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12.4  Vertical Ridge 
Augmentation

Isabella Rocchietta, David Nisand 
and Massimo Simion

12.4.1 Introduction and Indications
Successful osseointegration is predicated on the 
placement of dental implants into a sufficient vol-
ume of bone. When teeth are lost due to trauma, 
periodontal disease or other causes there is often 
a lack of adequate bone volume. 

Severe bone atrophies in the vertical dimension 
may constitute a real challenge for the clinician. 
Vertical ridge augmentation is indeed the least 
predictable and difficult to obtain of all surgical 
outcomes due to the anatomical and biological 
difficulties encountered. 

Nevertheless, successful procedures have been 
described in the literature, each one of them 
reporting advantages and disadvantages on a dif-
ferent scale (Rocchietta et al., 2008). 

Conventional GBR, autogenous onlay bone 
grafting, and distraction osteogenesis have all 
been employed to correct severe bone loss in 
areas with limited bone height (Nyman, 1991; 
Simion et al., 1994b; Levin et al., 2007; Jensen et 
al., 2002; Froum et al., 2008). 

Such areas include the maxillary molar and pre-
molar region, where only a reduced alveolar pro-
cess may separate the maxillary sinus from the 
oral cavity, and the corresponding mandibular 
region, with its mandibular nerve canal. 

Moreover, a large inter-arch space alters coronal 
length and form and produces an increased 
crown-to-root ratio in the final prosthetic recon-
struction (Meccal and Rosenfield, 1991). The lat-
ter may result in an esthetically unacceptable final 
prosthetic restoration, and/or lead to difficulties in 
performing adequate oral hygiene regimes, hence 
potentially jeopardizing the long-term prognosis. 
Partially edentulous patients presenting a maxil-
lary or mandibular alveolar atrophy with favorable 

bony peaks adjacent to the atrophic site are the 
perfect candidates for a vertical ridge augmenta-
tion procedure. 

12.4.2  Current Treatment Concepts and 
Limitations

A number of different techniques have been 
developed to reconstruct vertically deficient alve-
olar ridges to allow dental implant placement in 
either a simultaneous or staged approach. 

These include extraoral or intraoral autogenous 
onlay bone grafts, distraction osteogenesis and 
guided bone regeneration (GBR) (Rocchietta et 
al., 2008). 

The literature also presents with an array of dif-
ferent techniques such as the use of a resorbable 
collagen membrane supported by osteosynthesis 
plates (Merli et al., 2006), the use of titanium mesh 
(Artzi et al., 2003) or osteotomies with the incor-
poration of a xenograft block (Felice et al., 2008). 

GBR is a regenerative procedure derived from 
guided tissue regeneration (GTR) around natural 
teeth and is used for ridge augmentation. The bio-
logic principles of guided tissue regeneration were 
applied by Nyman and Karring in the early 1980s 
(Nyman et al., 1982). The surgical technique 
applied in GBR involves the placement of a cell-oc-
clusive barrier membrane to protect the blood clot 
and to create a secluded space around the bone 
defect in order to allow bone regeneration with-
out competition from other tissues. Schenk et al. 
(1994) demonstrated how the newly regenerated 
bone progresses in a programmed sequence 
through a series of biological steps that closely 
parallel the pattern of normal bone growth and 
development. 

GBR has been tested following a variety of dif-
ferent protocols, ranging from the use of the tita-
nium reinforced expanded polytetrafluoroethyl-
ene (e-PTFE) membrane alone over a blood clot 
(Buser et al., 1990) to pure autogenous bone 
chips (Buser et al., 1996) or a combination of the 
latter and xenograft particles (Simion et al., 2007) 
up to the use of xenograft particles only under the 
barrier (Canullo et al., 2006).
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GBR may be performed as a one or two stage 
procedure. The one-stage procedure involves 
simultaneous placement of the implants and per-
formance of the augmentation procedure, leading 
to a healing time of 6 to 7 months prior to mem-
brane removal and abutment connection. This 
requires adequate bone height (minimum 6 to 7 
mm) at baseline for primary stability of the dental 
implants. 

The two-stage procedure involves the augmen-
tation surgery alone as a first step due to insuffi-
cient bone height, followed by the membrane 
removal and implant insertion 6 to 7 months later. 

The main limitation of guided bone regenera-
tion is the use of barrier membranes that may 
result in premature exposure when not handled 
correctly jeopardizing the overall result (Simion et 
al., 1994).

If autogenous bone grafts may offer superior 
capacity to promote osteogenesis, the graft har-
vesting procedure is often associated with unde-
sirable morbidity (Clavero and Lundgren, 2003) as 
well as block graft shrinkage (Sbordone et al., 
2012). 

In the same way, distraction osteogenesis is 
associated with a high complication rate (Wolvius 
et al., 2007) and requires an additional horizontal 
augmentation at the end of treatment due to an 
incomplete bone formation (Enislidis et al., 2005). 

Lately, research has evolved towards assessing 
different surgical techniques to obtain vertical 
bone regeneration, aiming to facilitate the surgical 
technique and increase the predictability of results 
(Simion et al., 2006, 2008). The biologic concepts 
of tissue engineering have been applied to the 
clinics. 

One signaling molecule that has been studied 
extensively in both animals and humans is plate-
let-derived growth factor (PDGF), which is found 
in the alpha granules of blood platelets and bone 
matrix (Lynch, 1999) and is now recombinantly 
produced. PDGF plays a fundamental role in the 
wound-healing cascade. It is present in high con-
centrations in platelets and released in the fluids 
generated during the early stage of wound heal-

ing (Spindler et al., 1995). PDGF is a potent 
chemotactic and mitogenic factor for cells of mes-
enchymal origin, including fibroblasts, osteoblasts, 
and chondrocytes, and is thus believed to be 
capable of enhancing tissue regeneration and 
repair (Bhargava et al., 1999). Additionally, PDGF 
is angiogenic, promoting capillary budding into 
the graft site.

The use of purified recombinant human plate-
let-derived growth factor BB (rh-PDGF-BB) mixed 
with bone allograft results in robust periodontal 
and bone regeneration (Nevins et al., 2003). 

The effect of PDGF-BB treatment on block 
grafts positioned under a full-thickness mucoperi-
osteal flap was investigated to achieve vertical 
ridge augmentation using an established canine 
model (Simion et al., 2006) reporting successful 
outcomes. These need to be validated and con-
firmed with proper clinical studies. 

While the available literature in vertical bone 
regeneration is lacking studies comparing autoge-
nous onlay blocks to GBR with e-PTFE membrane, 
studies may be found where GBR is compared to 
distraction osteogenesis (Chiapasco et al., 2004).

In the same way, when dealing with GBR in ver-
tical augmentation, there is only one study availa-
ble comparing different graft materials under-
neath the e-PTFE membrane (Fontana et al., 
2008) and very few studies comparing different 
types of membrane (Merli et al., 2007, 2010). 

The ideal clinical studies to assess the outcomes 
of vertical ridge augmentation should include GBR 
versus onlay bone blocks or GBR, using different 
grafting materials or different membranes. 

12.4.3 Guided Bone Regeneration (GBR)

1. Research Question 
The aim of a clinical study designed to assess the 
outcomes of guided bone regeneration is to test 
whether a certain material results in positive verti-
cal bone regeneration or not compared to the 
gold standard technique proven to be successful 
(two-stage procedure using autogenous bone 
chips mixed to deproteinized bovine bone parti-
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cles in a 1:1 ratio under a titanium reinforced 
membrane). The materials tested may vary and 
they may include the graft and/or the barrier 
membrane or novel materials. The protocol to test 
the efficacy to gain vertical bone regeneration by 
means of GBR is derived from the publication of 
Simion et al. (2007).

2. Timeline of the Study 
The study consists of a surgical phase with vertical 
ridge augmentation by means of GBR. Bone gain 
in height and possibility of implant placement is 
evaluated after 6 months of healing. Implant 
placement is then performed and osseointegra-
tion of implants in the newly formed bone may be 
evaluated after 3 to 6 months. Insertion of the 
prosthetic reconstruction may be defined as a new 
baseline, and a 5-year follow-up should be con-
sidered to evaluate the loading capacity of the 
newly formed bone (Box 12.4-1).

3. Inclusion and Exclusion Criteria
Vertical ridge augmentation finds its major indica-
tions in partially edentulous patients. There is no 
evidence on whether the upper or lower jaws heal 
differently or if there are any differences between 

the anterior or posterior areas when treated with 
an augmentation technique. However, when 
designing a clinical study, an effort should be 
made to select the same anatomical site to 
decrease to the least potential variables. Some 
studies even include bilateral sites within the same 
patient, where one site is randomized as the test 
site and the other as the control site. This implies 
having a very large pool of patients to select from, 
and it may be difficult to find an appropriate num-
ber of patients to include in the study. 

Inclusion of patients in a clinical study testing a 
vertical ridge augmentation technique should 
address specific criteria for the individual, and spe-
cific criteria for the site to be augmented. 

Individual Criteria
Patients should be selected according to the fol-
lowing:
• good general health
• older than 18 years of age
• full compliance and awareness
• full mouth plaque and bleeding score (FMPS, 

FMBS) inferior or equal to 20%
• oral hygiene prophylaxis and comprehensive 

dental care performed prior to the study.

Box 12.4-1

Extraction of tooth/teeth

6–8 weeks

Augmentation surgery  
(Vertical ridge augmentation)

4 months

6 months

Membrane removal, tenting 
screw removal, pin removal 
and implant placement

Prosthetic loading

Micro-luxators and forceps to obtain least traumatic extraction 

• Tenting screw/s
• Screw driver 
• Fixating tacks
•  Manual and motor torque wrench for tacks
• Non-resorbable sutures
•  Titanium reinforced membrane (size according to site)
• Graft material 

•  Manual and motor torque wrench for tacks
• Screw driver for tenting screw
• Implant/s
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Patients should be excluded according to the fol-
lowing: 
• pregnant or lactating women
• heavy smokers (≥ 10 cigarettes per day)
• history of malignancy, radiotherapy, or chemo-

therapy for malignancy within the past 5 years 
• previous and concurrent medication affecting 

mucosal healing in general (e.g., steroids, large 
doses of anti-inflammatory drugs)

• allergy to study products. 

Site Criteria
The sites should be selected according to the fol-
lowing:
• Lack of adequate vertical bone height for 

implant placement in partially edentulous 
patients with bone peaks present at the adja-
cent teeth (vertical bone loss ≥ 3 mm) (Figs 12.4-
1, 12.4-2a and 12.4-2b). 

• Adequate inter-arch space for the future pros-
thetic rehabilitation.

• Loss of natural teeth in the anterior region of 
the maxilla, with compromised esthetic appear-
ance. 

• No signs of active periodontitis and endodontic 
lesions in the oral cavity.

• The adjacent tooth/teeth should present a 
moderate or absent probing attachment loss 
(PAL). The adjacent tooth needs to have a bone 
peak, which will be the threshold of vertical 
bone gain, in order to predict the volume of 
bone that can be regenerated and not to involve 
the adjacent periodontal regeneration.

• All fixed overhanging crowns have to be substi-
tuted with new removable provisional crowns 
(and subsequent abutment reconstruction) to 
avoid areas where oral hygiene is difficult, lead-
ing to bacterial colonization.

Fig 12.4-1  Clinical appearance of the defect. The 
previous oncologic resection resulted in the loss of the 
left lateral maxillary incisor and the cuspid. 

Fig 12.4-2  (a and b) Three-dimensional CT scan reconstruction reveals a severe bone loss in direct continuity with 
the nasal cavity.

Left

Posterior-anterior 
caudal view

Left

a b
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• In posterior partially edentulous cases, the 
presence of the third molar complicates the 
procedure and creates a possible area of infec-
tion risk other than the adjacent mesial tooth. 
Hence, if possible, extraction of the third molar 
in the area to be augmented is strongly sug-
gested.

4. Endpoints (Primary and Secondary)
Primary Endpoints
Gain in bone height at 6 months and implant sur-
vival/success rates in the regenerated bone (at 1 
and 5 years post-loading) serve as primary end-
points.

Secondary Endpoints
Assessment of morbidity and effectiveness may 
be performed by assessing the following param-
eters. The morbidity endpoints to be assessed 
are:
• closure of the wound at days 15, 30, and 90
• presence of swelling at days 15, 30, and 90
• membrane exposure at days 15, 30, and 90
• evaluation of pain using daily pain killer  

consumption
• surgery time.

Effectiveness Endpoints
• possibility of placing dental implants at 6 months
• implant primary stability at 6 months
• bone density based on a cone-beam computer-

ized tomography (CBCT) scan evaluation at 
6 months

• need for a second graft procedure at the time of 
implant placement.

5.  Additional Observations and 
Measurements

Patients can be included in 5 years’ follow-up to 
assess the implant and prosthetic survival/success 
rate, and the occurrence of biological and/or 
mechanical complications. Long-term follow–up 
of the regenerated bone may be evaluated 
through peri-implant bone loss.

6. Test Groups (Test and Control) 
The control group consists of GBR procedure 
alone (two-stage procedure) using autogenous 
bone chips mixed to deproteinized bovine bone 
particles in a 1:1 ratio under a titanium reinforced 
membrane in the anterior area.

The test group may consist of deproteinized 
bovine bone particles alone or newly developed 
resorbable membranes with improved 
spaced-maintenance capacity.

 In the present protocol, the test group consists 
of deproteinized bovine bone particles alone 
under a titanium-reinforced membrane in the 
anterior area.

7. Preoperative Care 
Prior to the surgical procedures, strict preoperative 
protocols must be applied to the patient cohort in 
order to collect all the relevant information at 
baseline that will serve to assess the endpoint 
results as well as preoperative prophylaxis drug 
administration. All patients will be evaluated 
according to the criteria for inclusion or exclusion. 
For proper standardization between baseline and 
re-entry data, a trained, calibrated examiner 
should perform all measurements at the study 
center.

Panoramic radiographs are required to start the 
assessment. CBCT scans are recommended for all 
sites but are required for the mandibular posterior 
areas to determine the position of the inferior 
dental nerve. 

Presurgical medication of the patients consists 
of antibiotic coverage of 2 g amoxicillin or 500 mg 
erythromycin (if the patient is allergic to penicil-
lins). A non-steroidal anti-inflammatory drug is 
administered 1 h before surgery (500 mg 
mefenamic acid), which will also act as a painkiller. 

A chlorhexidine digluconate 0.2% mouthrinse 
is offered to the patient for 2 mins prior to the 
start of the surgery and an extraoral scrub with 
povidone–iodine solution will be performed. 
These medications require a strict control of the 
patient’s medical history and allergies prior to their 
administration. 
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8. Surgical Procedure 
Local anesthesia consists of articaine 4% and epi-
nephrine at 1:100,000 infiltration. The surgical 
tools for the different phases of treatment are 
listed in Box 12.4-1. 

Flap design: a full-thickness crestal incision is per-
formed in the center of the keratinized gingiva 
within the edentulous region (Fig 12.4-1). The 
incision is extended intrasulcularly to the mesial 
and distal aspect of one or two adjacent teeth. 
Vertical releasing incisions are made at the mesio-
buccal and mesiopalatal line angles. Care is taken 
to create “J”-shaped vertical mesial releasing inci-
sions, in order not to damage the interdental 
papilla or the buccal periodontium of the tooth.

Recipient site preparation: a full-thickness flap is 
elevated, making sure all the periosteum is elevated 
and is kept intact (Fig 12.4-3). The bone crest is 
carefully cleared from soft tissue remnants and the 
roots of the adjacent teeth are scaled and root 
planed. Care is taken not to damage the palatine 
artery or the mental nerve in severely resorbed 
maxillae and mandibles. The flaps are handled gen-
tly to minimize soft tissue trauma and to strictly 
avoid soft tissue perforations. The tension of the 
buccal and palatal/lingual flaps is released by per-
forming a delicate periosteum incision. 

Graft and donor site preparation: in the control 
group, the composite graft consists of autogenous 
bone mixed with deproteinized bovine bone 
matrix (DBBM) in a 1:1 ratio. The autogenous 
bone is harvested in the proximity of the augmen-
tation site with bone scrapers when possible, or 
from the retromolar region with trephine burs. 
Bone harvesting from the mandibular ramus or 
the maxilla tuberosity is performed when the third 
molar is missing. 

A crestal incision is performed, starting 2 to 3 
mm distal to the second molar, extending in the 
direction of the lateral margin of the ramus, fol-
lowed by a short vertical mesial incision. After the 
elevation of a full-thickness flap, the osteotomy is 
accomplished with the use of trephines or thin 
carbide burs. Bone harvesting is carried out gently 
under copious irrigation. Care is taken to leave a 
minimum of 3 mm over the mandibular alveolar 
nerve to avoid postoperative negative sequelae. 
After bone collection, the flaps are sutured with 
interrupted 4/0 silk sutures. In the test group, 
deproteinized bovine bone particles are used 
alone.

Tenting screw placement: one or more tenting 
screws are placed according to the extension and 
severity of the atrophy (Fig 12.4-4). Care is taken 
not to surpass the existing bone level of the adja-

Fig 12.4-3  Clinical appearance of the defect after 
full-thickness flap elevation. The vertical bone loss 
approaches 20 mm.

Fig 12.4-4  Two tenting screws are positioned to 
support the composite graft and prevent a collapse of 
the overlying membrane and soft tissues.
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cent tooth/teeth. The exact height is measured by 
means of two perpendicular periodontal probes 
placed from the bone peak mesiodistally and from 
the bone crest apico-coronally. The screws are 
positioned to retain the graft and to prevent 
membrane collapse, hence the direction of inser-
tion is vertical, horizontal, or both, according to 
the anatomy of the defect. Cortical perforations 
are performed by means of a round diamond bur 
to expose the medullary spaces and allow bleed-
ing. 

Barrier membrane placement: prior to membrane 
placement, the e-PTFE barrier is shaped and 
trimmed to adapt to the defect area perfectly. The 
titanium structures of the membrane are bent 
with pliers to obtain the correct crest morphology, 
and the external portions are trimmed with scis-
sors to extend at least 4 to 5 mm beyond the 
defect margin. Care is taken to ensure the mem-
brane is not in direct contact with the adjacent 
tooth/teeth to avoid bacterial contamination 
deriving from the sulcus (minimum 1 mm space 
from the tooth root to the membrane margin). 
The membrane is secured lingually/palatally by 
means of two fixation screws (one in a mesial pos-
ition and one in a distal position) (Figs 12.4-5 and 
12.4-6). The composite graft in the control group 
and the deproteinized bovine bone particles alone 

in the test group are then gently adapted and 
compacted in the area of interest around the tent-
ing screws, and the membrane is closed buccally 
with two other fixation screws (again mesial and 
distal). Membrane stability is mandatory. This is 
assured by fixing the membrane with adequate 
tension.

Wound closure: GBR for vertical ridge augmenta-
tion requires optimal soft tissue management, 
since the major and most frequent complication is 
premature membrane exposure, resulting in bac-
terial contamination. This complication is generally 
due to insufficient periosteal releasing incisions 
and excessive tension in the sutures at closure. Pri-
mary passive closure is ensured by horizontal mat-
tress sutures using non-resorbable Gore-tex 4/0 
sutures (W.L. Gore and Associates) and by overly-
ing interrupted sutures. This ensures a double line 
of suture. The horizontal mattress sutures should 
be performed at least 3 to 4 mm apically from the 
gingival margin of the flap, and the interrupted 
sutures should be equally positioned 3 mm apart 
from each other (Fig 12.4-7). Sutures are removed 
12 to 15 days postoperatively.

9. Postoperative Care 
Patients will follow an antibiotic and a non-steroi-
dal anti-inflammatory drug regime for 7 days: in 

Fig 12.4-5  The composite graft (autogenous bone 
and deproteinized bovine bone in a 1:1 ratio) is placed 
and compacted in the deficient site. Prior to this, the 
graft was hydrolized by rh-PDGF-BB.

Fig 12.4-6  The overlying e-PTFE membrane is 
accurately trimmed and secured by buccal and palatal 
tacks to the defect area. 
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general, amoxicillin is administered 1 g every 8 h 
along with non-steroidal anti-inflammatories 
(500 mg mefenamic acid) every 8 h for 3 to 4 days. 
A chlorhexidine digluconate 0.2% mouthrinse is 
given three times daily for 10 to 15 days. As previ-
ously stated, the medical status and allergies of 
each patient require an in-depth analysis before 
administering medications. 

10. Case Number (Number and Assumptions 
for the Power Calculation) 
The minimum clinically significant value (δ) should 
be considered as 2 mm. On the basis of these 
data, the minimum calculated number of patients 
is 20 (10 in each group). In order to take into 
account drop-out, the number of patients required 

to be enrolled is increased by 4, resulting in a final 
number of 12 patients per group (24 in total).

11.  Measurement of Protocol Specific Endpoints 

Assessment of Bone Gain (Figs 12.4-8 to 12.4-10)
• clinical measurement at baseline and at 

6 months re-entry by means of a periodontal 
probe and a splint device

• radiographic assessment of bone gain by means 
of cone-beam CT scan.

Assessment of Bone Quality
• recording of implant primary stability
• assessment of bone density with cone-beam CT 

scan.

Fig 12.4-7  Tension-free soft tissue closure is achieved 
by horizontal and interrupted sutures.

Fig 12.4-8   Re-opening of the site after 6 months 
reveals a large bone fill of the defect, with the tenting 
screw heads visible. The e-PTFE membrane is removed 
and two titanium dental implants placed.

Fig 12.4-9  (a) Periapical 
radiograph of the initial 
defect. (b) The tenting 
screws in place with the 
overlying e-PTFE 
membrane. (c) The two 
titanium dental implants 
completely inserted in 
regenerated bone.a cb
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