
Resorption of the edentulous or partially edentu-
lous alveolar ridge or bone loss due to periodonti-

tis or trauma frequently compromises dental implant
placement in a prosthetically ideal position.Therefore,
augmentation of an insufficient bone volume is often

indicated prior to or in conjunction with implant
placement to attain predictable long-term function-
ing and an esthetic treatment outcome.1 Autogenous
bone grafts are still considered the gold standard in
bone regeneration procedures.2 However, donor site
morbidity, unpredictable resorption, limited quanti-
ties available, and the need to include additional sur-
gical sites are drawbacks related to autografts that
have intensified the search for suitable alternatives.
Bone-substitute materials have increased in popular-
ity as adjuncts to or replacements for autografts in
bone augmentation procedures to overcome the limi-
tations related to the use of autografts. Bone-substi-
tute materials can be categorized in three groups: (1)
allogenic, from another individual within the same
species; (2) xenogenic, from another species; or (3)
alloplastic, synthetically produced.

The osteogenic potential of bone defects may vary
considerably depending on their extent and mor-
phology. It may be too optimistic to expect that the
material characteristics of a single grafting material
will be suitable for all indications. In addition, the
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Purpose: The objective of this review was to evaluate the efficacy of different grafting protocols for the
augmentation of localized alveolar ridge defects. Materials and Methods: A MEDLINE search and an
additional hand search of selected journals were performed to identify all levels of clinical evidence
except expert opinions. Any publication written in English and including 10 or more patients with at
least 12 months of follow-up after loading of the implants was eligible for this review. The results were
categorized according to the presenting defect type: (1) dehiscence and fenestration-type defects, (2)
horizontal ridge augmentations, (3) vertical ridge augmentations, and (4) maxillary sinus floor eleva-
tions using the lateral window technique or transalveolar approach. The review focused on: (1) the out-
come of the individual grafting protocols and (2) survival rates of implants placed in the augmented
bone. Results and Conclusion: Based on 2,006 abstracts, 424 full-text articles were evaluated, of
which 108 were included. Eleven studies were randomized controlled clinical trials. The majority were
prospective or retrospective studies including a limited number of patients and short observation peri-
ods. The heterogeneity of the available data did not allow identifying one superior grafting protocol for
any of the osseous defect types under investigation. However, a series of grafting materials can be con-
sidered well-documented for different indications based on this review. There is a high level of evidence
(level A to B) to support that survival rates of implants placed in augmented bone are comparable to
rates of implants placed in pristine bone. INT J ORAL MAXILLOFAC IMPLANTS 2009;24(SUPPL):218–236
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osteogenic potential of the grafting material may
influence the time needed for completion of the
bone regeneration procedure.

This review was undertaken to evaluate the treat-
ment outcomes following augmentation of localized
bone defects, with special emphasis on comparing
the clinical performance of different bone grafts and
bone-substitute materials. A recent systematic review
of bone augmentation procedures performed prior to
or in conjunction with placement of dental implants
revealed that only a limited number of studies passed
the strict inclusion criteria for such a review.3 There-
fore, the inclusion criteria for the present review
allowed evaluation of all levels of evidence, from case
series up to the level of randomized controlled trials,4

to gather as much clinical information as possible
about clinical experience with different grafting pro-
tocols for augmentation of localized bone defects.

The hypothesis was that augmentation of local-
ized alveolar ridge defects in the forms of dehis-
cence-type defects, fenestration-type defects, bone
defects in the lateral and vertical dimensions, and
inadequate initial bone height toward the sinus floor
are predictable procedures with implant survival
rates comparable to those of implants placed in pris-
tine bone, using autogenous bone grafts, bone-sub-
stitute materials, or combinations of these. The results
obtained with different grafting protocols were com-
pared. Finally, the results with and without the use of
barrier membranes were recorded for the individual
clinical indications.

MATERIALS AND METHODS

Study Types
Any clinical evaluation of a bone augmentation pro-
cedure in humans associated with immediate or
delayed placement of dental implants published in
English and including 10 or more treated patients
was evaluated.

Patient Selection
The review included patients intended for dental
implant placement in the maxilla and/or mandible, pre-
senting with localized bone defects that required bone
augmentation procedures simultaneous with implant
placement or to allow later implant placement.

Augmentation Procedures
Peri-implant defects in the form of dehiscence-type
defects and fenestration-type defects were included if
they were augmented at the time of implant place-
ment. Two-stage augmentation procedures for local-
ized defects in the alveolar ridge were also included. In

these cases a distinction was made as to whether the
alveolar ridge was augmented in the horizontal or ver-
tical dimension. Finally, maxillary sinus floor elevation
procedures, including the lateral window technique
and the transalveolar approach, were included in the
review.

Evaluation of Outcome
Implant survival is a straightforward outcome mea-
sure, but it shows little sensitivity to minor changes in
bone volume and soft tissue levels. In this review,
implant survival rate was only included if the mean
observation period was 1 year or more after prosthetic
loading. The implant survival rates are presented as
ranges and median values. Implant success is defined
in several different ways and was not included in the
present review. In addition to implant survival, the fol-
lowing parameters were recorded for the different
augmentation techniques and grafting protocols:

1. In dehiscence-type defects and fenestration-
type defects, the primary parameter of evaluation
was the degree of bone defect reduction. This para-
meter was most often presented as the relative
reduction of defect area (mm2 or %) or defect height
(mm or %), or as the number of exposed implant
threads pre- and postaugmentation. All results were
recalculated and the defect reduction was recorded
as a percentage of the original defect size. In addi-
tion, the proportion of cases that showed complete
resolution of the former defect, ie, where the goal of
the treatment was accomplished, was recorded.
Finally, the frequency of complications was recorded.

2. In an alveolar ridge with insufficient height or
width to accommodate an implant with the desired
dimensions, a two-stage augmentation procedure is
usually indicated.The first outcome parameter of inter-
est in a two-stage bone augmentation procedure is
the possibility of implant placement in an ideal posi-
tion for the later prosthetic restoration. Gain in ridge
width and height was recorded as an indirect measure
of the efficiency of the different grafting protocols in
providing sufficient alveolar ridge dimensions for
implant placement.The percentage of cases in need of
regrafting or additional grafting at the time of implant
placement was also recorded as an indirect measure
of the predictability of the grafting protocol. The long-
term goal, for both one-stage and two-stage augmen-
tation procedures, is the stability of the augmented
bone volume, allowing unhindered masticatory func-
tion and optimal esthetics, as expressed by implant
survival, bone stability, and soft tissue stability.

3. A study was categorized as a randomized con-
trolled clinical trial (RCT), a controlled clinical trial (CCT),
a prospective study (PS), or a retrospective study (RS).4
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4. Grafting materials were categorized in one of
the following groups:

• No graft (coagulum)
• Autograft block (extraoral or intraoral donor site)
• Autograft particulate
• Autograft from bone trap
• Membrane alone (nonresorbable or resorbable)
• Allograft (freeze-dried bone allograft [FDBA] or

demineralized freeze-dried bone allograft
[DFDBA])

• Xenograft (demineralized bovine bone mineral
[DBBM], algae-derived, or coral-derived)

• Alloplast (hydroxyapatite [HA], �-tricalcium
phosphate [TCP], bioglass, or calcium sulphate)

• Combinations (autograft + allograft, autograft +
xenograft, autograft + alloplast, allograft +
xenograft, or allograft + alloplast)

5. Whether the augmented site was covered with a
resorbable membrane, a nonresorbable membrane,
or no membrane was recorded. For maxillary sinus
floor elevation procedures, it was only registered
whether some kind of membrane was used to cover
the lateral window, and if machined or rough-sur-
faced implants were placed in the augmented bone.

6. All healing times were recorded or calculated to
be presented as mean values. For implant survival
rates, ranges and median values were calculated.

7. The treatment result after augmentations in the
orofacial dimension cannot be evaluated using tradi-
tional radiographs. Computed tomography (CT), con-
ventional tomography, and digital volume
tomography are only seldom used at control visits
because of their high doses of radiation. Therefore,
the outcome of augmentation of dehiscence-type
defects, fenestration-type defects, and horizontal
ridge augmentations could only be evaluated with
clinical parameters. These included defect fill at reen-
try (%), gain in ridge width at reentry (mm), soft tis-
sue stability (mm), and ultimate implant survival (%).
Augmentations in the vertical dimension can be eval-
uated by traditional x-ray as marginal bone stability
(mm) in vertical ridge augmentations and apical
bone stability (mm) in maxillary sinus floor elevation
procedures. However, since this information was only
available from a very limited number of publications,
the radiographic evaluation was excluded from the
final evaluation.

8. Infectious complications are often related to the
exposure of membranes. All membrane exposures
were recorded as complications, although the conse-
quence of exposure may differ when nonresorbable
and resorbable membranes are compared. The type
of membrane used was recorded; therefore, the out-

come data should reveal whether exposure of nonre-
sorbable membranes leads to a compromised heal-
ing result more often than exposure of resorbable
membranes.

The background variables and outcome measures
that were recorded for each defect type are listed in
Table 1.

If data from different time points for the same pool
of patients were presented in separate publications,
the most recent paper was included for the evalua-
tion of implant survival. However, additional clinical
and radiographic data were included from all avail-
able observation times (if n ≥ 10) to monitor healing
dynamics from immediately postoperative to long-
term healing results.

Exclusion Criteria
Studies were excluded if data covered:

• Grafting of bone defects caused by tumor resec-
tions, osteoradionecrosis, osteochemonecrosis,
and bisphosphonate-associated osteonecrosis 

• Grafting of bone defects in syndrome patients
with craniofacial involvement and with congenital
malformations, such as cleft patients

• Grafting of extraction sockets and intraalveolar
defects simultaneously with immediate implant
placements (presented in parallel reviews by Buser
and Chen and Darby et al in this supplement) 

• Treatment of defects caused by peri-implantitis
• Augmentations of the complete ridges in severely

atrophied edentulous jaws, including the applica-
tion of distraction osteogenesis (presented in a par-
allel review by Chiapasco et al in this supplement)

• Grafting protocols including the addition of
growth factors or other bioactive molecules to the
grafting materials

• Different augmentation procedures and/or graft-
ing materials evaluated in the same paper, where
the outcome measures could not be separated
according to the individual protocols

Search Strategy
A search was performed in PubMed and the Cochrane
library, combining the following terms: clinical study,
clinical trial, dental implant, preprosthetic surgery, bone
transplantation, bone graft, autograft, allograft,
xenograft, alloplast, bone substitute, bone filler, onlay
bone graft, inlay bone graft, bone regeneration, bone
augmentation, peri-implant defect, fenestration, dehis-
cence, atrophy, bone loss, guided bone regeneration,
guided tissue regeneration, horizontal ridge augmenta-
tion, vertical ridge augmentation, block graft, sinus aug-
mentation, sinus floor elevation, sinus lift.
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In addition, a manual search of the tables of con-
tents of the following journals was performed: British
Journal of Oral & Maxillofacial Surgery; Clinical Implant
Dentistry and Related Research; Clinical Oral Implants
Research; Clinical Oral Investigations; Implant Dentistry;
International Journal of Oral & Maxillofacial Implants;
International Journal of Oral & Maxillofacial Surgery;
International Journal of Periodontics & Restorative Den-
tistry; Journal of Clinical Periodontology; Journal of
Craniofacial Surgery; Journal of Oral Implantology;
Journal of Oral and Maxillofacial Surgery; Journal of
Oral Rehabilitation; Journal of Periodontology; Journal
of Prosthetic Dentistry; and Oral Surgery, Oral Medicine,
Oral Pathology, Oral Radiology, and Endodontology.

Finally, reference lists of the included articles were
checked for additional publications of relevance. Pub-
lications available in print or electronic form up to
January 1, 2008, were considered.

RESULTS

A total of 2,006 abstracts and 424 full-text articles
were evaluated. One hundred eight articles met the
inclusion criteria. Data from the included studies are
listed in Tables 2 to 6. Grafting protocols that are doc-
umented in three or more studies for the individual
defect types are discussed in the following sections.

Dehiscence-type Defects and 
Fenestration-type Defects
Forty-six publications were evaluated as full text,
of which 20 studies (4 RCTs, 1 CCT, 12 PS, 3 RS) 
were included ( Table 2).5–24 Sixteen studies 
described the augmentation of dehiscence-type
defects,5–10,12,14,15,17–21,23,24 four described fenestration-
type defects,7,11,16,22 and in one study the data set could
not be separated for the two defect types.13 In 627
patients, a total of 987 implants were inserted. Reentry
was performed after a mean healing period of 5.8
months. A mean defect fill of 81.7% could be calculated
based on 17 patient pools.5,6,8,9,11–18,20,21,23,24 Complete
defect fill was accomplished in 68.5% of the cases 
(data from 10 studies).5,9,11,12,15–18,21,23 Seven studies fol-
lowed the patients for 12 to 60 months after loading,
reporting survival rates of 93% to 100% (median:
95.4%).6,7,10,19,21–23

Three different grafting protocols were docu-
mented in three or more studies. Three studies (114
patients, 155 implants) reported on the use of a non-
resorbable membrane alone.5,6,10 Membrane expo-
sure was recorded in 13.8% of the cases, and the
mean defect fill at reentry was 79.4%.5,6 After 18 to 24
months of function, the implant survival rate was
reported in two studies to be 93% and 100%, respec-
tively.5,6 Six studies (69 patients, 131 implants)
described the use of autograft as augmentation
material, which was harvested locally as chips,9,11,12,18
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Table 1   Data Collected for the Individual Defect Types

Dehiscence-type defects and Horizontal ridge  Vertical ridge Sinus 
Background and treatment variables fenestration-type defects augmentation augmentation augmentation

Study type x x x x
No. of patients x x x x
No. of augmentation procedures x x x x
No. of implants x x x x
Implant surface x
Grafting material x x x x
Initial bone height x
Membrane over augmented site x x x x
Staged/simultaneous implant placement x x x
Healing time before implant placement, mean (mo) x x x
Healing time before reentry/abutment, mean (mo) x x x x
Follow-up after augmentation, mean (mo) x x x x
Outcome measures
Gain in ridge width (mm) x
Gain in ridge height (mm) x
Defect reduction (%) x
Cases with complete defect fill (%) x x x
Complication rate including membrane exposures (%) x x x x
Implant survival (%) x x x x
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or with a suction device during preparation of the
implant bed.16,23 A resorbable membrane was
applied in four groups of patients,9,11,18,23 while no
membrane was used in another three.9,12,16 Data on
defect fill and the percentage of cases with complete
regeneration of the defects could be extracted from
all the studies, and averaged 83.8% and 68.8%,
respectively. Membrane or graft dehiscence was
reported in 15.5% of the cases. There was only one
study using autografts (11 patients with 32 implants)
presenting data on implant survival, which was
reported to be 94% after 12 months of loading.23

Eight studies (269 patients with 386 implants) evalu-
ated the use of DBBM with8,14,17,19–22 or without15 the
use of a membrane. A mean defect fill at reentry of
88.9% (based on six studies) and a percentage of
cases with complete defect fill of 67.7% (based on 3
studies) was found. The rate of dehiscences was 12%.
Four studies (145 patients with 210 implants) with
follow-up periods of 42 to 60 months after prosthetic
loading reported implant survival rates of 93% to
100% (median 95.4%).15,19,21,22

When the data set was divided according to the use
of nonresorbable membranes,5,6,13,21 resorbable mem-
branes,9,11,13,14,17,18,20,23,24 or no membrane,9,12,15,16

the percentages of defect fill were 75.7%, 87%, and
75.5%; the percentage of cases with complete
defect fill were 75.5%, 75.4%, and 56.4%; the rates
of membrane/graft dehiscences were 26.3%, 14.5%,
and 15.4%; and the implant survival rates were
92.9% to 100% (median 96.5%) with nonresorbable
membranes and 94% to 100% (median 95.4%) with
resorbable membranes. None of the included stud-
ies contained data on implant survival after at
least 12 months of loading without the use of a
membrane.

Analyzing augmentation of dehiscence-type
defects alone, 525 patients received 813 implants
showing buccal dehiscences. Five hundred twelve of
the implants were followed for 12 to 59 months after
loading and had survival rates of 92.6% to 100%
(median 94%).6,7,10,19,21,23 The augmentation 
procedures provided on average a defect fi l l  
of 85.5%,5,6,8,9,12–15,17,18,20,21,23,24 and complete regen-
eration was accomplished in 68.5% of the
cases.5,9,12,15,17,18,21,23 Infectious complications were
recorded in 13.7% of the cases.5,6,8,9,12–15,17,18,20,21,23,24

Grafting of fenestration-type defects was 
documented in four studies (54 patients, 126
implants).7,11,16,22 In two studies, the mean defect fill
and percentage of cases with complete bone fill at
reentry were 84.9% and 68.6%, respectively.11,16 The
two other studies showed implant survival rates of
100% after 24 to 60 months of functional loading.7,22

The mean complication rate was 2.5%.11,22
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Four of the included studies were RCTs, and all ran-
domizations were related to the use of mem-
branes.8,9,13,24 Schlegel and coworkers9 randomized
40 implant sites with exposed implant threads to be
augmented with autogenous bone chips with or
without a resorbable membrane. The authors stated
that the use of a membrane increased the defect fill,
but presented no statistics to support the conclusion.
Another RCT compared two different resorbable
membranes versus no membrane over an allogenic
grafting material.24 No differences in defect fill could
be demonstrated using a membrane, but a signifi-
cantly increased width of the augmented volume was
shown. No difference was found between the two
resorbable membranes tested. Two RCTs evaluated
the use of a resorbable versus a nonresorbable mem-
brane to cover DBBM particles.8,13 Both studies
showed similar amounts of defect fill with the two
membrane types, but the use of nonresorbable mem-
branes was accompanied by more wound healing
complications.

Horizontal Ridge Augmentation
Two categories of studies on horizontal ridge aug-
mentations were included: (1) studies that reported
on the augmentation procedure itself, where the suc-
cessful outcome was the possibility to place implants
of the desired dimensions in the ideal positions for
the later suprastructure, without the need for addi-
tional grafting, and (2) studies that evaluated implant
survival in horizontally augmented alveolar ridges.

A total of 107 studies were screened as full text,
and 20 of these were included, reporting data on 593
patients with 1,034 implants (Table 3).7,25–43 Twelve of
these studies contained specific data on the horizon-
tal ridge augmentation.25,28,29,31,33,35,37–41,43 A total of

225 patients underwent 247 horizontal ridge aug-
mentation procedures. After a mean healing period
of 7.3 months, an average gain in ridge width of 3.6
mm could be recorded. The mean complication rate
was 12.2%. However, when the complication rate was
calculated for studies with the use of nonresorbable
membranes, resorbable membranes, or no mem-
branes, the corresponding rates were 23.6%, 18.9%,
and 9.4%. Six studies reported data on the percent-
age of sites where additional grafting was needed in
conjunction with implant placement.28,29,36,40,41,43

This was the case in 11.1% of the cases.
Implant survival after a minimum of 12 months of

loading was calculated based on 10 studies including
425 patients and 925 implants.7,26,27,29,30,32,33,35,36,42

The horizontal ridge augmentations had been per-
formed on average 6.3 months prior to implant place-
ment. In total, 97% to 100% (median 100%) of the
implants were still present after 12 to 60 months of
function.

When the augmented sites were covered with
nonresorbable membranes, the mean gain in ridge
width was 2.9 mm,7,25,28,29,34,35,37,38 the percentage of
cases that did not need additional grafting was
80.8%,28,29 and the complication rate was
23.6%.25,28,29,34,35,37 The corresponding figures for the
use of resorbable membranes were 4.2 mm, 95.9%,
and 18.9%.31,34,40,43 When no membrane was used,
the results were 4.5 mm, 86.1%, and 9.4%.26,29,33,36,39,41

The results after horizontal ridge augmentation
may also be divided according to whether a space-
maintaining autogenous bone block is used as opposed
to a particulated bone graft or a granular bone-
substitute material. In studies utilizing autogenous bone
blocks alone or in combination with a membrane and/
or a bone-substitute material,25–27,29,30,32,33,35,36,39,40,42
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Table 6   Transalveolar Sinus Floor Elevation

Study No. of No. of No. of Grafting Simul/ Initial bone Follow-up Implant  
Study type patients augm implants material Staged height (mm) (mo) survival (%)

Zitzmann and Schärer (1998)65 PS 20 ND 59 DBBM Simul 8.8 16.5 95
Fugazzotto and De Paoli (2002)103 RS 150 167 167 A Sta ND 20.1 97.8
Winter et al (2002)104 RS 34 58 58 Coagulum Simul 2.9 22 91.4
Brägger et al (2004)105 PS 19 25 25 A+DBBM Simul 7 12 96
Deporter et al (2005)106 RS 70 104 104 DBBM Simul 4.2 37.7 98
Leblebicioglu et al (2005)107 PS 40 54 75 Coagulum Simul 8.8 25 97.3
Rodoni et al (2005)92 RS 18 18 18 DBBM Simul ND 42.6 100
Ferrigno et al (2006)108 PS 323 588 588 AP Simul 7.7 53.7 94.8
Stavropoulos et al (2007)109 RCT 26 26 35 A+BG Sta 6.4 12 83
Krennmair et al (2007)98 RS 14 14 14 DBBM Simul 9.6 44.5 100
Fermergård and Åstrand (2008)110 RS 36 ND 53 Coagulum Simul 6.3 12 96

RCT = randomized controlled trial; PS = prospective study; RS = retrospective study; No. of augm = number of sinus augmentation procedures; Simul
= implant placed simultaneously with augmentation; Sta = implant placed in a second stage; Initial bone height = initial subantral bone height; Follow-
up = mean follow-up period after loading; Implant survival = implant survival after at least 12 months of loading; ND = no data; A = autogenous bone;
AP = autogenous particulate;  DBBM = deproteinized bovine bone mineral; BG = Bioglass.
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the mean gain in ridge width was 4.4 mm, the per-
centage of cases that needed no additional grafting
was 97.2%, and the complication rate was 3.8%.
When no autogenous block graft was used, the cor-
responding figures were 2.6 mm, 75.6%, and
39.6%.7,28,29,31,34,37,38,41,43

Only one grafting protocol for augmenting local-
ized bone defects in the horizontal dimension was
documented in three or more studies. Autogenous
block grafts from intraoral donor sites were used in
nine studies comprising 283 patients with 594
implants.25–27,30,32,33,35,39,42 Four studies contained
data on width gain at reentry,25,33,35,39 two of which
reported on the same group of patients.25,35 The aver-
age gain in ridge width was 4.3 mm after a mean
healing period of 6.8 months, with a complication
rate of 3.9%. Seven studies reported implant survival
rates of 96.9% to 100% (median 100%) after 12 to 60
months of loading.26,27,30,32,33,35,42

One RCT compared the use of a resorbable versus
a nonresorbable membrane to cover DBBM for hori-
zontal ridge augmentation.34 Both groups experi-
enced high frequencies of membrane exposures
(64% and 71%). General improvement of the volume
and shape of the alveolar ridges was reported, but
no measurements were presented to support this
statement.

Vertical Ridge Augmentation
Seventy-six studies were evaluated as full text. Of
these, 14 were found to contain data on implant sur-
vival after at least 12 months of loading and/or on the
efficiency of the augmentation procedure ( Table
4).32,42,44–55 A total of 596 implants were placed in 315
patients. In 6 studies, 187 patients with 425 implants
were followed for 22 to 105 months of function.
Implant survival rates ranged from 95% to 100%
(median 100%).32,42,46,49,51,53 The efficacy of the aug-
mentation protocols to allow later implant placement
was documented in 10 studies including 162 patients
with 226 implants.44,45,47–51,53–55 The mean gain in
ridge height at reentry was 4.8 mm and the average
percentage of cases that allowed implant placement
in the planned position without the need for addi-
tional grafting was 73.6%. Exposure of the augmenta-
tion material was reported in 18.8% of the cases.

Comparing the data when a membrane was
used,42,45,46,49,52,54 or no membrane was used,44,47,48,55

the gain in ridge height was 3.5 mm vs 4.2 mm, the
percentage of cases that required no regrafting was
67.2% vs 80%, and the complication rate was 23.2%
vs 25.3%. When cases treated with an autogenous
block graft42,48,50,52,53,55 were compared to cases
treated with a particulated autograft or a bone-sub-
stitute material,44–47,49,52,54 the corresponding figures

were 3.7 mm vs 3.6 mm (gain in ridge height), 83.1%
vs 67.4% (cases not needing regrafting), and 29.8% vs
21.0% (complication rate).

Only intraorally harvested autogenous block grafts
and autogenous particulate were documented in
three studies or more. A total of 152 patients had 284
implants placed in alveolar ridges vertically aug-
mented with block grafts harvested from the
mandibular chin or body/ascending ramus.32,42,48,55

Roccuzzo and coworkers48,55 reported an average
gain in ridge height of 4.5 mm at reentry 4.6 months
after augmentation without the use of barrier mem-
branes. Additional grafting or regrafting was neces-
sary in 24% of the cases. After loading times of 22 and
24 months, two studies reported implant survival
rates of 96.9% and 98%, respectively.32,42 Five studies
described the use of autogenous bone chips har-
vested intraorally and covered with a titanium-rein-
forced nonresorbable membrane 45,46,49,52,54 or with a
resorbable membrane supported by miniplates.54

One hundred seventy-four implants were placed in
86 patients. Three studies reported a mean gain in
ridge height of 3.6 mm.45,49,54 Additional grafting at
reentry was necessary in 35% of the cases.45,52,54

Complication rates were reported in all five studies,
averaging 24.2%. Only two of the five studies con-
tained data on implant survival.46,49 Forty-three
patients with 104 implants were followed for 30 and
36 months of loading, respectively, and reported
100% survival rates.

Two RCTs compared different grafting protocols
for vertical ridge augmentation. Merli and cowork-
ers54 compared particulated autografts covered
either by osteosynthesis miniplates in combination
with a resorbable collagen membrane or by a tita-
nium-reinforced nonresorbable membrane in a total
of 22 patients. No differences in augmented bone
height (2.8 mm vs 2.1 mm) or in complication rate
(45% vs 36%) could be demonstrated. The effect of
covering an autogenous bone block harvested intra-
orally with a titanium mesh was evaluated in the
other RCT.55 A statistically significantly larger gain in
ridge height was obtained by covering the block
graft with a titanium mesh than when no mesh was
used (4.8 mm vs 3.6 mm). A third RCT compared verti-
cal ridge augmentation using distraction osteogene-
sis with the results obtained by using autogenous
particulate in combination with titanium-reinforced
nonresorbable membranes.49 Distraction osteogene-
sis is evaluated in a parallel review in this supplement
(Chiapasco et al). In the 11 patients augmented with
autograft and a membrane, the survival rate of the 25
placed implants was 100% after 35.5 months of load-
ing, but one-third of the implants showed progressive
marginal bone loss.
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Maxillary Sinus Floor Elevation—
Lateral Window Technique
A total of 179 studies were evaluated as full text, 47 of
which were included (Table 5).

In 1,571 patients, 5,388 implants were inserted in
2,180 augmented sinuses.56–107 From 19 studies, the
mean initial subantral bone height before grafting was
calculated to be 3.8 mm.65,68–70,73–76,78,82,83,87,90,91,98–102

For simultaneous implant placements and two-stage
placements, the mean heights were 4.4 mm and 2.9
mm, respectively. In two-stage procedures, the mean
healing time from grafting to implantation was 5.9
months. Infectious complications were reported in
4.7% of the cases.56,59,64–71,73,74,76,78,81–83,85–87,89,91–95,99–101

The average healing time from implant placement
until loading was 6.5 months. Implant survival ranged
from 61.2% to 100% (median 95.5%) after 12 to 107
months of prosthetic loading.56–107 When the mater-
ial was divided according to the surface of the
implants used, the corresponding figures were 61.2%
to 100% (median 89%) after 12 to 60 months for ma-
chined-surface implants57–60,62,65–67,72,74–79,81,87,88,91,92,96

and 88.6% to 100% (median 100%) after 12 to 
45 months of loading for rough-sur faced
implants.56,61,63,64,68,69,71,73,80,82,84,86,89,94,95,97–99,101,102

A barrier membrane was used to cover the 
lateral window in 12 studies (282 patients, 803
implants).56,63,65,68,70,73,79,90,92,95,98,101 No membrane
was used in 27 studies (1,000 patients, 3,165
implants).57–62,64,69,71,74–76,78,79,82–85,87–89,94,96,97,99,100,102

The implant survival rates with and without the use
of a membrane were 92% to 100% (median 100%)
and 61.2% to 100% (median 94.7%) after loading
periods of up to 48 and 107 months, respectively.
Excluding studies using smooth-surfaced implants,
the survival rates ranged from 92% to 100% (median
100%) with the use of a barrier membrane after up to
45 months of loading, compared to 93% to 100%
(median 100%) without the use of a membrane after
up to 36 months of loading.

A bone-substitute material was used alone in 16
studies (388 patients, 1,344 implants),56,61,65,70,71,77,79,80,

82,85,86,92,94,95,99,101 whereas 30 studies used autografts
alone or a combination of autografts and a bone-
substitute material (1,183 patients, 4,044
implants).57–60,62–64,66–69,72–76,78–81,83,84,87,88,90,91,93,96,98,100

The mean initial bone height for the two groups was
3.4 mm and 3.9 mm, respectively. For two-stage proce-
dures, the mean healing time before implant place-
ment was 6.6 months and 5.6 months, respectively. In
the “bone-substitute group,” the implant survival rates
after up to 107 months of loading ranged from 82% to
100% (median 96.8%). In comparison, the survival rates
in the “autograft group” ranged from 61.2% to 100%
(median 94.2%) after up to 60 months of loading.

Excluding studies using smooth-surfaced implants, the
survival rates ranged from 88.6% to 100% (median
96.8%) with the use of a bone-substitute material
alone56,61,71,80,82,86,94,95,99,101 after up to 42 months 
of loading, compared to 96% to 100% (median 100%)
after up to 45 months of loading when parti-
culated autograft was included in the grafting
material.63,64,68,69,73,80,84,98

Eight grafting protocols for maxillary sinus floor
elevation procedures were documented in three or
more studies.

Three case series (63 patients, 110 implants) pre-
sented data on maxillary sinus floor elevation proce-
dures without the use of a grafting material. Instead,
the simultaneously placed implants acted as tent
poles for the elevated sinus membrane, allowing a
coagulum to occupy the created space.89,97,102 After
an average of 12 to 27.5 months of loading, the sur-
vival rate ranged from 97.7% to 100% (median 100%).

A total of 10 studies used autogenous block grafts
for augmenting the maxillary sinus, all of which were
harvested from the iliac crest.59,60,62,66,67,72,75,76,81,96 In
5 studies (155 patients),59,66,67,72,75 560 implants were
placed simultaneously with the grafting procedure,
whereas 4 studies (85 patients, 351 implants)60,62,72,81

used a staged approach (2 studies did not separate
staged and simultaneous implant placements76,96).
The overall implant survival rate after a period of
function up to 58 months ranged from 61.2% to
94.4% (median 84.9%). For simultaneous and staged
implant placements in autogenous bone blocks, the
corresponding survival rates were 61.2% to 92.2%
(median 79%) and 76.9% to 94.4% (median 89.1%),
respectively.

Six studies (185 patients, 830 implants) presented
data on maxillary sinus floor elevations using particu-
lated autografts from different donor sites.58,64,72,79,84,93

Most of the studies (five) used a staged approach,
58,64,72,79,93 where the mean healing time before
implant placement was 5.3 months. The survival rate
after 12 to 54 months of loading was 82.4% to 100%
(median 97.1%).

DBBM alone was used for maxillary sinus floor 
elevation in 10 studies (338 patients, 874
implants).65,70,77,79,85,86,92,95,99,101 The initial bone
height was reported in 4 of the studies, with an aver-
age of 2.8 mm. Three studies contained data on
implant placement at the time of the augmentation
procedure,85,99,101 whereas 5 studies delayed implant
placement for an average of 6.7 months.70,79,85,86,95

Implant survival after up to 68 months in function
ranged from 85% to 100% (median 97%).

Alloplastic particulate in the form of hydroxyap-
atite was used as a grafting material for maxillary
sinus floor elevations and presented in 3 studies from
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the same group (56 patients, 135 implants).82,94,99

After a period of function up to 36 months, the sur-
vival rate was 96% to 100% (median: 100%).

Four studies presented the use of a composite
graft consisting of particulated autograft and allo-
graft in 94 patients with 338 implants (two studies
did not report the number of patients).63,68,69,80 All
four studies reported 100% implant survival after
loading periods of up to 42 months.

Autografts were combined with DBBM in nine
studies.74,78,79,87,88,90,91,98,100 However, four studies
reported on the same pool of patients at different
time points.74,78,87,91 Therefore, only clinical data from
the latest follow-up were included.87 A total of 908
implants were placed in 352 patients. The height of
the initial ridge was presented for five patient pools
with an average of 4.4 mm.79,87,90,98,100 The implant
survival rate was 89% to 100% (median 94.3%) with a
follow-up of 12 to 60 months after loading.

A combination of DFDBA and DBBM was used in
three studies61,80,85 comprising the augmentation of
113 maxillary sinuses (the number of patients was
not reported by Kan et al80) and the placement of 283
implants. After a period of function of up to 107
months, the implant survival rate ranged from 82.1%
to 96.8% (median 90.7%).

Three studies included randomization of two dif-
ferent grafting protocols.72,79,99 Wannfors and
coworkers72 randomized 40 patients with edentulous
maxillae to have bilateral maxillary sinus floor eleva-
tion performed with either autogenous bone blocks
from the iliac crest in combination with immediate
implant placement (76 implants) or particulated
autogenous bone (also from the iliac crest) in a two-
stage procedure (74 implants placed after 6 months
of graft healing). The implant survival rate after 12
months of function was 79% in the block graft group
and 89% in the particulate group. The difference was
not statistically significant.

Eleven patients in whom bilateral augmentation of
the maxillary sinus was indicated were randomized in
a split-mouth design to be grafted with particulated
autogenous bone harvested from the mandibular
ramus or a mixture of 80% DBBM and 20% particu-
lated autograft.79 After a healing period of 6.5 months,
33 implants were placed in the autograft side and
35 implants were placed in the composite side. After
12 months of loading, the survival rate for the implants
placed in 100% autograft was 82.4%, versus 94.4% for
the implants placed in 80% DBBM and 20% autograft.
This difference was also not statistically significant.

Mangano and coworkers99 compared the use of
DBBM versus an alloplastic HA for maxillary sinus
floor elevation. Forty patients were randomized to
receive one of the two augmentation materials. A

total of 100 implants were placed simultaneously
with the augmentation procedure—50 in each
group. Both groups had an implant survival rate of
96% after 12 months of loading.

Transalveolar Sinus Floor Elevation
A total of 16 studies were screened as full text. Data
from 11 studies were included (Table 6).65,92,98,103–110

One thousand and fifty-four sinus floor elevations
using the transalveolar approach (2 studies did not
report the number of augmentation procedures65,110)
were performed in 750 patients with a mean initial
subantral bone height of 6.9 mm (2 studies did not
present data on initial bone height92,103). A total of
1,196 implants were followed for a period of up to 64
months after prosthetic loading, with an implant sur-
vival rate ranging from 83% to 100% (median 96%).

Three studies reported results after elevating the
sinus floor without the introduction of a grafting
material in 110 patients (186 implants) with a mean
initial bone height of 6 mm.104,107,110 The mean
implant survival was 91.4% to 97.3% (median 96%)
after up to 25 months of loading. The highest number
of patients (473) were grafted with autogenous bone,
with 755 implants placed in a mean initial ridge
height of 6.6 mm and followed for up to 54 months of
loading.103,108 The implant survival rates were 97.8%
and 94.8%, respectively. DBBM alone was used as
grafting material in four studies reporting on 122
patients with a mean initial bone height of 7.5 mm,
in which 195 implants were placed.65,92,98,106 The
survival rate was 95% to 100% (median 99%) after a
follow-up period of 12 to 45 months after loading.

The only RCT describing the transalveolar approach
in maxillary sinus floor elevations was not random-
ized regarding the grafting protocol but had two dif-
ferent implant designs.109

No studies compared the lateral window technique
with the transalveolar approach for similar indications.

DISCUSSION

Survival rates of implants placed in conjunction
with augmentation of dehiscence-type defects or
fenestration-type defects (median 95.4%), implants
placed in bone augmented in the horizontal and ver-
tical dimensions (medians both 100%), and implants
placed in augmented sinuses, using the lateral window
technique (median 95.5%) or a transalveolar approach
(median 96%), are comparable to survival rates of
implants placed in pristine bone. This is in accordance
with a previous systematic review.111 However, these
high survival rates are almost exclusively based on
observational, nonrandomized, uncontrolled studies.
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Augmentation of dehiscence-type defects and
fenestration-type defects resulted in 54% to 97% res-
olution of the former defects (mean 81.7%), and com-
plete defect fill was reported in 68.5% of the cases. In
contrast, very limited resolution of the defects could
be observed when no augmentation was performed
in an RCT by Dahlin and coworkers112 (this specific
RCT could not be included in the present review,
since only seven patients were treated). Irrespective
of the grafting protocol employed, complete defect
fill could not be predictably accomplished. Augmen-
tation of fenestration-type defects was accompanied
by fewer membrane exposures and infectious com-
plications than augmentation of dehiscence-type
defects (2.5% vs 13.7%). When fenestration-type
defects are augmented, the augmentation material
can, most often, be placed with a safe distance to the
incision line. This is not the case when dehiscence-
type defects are augmented. Any minor opening in
the suture line may, therefore, lead to exposure of the
membrane or grafting material.

It seems to make no difference whether a resorb-
able or a nonresorbable membrane is used to cover
the defect area.8,13 However, the use of a membrane
may increase the augmented volume as compared to
when no membrane is used.24 Comparable results
were obtained with regard to implant survival and
amount of defect fill when a nonresorbable membrane
alone, autogenous particulate, or DBBM was used to
cover dehiscence-type defects and fenestration-type
defects.

In horizontal ridge augmentations, the use of non-
resorbable membranes seems to provide less gain in
ridge width, increased need for additional grafting
procedures, and higher complication rates as com-
pared to the use of resorbable membranes or no
membrane at all. However, a confounding factor may
be that nonresorbable membranes were mainly uti-
lized to cover granular grafting materials,7,28,29,34,37,38

and only seldom autogenous bone blocks.25,35 Based
on these findings, the most predictable horizontal
ridge augmentation seems to involve an autogenous
block graft alone or in combination with a particu-
lated bone graft or bone-substitute material, with or
without the concomitant use of a resorbable mem-
brane. The included studies did not provide conclu-
sive evidence as to whether or not barrier membranes
protect autogenous bone grafts against resorption.
The same conclusion was drawn by a recent review of
animal and human studies.113 There are some clinical
and experimental data to support the premise that
resorption of autogenous block grafts may be
reduced by combining the block graft with a bone-
substitute material with a low substitution rate.39,114

However, no RCTs have tested this hypothesis.

Implants placed in vertical ridge augmentations
showed very high survival rates (median 100%) after
an average loading time of more than 3 years. The
only RCT contributing to this high implant survival
rate revealed that 32% of the implants did not meet
the success criteria by Albrektsson et al115 after 3
years of function because of crestal bone loss.49 In
addition, a loss of the augmented height of 50% after
10 to 11 years of function was observed in another
long-term study, despite a 100% implant survival
rate.53 Only one study has reported positive results
using a granular grafting material without any space-
keeping mechanisms other than the tenting effect of
the simultaneously placed implants.44 Otherwise,
whenever a granular or particulated grafting material
was utilized for a vertical ridge augmentation proce-
dure, a titanium mesh, a titanium-reinforced mem-
brane, or miniplates were used to protect the
augmented volume. The use of block grafts seemed
to yield more gain in ridge height and a greater
reduction in the need for additional grafting proce-
dures than the use of granular grafts. However, in
contrast to horizontal ridge augmentations, the rate
of dehiscences also seemed to increase with the use
of block grafts. This may be caused by the increased
stretching of the covering soft tissues elicited by the
larger blocks, which may compromise tension-free
primary closure.

Maxillary sinus floor elevation using the lateral
window technique is a predictable treatment proce-
dure with a low complication rate of 4.7% and a
median implant survival rate of 95.5%. It has been
debated whether the use of a barrier membrane to
cover the lateral window increases the implant sur-
vival rate.There seemed to be a tendency toward bet-
ter prognosis when a membrane was used (98% vs
92.7%). If the studies using implants with machined
surfaces were excluded, the survival rates with and
without the use of a barrier membrane were almost
identical. However, it should be noted that by elimi-
nating smooth-surfaced implants, the cases treated
with implants placed simultaneously with trans-
planted autogenous bone blocks from the iliac crest
were also eliminated. The block grafts seem to reduce
the survival rate of implants compared to particu-
lated autografts, and hence might be an important
confounding factor. Therefore, when particulated
autografts or bone-substitute materials are utilized, it
cannot be assumed that the use of a barrier mem-
brane to cover the lateral window will improve the
implant survival rate dramatically.

An arbitrary initial ridge height of 5 mm has often
been mentioned as a threshold for the possibility of
simultaneous implant placement and maxillary sinus
floor elevation. However, several of the included
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studies present favorable results from simultaneous
procedures in initial ridges of 2 to 4 mm.69,73,99,101

Therefore, the decision whether to use a simultane-
ous or a staged approach should be based on an
individual evaluation of bone quantity and quality,
and thus the possibility of achieving primary implant
stability.

Whether autografts improve the prognosis of
maxillary sinus floor elevation procedures is an ongo-
ing discussion. A Cochrane review concluded that
bone-substitute materials may replace autografts in
this indication.3 Data from the present review sup-
port this conclusion. No tendency was observed
toward a lower implant survival rate in sinuses aug-
mented with bone-substitute materials alone (96.1%)
versus augmentation protocols including particu-
lated autogenous bone (95.8%). Another matter of
discussion is whether autografts accelerate the bone
healing within the augmented volume. With the
transplantation of autogenous bone, osteogenic cells
and osteogenic growth factors are brought to the
augmented site.116 This is not the case with bone-
substitute materials. It may, therefore, be anticipated
that the ingrowth of newly formed bone is delayed
with bone-substitute materials compared to auto-
grafts, and that implant placement (in two-stage pro-
cedures) and loading therefore will have to be
postponed. In the included studies reporting on two-
stage procedures, the average healing time from aug-
mentation to implantation was 6.6 months in the
bone-substitute studies and 5.6 months in the stud-
ies where autografts were included. The healing peri-
ods between implant placement and loading were
almost identical (6.5 vs 6.6 months).

Several grafting protocols using autogenous bone
from intraoral donor sites and/or bone-substitute
materials are well documented, with low complica-
tion rates and high implant survival rates. However,
data from maxillary sinus floor elevations with auto-
genous bone blocks from the iliac crest showed a
tendency toward lower survival rates (83.5%), espe-
cially when implants were placed simultaneously
(78.7%). In addition, the surgical procedure is more
complicated and the morbidity is higher.

Maxillary sinus floor elevation using the transalve-
olar approach may be a valid and less invasive sup-
plement to the lateral window technique. A
prerequisite for using this technique is that primary
implant stability can be achieved. In cases where pri-
mary stability cannot be reached, where perforations
of the sinus membrane arise, or where other compli-
cations are observed, the surgeon must be able to
switch to the lateral window technique in order not
to be forced to abort the surgery. In principle, there is
no evidence to recommend a minimum initial bone

height above which a maxillary sinus floor elevation
using the transalveolar approach is feasible. Winter
and coworkers104 presented a mean initial bone
height of 2.9 mm. However, the mean initial bone
height was 6.9 mm as opposed to 3.8 mm in the stud-
ies on the lateral window technique. At present, it is
not clear whether the introduction of a grafting
material improves the prognosis. Maxillary sinus floor
elevation procedures using the transalveolar
approach have been endoscopically controlled.117

Perforations of the sinus membrane were observed
which could not be recognized clinically, and grafting
material was displaced into the sinus cavity. From a
clinical point of view, it may, therefore, be advanta-
geous to use an autogenous material to prevent for-
eign body–related sinus infections.

CONCLUSIONS

A large but heterogeneous body of literature was
available regarding augmentation of localized bone
defects in the alveolar ridges after including all levels
of clinical evidence except expert opinions. Based on
these data it was possible to accept the hypothesis
that survival rates of implants placed in augmented
bone are comparable to those of implants in pristine
bone. The overall level of evidence supporting the
hypothesis lies between level A and level B.

In dehiscence-type defects and fenestration-type
defects, the best documented augmentation proto-
cols are DBBM covered with a membrane, particu-
lated autograft with or without a resorbable
membrane, and a nonresorbable membrane alone.

In horizontal ridge augmentations, the best docu-
mented grafting protocol includes an intraorally
harvested autogenous bone block alone or in com-
bination with DBBM and with or without coverage of
a barrier membrane.

Augmentations in the vertical dimension have
mainly been performed using autogenous bone
grafts, either as intraorally harvested blocks or as par-
ticulate supported by a space-keeping device.

In maxillary sinus floor elevations using the lateral
window technique, the following grafting protocols
may be considered well-documented: coagulum (in
combination with immediate implant placements),
autogenous particulate alone or in combination with
DBBM or DFDBA, DBBM alone or in combination with
DFDBA, and an alloplastic HA alone.

The best documented sinus grafting materials
using the transalveolar approach are coagulum, par-
ticulated autograft, and DBBM.
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