

12.

13.

14.

15.

16.

17.

18.

19.

Bibliography

. Nevins M, Garber D, Hanratty JJ, et al. Human histologic evalu-

ation of anorganic bovine bone mineral combined with recom-
binant human platelet-derived growth factor BB in maxillary
sinus augmentation: case series study. Int ] Periodontics Restor-
ative Dent 2009;29:583-91.

Aratjo MG, Lindhe J. Dimensional ridge alterations following
tooth extraction. An experimental study in the dog. J ClinPerio-
dontol 2005;32:212-8.

. Simion M, Rocchietta I, Kim D, Nevins M, Fiorellini J. Verti-

cal ridge augmentation by means of deproteinized bovine bone
block and recombinant human platelet-derived growth factor-
BB: a histologic study in a dog model. Int ] Periodontics Restor-
ative Dent 2006;26:415-23.

Wisner-Lynch LA. From passive to active: will recombinant
growth factor therapeutics revolutionize regeneration? Int J
Periodontics Restorative Dent. 2006;26(5):409-411.

Chiapasco M, Casentini P, Zaniboni M. Bone augmentation
procedures in implant dentistry. Int ] Oral Maxillofac Implants
2009;24 Suppl:237-59.

Lekovic V, Camargo PM, Weinlaender M, Vasilic N, Djordjevic
M, Kenney EB.The use of bovine porous bone mineral in com-
bination with enamel matrix proteins or with an autologous
fibrinogen/fibronectin system in the treatment of intrabony
periodontal defects in humans. J Periodontol 2001;72: 1157-63.
lizuka T, Hallermann W, Seto I, Smolka W, SmolkaK,Bosshardt
DD. Bi-directional distraction osteogenesis of the alveolar bone
using an extraosseous device. Clin. Oral Impl. Res. 16, 2005;
700-707.

A. Gaggl, H. Rainer, E. M. Chiari:Horizontal distraction of the
anterior maxillain combination with bilateral sinuslift opera-
tion—preliminary report. Int. J. OralMaxillofac. Surg. 2005; 34:
37-44.

Jensen O, Leopardi A, Gallegos L. Maxillary Distraction and
Sinus Grafting. ] Oral MaxillofacSurg 2004.62:1423-1428, 2004
Murphy KG. Postoperative healing complications associated
with Gore-Tex Periodontal Material. Part II. Effect of compli-
cations on regeneration. Int J Periodontics Restorative Dent.
1995;15(6):548-561.

. Machtei EE. The effect of membrane exposure on the outcome

of regenerative procedures in humans: a meta-analysis. ] Perio-
dontol. 2001;72(4):512-516.

Buser D, Brigger U, Lang NP, Nyman S. Regeneration and en-
largement of jaw bone using guided tissue regeneration. Clin
Oral Implants Res. 1990;1(1):22-32.

Simion M, Baldoni M, Rossi P, Zaffe D. A comparative study of
the effectiveness of e-PTFE membranes with and without early
exposure during the healing period. Int ] Periodontics Restor-
ative Dent. 1994;14(2):166-180.
Langer R, Vacanti JP. Tissue
1993;260(5110): 920-926.
Eingartner C, Coerper S, Fritz ], et al. Growth factors in distrac-
tion osteogenesis. Immuno-histological pattern of TGF-betal
and IGF-I in human callus induced by distraction osteogen-
esis. IntOrthop. 1999;23(5):253-259.

Schwarz E, Sager M, Ferrari D, Mihatovic I, Becker J. Influence
of recombinant human platelet-derived growth factor on lat-
eral ridge augmentation using biphasic calcium phosphate and
guided bone regeneration: a histomorphometric study in dogs.
] Periodontol 2009;80:1315-23.

Hollinger JO, Hart CE, Hirsch SN, et al. Recombinant human
platelet-derived growth factor: biology and clinical applica-
tions. ] Bone Joint Surg Am. 2008;90(suppl 1):48-54.

Homsi ], Daud AL Spectrum of activity and mechanism of action
of VEGF/PDGEF inhibitors. Cancer Control. 2007;14(3):285-
294.

Lynch SE, Wisner-Lynch LA, Nevins M, Marx RE. Tissue en-
gineering: applications in oral and maxillofacial surgery and
periodontics. 2nd ed. Chicago, USA: Quintessence; 2008.

engineering.  Science.

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

—

32.

33.

34.

35.

36.

37.

38.

39.

Oates TW, Rouse CA, Cochran DL. Mitogenic effects of growth
factors on human periodontal ligament cells in vitro. J Perio-
dontol. 1993;64(2):142-148.

. Belal MH, Watanabe H, Ichinose S, Ishikawa I.A time-depen-

dent effect of PDGF-BB on adhesion andgrowth of cultured
fibroblasts to root surfaces.Oral Diseases (2006) 12, 543-552.
Lynch SE, de Castilla GR, Williams RC, et al. The effects of
short-term application of a combination of platelet-derived and
insulin-like growth factors on periodontal wound healing. J
Periodontol. 1991;62(7):458-467.
Cooke JW, Sarment DP, Whitesman LA, et al. Effect of rhPDGEF-
BB delivery on mediators of periodontal wound repair. Tissue
Eng. 2006;12(6):1441-1450.
Nevins M, Giannobile WV, McGuire MK, et al. Platelet-derived
growth factor stimulates bone fill and rate of attachment level
gain: results of a large multicenter randomized controlled trial. J
Periodontol. 2005;76(12):2205-2215.
Reynolds MA, Aichelmann-Reidy ME, Branch-Mays GL, Gun-
solley JC. The efficacy of bone replacement grafts in the treat-
ment of periodontal osseous defects. A systematic review. Ann
Periodontol. 2003;8(1):227-265.
Boyan BD, Ranly DM, Schwartz Z. Use of growth factors to
modify osteoinductivity of demineralized bone allografts:
lessons for tissue engineering of bone. Dent Clin North Am.
2006;50(2):217-228.
Nevins ML, Camelo M, Nevins M, et al. Minimally invasive
alveolar ridge augmentation procedure (tunneling technique)
using thPDGF-BB in combination with three matrices: a case
series. Int ] Periodontics Restorative Dent. 2009;29(4):371-383.
Camelo M, Nevins ML, Schenk RK, et al. Periodontal regen-
eration in human Class II furcations using purified recom-
binant human platelet-derived growth factor-BB (rhPDGF-
BB) with bone allograft. Int J Periodontics Restorative Dent.
2003;23(3):213-225.2005;63(12):1693-1707.
Nevins M, Hanratty J, Lynch SE. Clinical results using recom-
binant human platelet-derived growth factor and mineralized
freeze-dried bone allograft in periodontal defects. Int J Perio-
dontics Restorative Dent. 2007;27(5):421-427.
Lynch SE, Buser D, Hernandez RA, et al. Effects of the platelet-
derived growth factor/insulin-like growth factor-I combination
on bone regeneration around titanium dental implants. Results of
a pilot study in beagle dogs. ] Periodontol. 1991;62(11):710-716.
Becker W, Lynch SE, Lekholm U, et al. A comparison of
ePTFE membranes alone or in combination with platelet-
derived growth factors and insulin-like growth factor-I or de-
mineralized freeze-dried bone in promoting bone formation
around immediate extraction socket implants. J Periodontol.
1992;63(11):929-940.
Boyne PJ, Marx RE, Nevins M, et al. A feasibility study evalu-
ating rhBMP-2/absorbable collagen sponge for maxillary si-
nus floor augmentation. Int J Periodontics Restorative Dent
1997;17:11-25.
Palmieri A, Pezzetti F, Brunelli G, et al. Anorganic bovine bone
(Bio-Oss) regulates miRNA of osteoblast-like cells. Int J Perio-
dontics Restorative Dent 2010;30:83-7.
Landsberg CJ. Implementing socket seal surgery as a socket pres-
ervation technique for pontic site development: surgical steps
revisited—a report of two cases. ] Periodontol. 2008;79(5):945-
954.
McAllister BS, Haghighat K. Bone augmentation techniques. J
Periodontol. 2007;78(3):377-396.
Wallace SS, Froum §J. Effect of maxillary sinus augmentation
on the survival of endosseous dental implants. A systematic re-
view. Ann Periodontol. 2003;8(1):328-343.;
Aghaloo TL, Moy PK. Which hard tissue augmentation
techniques are the most successful in furnishing bony sup-
port for implant placement? Int ] Oral Maxillofac Implants.
2007;22(suppl):49-70.
Donos N, Mardas N, Chadha V. Clinical outcomes of implants
following lateral bone augmentation: systematic assessment of
available options (barrier membranes, bone grafts, split osteot-
omy). J Clin Periodontol. 2008;35(8 suppl):173-202.
Rocchietta I, Fontana F, Simion M. Clinical outcomes of vertical
bone augmentation to enable dental implant placement: a sys-
tematic review. ] Clin Periodontol. 2008;35(8 suppl):203-215.

M Chirurgie OMF



