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Purpose: Multiple bone augmentation techniques are available to allow implant placement in the atrophic 

maxilla. However, questions remain, regarding which methods are most predictable and have the best dental 

implant survival rate (SR) in grafted bone. The aim of this systematic review was to evaluate literature 

from the last 30 years to determine predictability of bone grafting of the edentulous maxilla for implant 

placement as well as for implant SR. Materials and Methods: A systematic review was performed of 

studies conducted during the period 1980 to 2014, specifically focusing on the edentulous maxilla and 

bone grafting. Surgical techniques discussed in the publications included were guided bone regeneration 

(GBR), sinus augmentation, onlay bone grafting, nasal floor grafting, and Le Fort I interpositional grafting. 

All identified articles were evaluated and screened to meet strict inclusion criteria of at least 10 patients, 

complete maxillary edentulism, 1-year follow-up, and information regarding implant SR. A total of 974 articles 

were identified with electronic and manual searches. On further evaluation of the titles and abstracts, 44 

articles were excluded. Full texts of the articles that met the inclusion criteria were reviewed, of which 40 

articles were included in the systematic review. Results: For onlay bone grafting, 16 studies were included 

and analyzed, and the weighted mean implant SR was 85.2%. For the GBR technique, two studies were 

included, with a reported SR ranging from 96.1% to 100%. For Le Fort I interpositional grafting, 11 studies 

were included, with a weighted mean SR of 89.6%. For the sinus augmentation technique, 12 studies 

were investigated and the weighted mean SR was 91.5%. For the combination technique, six studies were 

analyzed and the weighted mean SR was 93.6%. Conclusions: All five treatment modalities discussed—onlay 

bone grafting, GBR, Le Fort I interpositional grafting, maxillary sinus augmentation, and/or nasal floor inlay 

grafting or the combination approach—can be successfully used to augment edentulous maxillary ridge with 

high implant SRs. Int J Oral MaxIllOfac IMplants 2016;31(suppl):s19–s30. doi: 10.11607/jomi.16suppl.g1

Key words: bone augmentation, GBR, Le Fort I interpositional grafting, nasal floor grafting, onlay bone 
grafting, sinus augmentation

Dental implant placement for edentulous patients 
has become a common and well-accepted treat-

ment modality. When implant-supported prosthetic 
alternatives are considered, the clinician must evaluate 
the patient for adequate bone volume for implant place-
ment in the desired locations. The success of implant 
procedures and maintenance of long-term stability are 
directly related to the quality and quantity of the sup-
porting bone. Restoring the edentulous maxilla poses 
significant challenges for the treating clinician, especially 
in situations of severe ridge resorption.1–8 Alveolar bone 
resorption may result from trauma, periodontal disease, 
pathology, congenital deformities, ill-fitting prostheses, 
or disuse atrophy from long-term edentulism.5,9–12 It is 
now extremely uncommon to tell patients that they are 
not candidates for dental implants, even when their re-
maining bone is of inadequate quality or quantity. When 
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the residual ridge lacks the necessary bone volume for 
proper implant placement, bone augmentation proce-
dures are one option to be used.

Various grafting procedures and materials are avail-
able to aid the implant surgeon in providing the ideal 
foundation for prosthetic rehabilitation.1,8,13,14 However, 
the edentulous maxilla is particularly challenging with 
regard to augmentation because of anatomic limita-
tions, such as the nasal floor, maxillary sinus, resorption 
pattern, and interarch relationship.4,5 Implant survival 
rates (SRs) are generally lower in the maxilla than in 
the mandible, especially in the posterior maxilla where 
bone quality can be poor.10,15–20 In terms of maxillary 
augmentation techniques, sinus augmentation is the 
most predictable and documented procedure to sup-
port implants, in both short- and long-term studies.21–24 
In addition, many longer-term studies (> 5 years) report 
high SRs and implant stability when more extensive 
grafting is performed in the edentulous maxilla to 
support implants,6,10,13,25,26 with an improvement in 
quality of life, esthetics, and function.6,27 In comparison, 
the management of the severely resorbed edentulous 
maxilla, without grafting to support implants, is a more 
recent technique requiring adequate bone in the anterior 
maxilla. These tilted implants, as well as zygomatic and 
short implant alternatives to avoid grafting, may result 
in less favorable prosthetic designs such as long canti-
levers as well as speech, hygiene, or esthetic issues.28–31 
Although anectodally or preliminarily, implants in the 
edentulous maxilla without bone grafting demonstrate 
high SRs, they are not without technical difficulties and 
side effects. 32–34 It is apparent that more studies are 
needed to document those results with confidence and 
to establish long-term follow-up data.

Augmentation facilitates improved placement for 
prosthetic support and contour, the ability to place 
a greater number of implants, longer- and/or wider-
diameter implants, and less prosthetic cantilever.10,35 In 
cases with shorter implants, higher failure rates have been 
reported.36–40 More recent studies demonstrate similar 
SRs when no grafting is performed, using short or narrow 
implants.41,42 However, long-term implant success and 
prosthetic outcomes in the edentulous maxilla are still 
largely unknown.43–45 Much of the increased failure rates 
observed when extensive bone grafts are performed is 
directly related to the quality and quantity of bone and 
use of machined surface implants.36 Variations in surgi-
cal technique, augmentation materials, and published 
outcomes makes it difficult to compare studies or to 
combine results in a meaningful manner, especially when 
focusing on the edentulous maxilla. Therefore, the aim 
of this systematic review was to evaluate literature from 
the last 30 years to determine predictability for bone 
augmentation in the edentulous maxilla for implant 
placement as well as implant survival.

MATERIALS AND METHODS

Inclusion and exclusion criteria were defined by the au-
thors before beginning the study (Table 1). 

Focus Question
The focus question developed using the PICO (popula-
tion, intervention, comparison, outcome) format was re-
lated to grafting of the edentulous maxilla.

Study Type
Only clinical studies in humans and published in Eng-
lish were accepted for this systematic review. The clini-
cal study had to include a minimum of 10 completely 
edentulous patients, irrespective of the number of 
treated patients for a given therapeutic option. Case re-
ports, review articles, technical notes, and experimen-
tal studies were excluded from the systematic review.

Type and Area of Intervention
Horizontal, vertical, Le Fort I interpositional and nasal 
floor grafting, or sinus bone augmentation had to be per-
formed in the completely edentulous maxilla.

Outcome Parameters and Follow-up Period
Studies were included provided they reported data 
about implant success and/or SRs of implants that 
were placed in conjunction with data on horizontal, 
vertical, Le Fort I procedure, nasal floor grafting, or 
sinus augmentation and that the implants had been 
loaded for a minimum period of 1 year.

Search Strategy
A PubMed electronic search was conducted to iden-
tify the potential articles for inclusion in this system-
atic review. The search included articles from 1980 to 
2014. In addition, the following journals were hand 
searched for potential relevant articles: Clinical Oral 
Implant Research and International Journal of Oral 
and Maxillofacial Implants. Articles were selected 
using the following search terms: (“Edentulous” OR 
“Atrophic”) AND “Maxilla” AND “Augmentation” AND 
“Sinus” “NOT” Partial. This search was combined with 
search terms: “Horizontal” and “Vertical.” Duplicates 
were removed from the search. The authors individu-
ally screened the titles of the articles based on the 
inclusion criteria. If the title or abstract did not allow 
a clear decision to be made about inclusion, the full 
article was obtained. Based on the preselection, the 
full-text articles were then analyzed as to whether 
they met the inclusion criteria, and mutual agree-
ment on the final selection of studies was obtained. 
Furthermore, the references of included studies were 
searched for publications that had not been identi-
fied electronically.
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Search Combination
Search terms included the following: ((“Jaw, 
Edentulous”[Mesh:NoExp] OR edentulous[text word] OR 
atrophic[text word]) AND (“Maxilla”[Mesh] OR maxilla[text 
word])) AND (“Oral Surgical Procedures”[Mesh] 
OR graft*[text word] OR “bone regeneration”[text 
word] OR “guided bone regeneration”[text word] OR 
transplantation[MESH] OR transplantation[subheading]) 
OR ((bone[text word] OR vertical[text word] OR 
sinus[text word] OR “horizontal”[text word]) 
AND augmentation*[text word])) NOT partial* NOT 
(animals[mh] NOT humans[mh].

Data Extraction
Articles were evaluated exactly as published, and no ad-
ditional reference or contact with authors was sought. 
The two reviewers independently extracted the data from 
the selected publications. The following information was 
collected from the publications:

• Study design
• Comparison group
• Randomization
• Masking (single, double, not possible)
• Time of follow-up
• Number of patients
• Number of patients with edentulous maxillae
• Number of subject dropouts
• Number of implants
• Number of implants in edentulous maxillae
• Health condition
• Grafting technique
• Implant length
• Implant diameter
• Implant system
• Type of prosthesis
• Healing period
• SR
• Data analyses and statistics

The method used for meta-analysis in this article 
was previously reported by another systematic re-
view.46 The primary outcome was the implant SR. The 
pooled weighted mean and the 95% confidence inter-
val (CI) of each technique were estimated using a com-
puter program (Comprehensive Meta-analysis Version 
2, Biostat). Random-effects meta-analyses of the se-
lected studies were applied to minimize potential bias 
caused by methodologic differences among studies. 
Forest plots were produced to graphically represent 
weighted mean and 95% CI for primary outcomes in 
the studies included. The number of implants placed 
was used as the analysis unit for primary outcome. 
In addition, heterogeneity among studies was as-
sessed with the chi-square test, with a value of P < .05 

representing significant heterogeneity. The reporting 
of these meta-analyses adhered to the Preferred Re-
porting Items for Systematic Review and Meta-Analy-
ses (PRISMA) statement.47

RESULTS

Of the 89 studies evaluated based on titles and abstracts, 
44 were excluded because of lack of 12-month follow-
up, lack of reporting of implant SRs, inclusion of a large 
number of partially edentulous patients, or duplicate pa-
tients from previous studies (Fig 1). After full-text screen-
ing, another five studies were further excluded for data 
extraction and meta-analysis because of insufficient data 
reported. When evaluating the level of evidence for ar-
ticles included, most were retrospective case series, or 
level II-3 studies without a concurrent or historical con-
trol group.48 Many of these studies, however, had large 
numbers of patients, collected clinically relevant infor-
mation, and reported patient-centered outcomes. Some 
studies also included control or nongrafting groups, con-
ducted split-mouth studies, or randomized treatment 
allocation (Fig 2).

Table 1 The Systematic Search Strategy Used 
in the Current Review

Focus question: Grafting the edentulous maxilla

Search strategy Population: Patients with completely 
edentulous maxilla

Intervention or exposure: Vertical 
ridge augmentation, horizontal ridge 
augmentation, sinus augmentation; 
implants; grafting materials

Comparison: Grafting techniques; 
implant survival vs none

Outcome: Survival rate

Filters(language): English

Database search Electronic: PubMed (English)

Hand searched: Clinical Oral Implant 
Research and International Journal of 
Oral and Maxillofacial Implants

Selection criteria Inclusion criteria

10 patients

Implants placed with 12 months of 
follow-up

Human studies only

English language

Exclusion criteria

Animal studies

< 10 patients

< 12 months of follow-up
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Much importance has been placed on validating cur-
rent therapies, especially with regard to implant dentistry. 
An increasing number of studies are now available to 
evaluate grafting success rate as well as implant survival. 
This is demonstrated in the distribution of studies from 
1990 to the present (Fig 3). The number of studies has 
been increasing overall, especially those with very long-
term follow-up. A detailed examination of the articles 
included revealed that few studies included patients with 
sinus augmentation as the only grafting technique. Most 
of the completely edentulous patients requiring sinus 
grafting also had severe anterior maxillary atrophy, which 
required either an onlay graft or a nasal floor (or inlay) 
graft. This is not surprising, because the length of time 
for which the patients were edentulous in these studies 
was often greater than 10 to 20 years. A combination of 
techniques was by far the most common, such as Le Fort 
I interpositional grafts that were combined with onlay 
grafts, or buccal guided bone regeneration (GBR) that 
was combined with sinus augmentation or nasal inlay 
grafts (Fig 4).

Onlay Bone Grafting
Scientific evidence for onlay bone grafting of the com-
pletely edentulous maxilla was provided by 16 (12 ret-
rospective, 3 prospective, and 1 concurrent controlled) 
studies.3,8,13,14,36,38,49–59 These clinical studies included 
data from 515 patients in which 2,446 implants were 
placed. The follow-up period ranged from 1 to 12 years. 
The studies were heterogenous in nature including vari-
ous graft donor sites, simultaneous and staged implant 
placement, machine and textured implant surface types, 
and prosthetic designs. The majority of maxillae were 
reconstructed with iliac bone grafts but cranial and rib 
grafts were also used. The reported SRs of implants 
in maxillary onlay bone grafts ranged from 73.3% to 
100%. Lower implant survival was associated with a ma-
chined implant surface (73.3%–91%) or simultaneous 

graft-implant placement (73.8%–91%) compared with 
a staged approach (85.7%–100%) or textured surface 
implants (88.9%–100%). The prosthesis stability ranged 
from 75% to 100%. The marginal bone levels around the 
implants ranged from 1.49 to 4.80 mm.3,13,36,49,51,52 Great-
er bone loss was associated with simultaneous implant 
placement and long conical neck machined implants.

Of the 16 studies included, which used the onlay bone 
augmentation technique for ridge augmentation, the 
weighted mean SR was 85.2% (95% confidence interval 
[CI] = 80.8%–88.8%, Fig 5). The P value was .01 with the 
chi-square test, which represented a moderate to high 
heterogeneity among studies.

GBR
Only two studies included scientific evidence for GBR. 
One study60 included 14 patients with 75 implants. After 1 
year of loading, an SR of 100% was seen in all groups (no 
graft, autogenous bone with anorganic bovine bone, or 
autogenous bone with bone ceramic). The other study14 
was a retrospective one including 26 patients with 5-year 
follow-up data, which compared iliac crest bone graft 
with demineralized freeze-dried bone allograft. The SR 
in iliac crest bone grafts was 96.1% compared with a 
98.7% SR in demineralized freeze-dried bone allografts, 
with the differences between the two graft materials 
not significant.

These two studies that used the GBR technique were 
not included in the meta-analysis because their limited 
number precluded a meaningful meta-analysis.

Le Fort I Interpositional Grafting
Scientific evidence for Le Fort I interpositional grafting 
was included in 11 studies (seven retrospective case 
series, three prospective case series, and one prospec-
tive concurrent controlled study). These clinical stud-
ies included data from 250 patients with edentulous 
maxillae. Here, 1,588 implants with a follow-up of 1 

Fig 1  Flow chart showing the selection process of the current review. 

Excluded studies 
n = 885

Excluded studies 
n = 44

Excluded studies 
n = 5

Initial search 
n = 974

Included abstracts and titles 
n = 89 (first selection)

Screening full texts 
n = 45 (second selection)

Studies available for final 
data abstraction 

n = 40
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to 12 years demonstrated an SR between 68.3% and 
96.6%.5–7,10,13,26,37,61–66 One study reported that greater 
implant failure rate was associated with shorter implant 
length.37 Three studies compared the implant SR be-
tween the Le Fort I grafting technique and combination 
(onlay and sinus augmentation) technique, of which two 
studies7,66 reported a higher implant SR for the combina-
tion technique. The prosthesis stability ranged from 75% 
to 100%. The marginal bone levels around the implants 
ranged from 0.3 to 3.1 mm.5,10,61,64,65

For studies using the Le Fort I interpositional grafting 
technique for ridge augmentation, the weighted mean 
SR was 89.6% (95% CI = 85.5%–92.7%; Fig 6). P = .24 with 
the chi-square test, which represented a low heteroge-
neity among studies.

Sinus Augmentation/Nasal Floor Inlay Grafting
Scientific evidence for sinus augmentation18,31,43,56,67–71/
nasal floor inlay grafting50,54,72 was provided by 12 stud-
ies. These clinical studies included data from 561 pa-
tients with edentulous maxillae with 4,860 implants. The 
follow-up period ranged from 1 to 11.5 years, and the im-
plant SR ranged from 75.2% to 99.1%. The marginal bone 
level changes around the implants ranged from 0.43 to 

4.2 mm.43,67,69,71 Two studies compared implants placed 
in grafted vs nongrafted bone.18,43 Of these two studies, 
Pieri et al43 reported that grafted (posterior) vs native 
bone (anterior) comparisons showed 98.7% survival and 
success at 1 year (97.7% test and 100% control implants). 
Johansson et al18 reported a cumulative implant success 
rate of 75.3% in grafted areas and 82.2% in nongrafted 
sites. Rickert et al71 compared anorganic bovine bone 
with either bone marrow aspirate or autogenous bone 
and reported an implant SR of 91% vs 100%, respective-
ly.71 Another comparative study with anorganic bovine 
bone vs native bone demonstrated a 98.7% survival in 
the posterior maxilla (graft) compared with a 100% sur-
vival in the anterior maxilla (native bone).31 Zinser et al70 
performed a regression analysis and summarized that 
significant implant failure predictors include the graft 
material used, residual crestal bone height, American 
Society of Anesthesiologists class, surgical technique, 
implant proximity, smoking, and age.

For the 12 studies using sinus augmentation and/or 
nasal floor inlay grafting techniques, the weighted mean 
SR was 91.5% (95% CI = 86.4%–94.8%; Fig 7). P = .43 with 
the chi-square test, which represented a low heteroge-
neity among studies.

Fig 2  Bar chart representing the design of the studies included.

Fig 4  Circle chart representing the techniques studied in the 
current review.

Fig 3  Line chart representing the year of publication of the 
studies included.
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Combination Grafting
Scientific evidence for onlay-sinus graft or GBR-sinus graft 
was provided by six studies (three retrospective case 
series, two case series, and one prospective concurrent 
controlled study). These clinical studies included data 
from 166 patients who had edentulous maxillae with 963 
implants and had follow-up periods of 19 to 72 months.

The reported implant SRs in the six studies ranged 
from 75.1% to 100%. One study reported8 that implant 
SR in the grafted sites was 75.1% compared with 84% in 
nongrafts. Higher failure of implants was seen after onlay 
grafting (37%) compared with inlay grafting (24.9%), 
with a marginal bone loss of 3.3 mm in grafted bone 

vs 2.9 mm in native bone.8 Another study66 included 
three study groups that received the Le Fort I technique, 
onlay bone grafting in combination with sinus augmenta-
tion, and GBR in combination with sinus augmentation, 
and reported implant SRs of 95.8%, 94.7%, and 100%, 
respectively.

The meta-analysis of SR excluded the study group that 
received GBR in combination with sinus augmentation66 
because of the different study designs. The weighted 
mean SR was 93.6% (95% CI = 84.6%–97.5%; Fig 8). P = .26 
with the chi-square test, which represented low hetero-
geneity among studies.

Study N SR (%) Lower Limit Upper Limit Weight %

Isaksson et al (1993)62 41 w 52.7 80.6 9.65

Karekmanov (1995)37 225 86.6 81.5 90.5 11.85

Li et al (1996)63 139 82.0 74.7 87.5 11.48

Yerit et al (2004)64 324 91.0 87.4 93.7 11.87

Hallman et al (2005)65 156 90.4 84.7 94.1 10.69

Chiapasco et al (2007)5 281 94.5 91.1 96.6 10.85

Sjöström et al (2007)10 29 96.6 79.2 99.5 2.89

Nyström et al (2009)61 167 85.0 78.7 89.7 11.54

van der Mark et al (2011)7 54 94.4 84.1 98.2 6.06

De Santis et al (2012)6 124 95.2 89.7 97.8 8.32

Rasmusson et al (2012)66 48 95.8 84.8 98.9 4.80

All 1,588 89.6 85.5 92.7 100.0

0 1.0 2.0

Fig 6  Forest plot representing the weighted mean SR of 89.6% (95% CI = 85.5%–92.7%) for Le Fort I interpositional grafting.

Study N SR (%) Lower Limit Upper Limit Weight %

Adell et al (1990)49 124 75.0 66.6 81.8 8.70

Isaksson (1994)50 47 83.0 69.5 91.3 6.40

Jemt and LeKholm (1995)36 801 85.9 83.3 88.1 9.76

Astrand et al (1996)51 92 75.0 65.2 82.8 8.28

Köndell et al (1996)52 75 73.3 62.2 82.1 8.03

Keller et al (1999)39 204 86.3 80.9 90.4 8.74

Widmark et al (2001)53 101 79.2 70.2 86.0 8.23

Becktor et al (2002)54 145 80.7 73.5 86.3 8.66

Nystrom et al (2002)13 177 74.6 67.7 80.5 9.10

Thor et al (2005)55 152 98.7 94.9 99.7 3.39

Wiltfang et al (2005)56 235 91.5 87.2 94.5 8.37

Contar et al (2009)57 51 100.0 86.3 100.0 1.17

Dahlin and Johansson (2011)14 13 96.1 59.8 99.8 1.13

Sbordone et al (2012)3 31 100.0 74.2 100.0 0.74

Mertens et al (2013a)58 99 88.9 81.1 93.7 7.26

Mertens et al (2013b)59 99 99.0 93.2 99.9 2.04

All 2,446 85.2 80.8 88.8 100.0
0 1.0 2.0

Fig 5  Forest plot representing the weighted mean SR of 85.2% (95% CI  = 80.8%–88.8%) for the onlay bone grafting technique.
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Study N SR (%) Lower Limit Upper Limit Weight %

Isaksson (1994)50 36 86.1 70.7 94.1 7.49

Jensen et al (1994)72 152 88.8 82.7 92.9 9.01

Johansson et al (1999)18 129 75.2 67.0 81.9 9.29

Hising et al (2001)67 231 80.5 74.9 85.1 9.45

Becktor et al (2002)54 353 80.5 76.0 84.3 9.57

Wiltfang et al (2005)56 349 94.6 91.7 96.5 9.12

Chiapasco et al (2008)68 2,037 96.6 95.7 97.3 9.61

Scarano et al (2010)69 264 94.3 90.8 96.5 8.96

Pieri et al (2012)43 90 97.7 91.5 99.4 5.91

Hernández-Alfaro et al (2003)31 108 99.1 93.7 99.9 4.12

Zinser et al (2013)70 1,045 93.3 91.6 94.7 9.61

Rickert et al (2014)71 66 91.0 81.3 95.9 7.87

All 4,860 91.5 86.4 94.8 100.0

0 1.0 2.0

DISCUSSION

Systematic reviews carry the highest level of evidence 
to evaluate specific treatment protocols, and serve 
to make sense of a large body of literature.48 In this 
review, implant survival was evaluated after bone 
grafting procedures were performed in edentulous 
maxillae for implant site development. Although a 
large body of literature exists, studies were not in-
cluded if they were case reports, had fewer than 10 
patients, or had follow-up periods of less than 1 year 
after implant loading.

Studies that met the inclusion criteria included 
those that performed sinus augmentation, onlay bone 
grafting, GBR, nasal floor grafting and Le Fort I inter-
positional grafting procedures. Most studies reported 
implant SRs comparable to those seen when bone 
grafting was not performed. Although dental implant 
survival was used in this systematic review to deter-
mine bone augmentation success, this evaluation 

criterion has several limitations. Implant failure can oc-
cur independent of augmentation success. Often the 
baseline situation of the patient (degree of atrophy, 
bone quality) is not identified in the study. As such, 
patients who require more complex augmentation 
techniques (severe atrophy) may have implant SRs that 
are lower than less demanding procedures. If the result 
of the augmentation is compromised, the implant 
size may have been modified to accommodate the 
conditions, unknown to the reader. If the graft failed, 
then no implants would have been placed. If the im-
plant surface is not identified (eg, machined), a lower 
implant SR may be interpreted as having low aug-
mentation success. In addition, implant survival may 
be a function of the residual native bone supporting 
the implant rather than the grafted bone.73 Although 
there are disadvantages in relying on implant survival 
to measure augmentation success, this is one of the 
few parameters that gets consistently reported to al-
low comparison between studies. 

Fig 7  Forest plot representing the weighted mean SR of 91.5% (95% CI = 86.4%–94.8%) for sinus augmentation and/or nasal floor 
inlay grafting.

Fig 8  Forest plot representing the weighted mean SR of 93.6% (95% CI = 84.6%–97.5%) for the combination technique.

Study N SR (%) Lower Limit Upper Limit Weight %

Becktor et al (2004)8 437 75.1 70.8 78.9 23.92

Sjöström et al (2007)10 163 88.3 82.4 92.4 22.88

van der Mark et al (2011)7 86 97.7 91.2 99.4 16.12

Rasmusson et al (2012)66 38 94.7 81.2 98.7 16.05

Castanga (2013)111 120 100.0 90.1 100.0 4.80

Cordaro et al (2013)86 81 97.5 90.6 99.4 16.23

All 925 93.6 84.6 97.5 100.0

0 1.0 2.0
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Additional information determined from many studies 
included implant success, graft resorption, prosthetic 
success, marginal bone measurements, mean bone gain 
or loss after grafting, implant stability, patient satisfac-
tion, cost analysis, surgical complications, medical risk 
factors, and peri-implant parameters such as bleeding, 
plaque index, and pocket depths. A large amount of 
data was obtained and analyzed, but few studies directly 
compared specific treatment protocols or grafting tech-
niques, or had control groups. This makes it difficult to 
generalize to large patient populations or draw defini-
tive conclusions.

It is well accepted that survival is higher when im-
plants are placed in native bone.8,17,43,74–76 However, 
when inadequate bone does not allow implants to be 
placed in the proper prosthetic position or even to be 
placed at all, it is unclear whether implant survival in 
those cases will be similar to implants placed in grafted 
bone. Even in cases with enough bone for implant place-
ment, GBR may be performed on the buccal side of the 
ridge to augment a thin cortex or implant dehiscences 
or to improve esthetic outcomes.43,60 A dehiscence or 
thin buccal plate can lead to bone resorption and soft 
tissue recession.43

The most predictable and well-documented bone 
grafting technique is maxillary sinus augmenta-
tion.22–24,73 In the edentulous maxilla, pneumatization 
of the maxillary sinuses is common. In these cases, sinus 
augmentation can be performed alone or in combination 
with anterior grafting procedures such as onlay graft-
ing and nasal floor augmentation.8,37,67,71,77–79 Implant 
SRs in edentulous maxillae after sinus grafting are high, 
regardless of whether autogenous bone is used alone, in 
combination with xenograft, or xenograft alone.9,67,71,77 
This approach avoids the significant posterior cantilever 
of tilted anterior implants, the technical difficulties and 
complications of zygomatic and pterygoid implants, 
and the concern for lack of long-term data for both 
procedures.28–30,53,80–82

Maxillary sinus grafting and horizontal bone augmen-
tation are predictable techniques associated with high 
implant SRs. Vertical ridge augmentation poses greater 
challenges. Although there are several methods for ver-
tical augmentation, this review only investigated onlay 
bone grafting and interpositional grafts. Surgical com-
plexity, donor site morbidity, graft stability under denture 
loading, graft resorption, and the degree of long-term 
fixation of implants in residual native bone are factors that 
need to be considered.1,3,52 The use of a denture during 
onlay graft healing can cause wound dehiscence, graft 
displacement, graft resorption, and implant failure. Mini-
mal use of the denture and a soft diet is encouraged until 
the graft becomes incorporated after 4 months. Higher 
implant failure has been observed when the edentulous 
maxilla is grafted against opposing natural dentition.79

Several factors may affect the amount of graft 
resorption during healing. Autogenous bone graft 
remodeling is necessary for incorporation to the osse-
ous recipient site. Bone grafts inserted between oste-
otomized segments (interpositional grafts) resorb less 
than onlay grafts placed outside the bone contour.83 
Vertical bone grafts are more technically demanding 
and subject to greater volume loss than horizontal 
augmentations.84 The osseous microarchitecture of 
the graft will also influence graft healing. Denser cor-
tical grafts, from the calvarium or mandible, tend to 
resorb less than those containing a greater cancellous 
component, such as the iliac crest.58,85,86 When using 
iliac bone, it may be prudent to overbuild the recon-
structed ridge in anticipation of volume loss on heal-
ing. Reconstruction of the atrophic maxilla is usually 
staged with implant placement after graft healing to 
allow for remodeling. Enough time should elapse for 
graft incorporation, but implants should be inserted 
early enough to stimulate and maintain the regener-
ated bone.87 Most studies report that the majority of 
the resorption occurs within the first year and is low 
thereafter.85,88–90 Although the degree of iliac bone re-
sorption can be variable and in some cases significant, 
it does not appear to be detrimental to long-term den-
tal implant survival.1,3,88,89,91 Several studies document 
minimal marginal bone loss after implant placement 
and loading in grafted sites.53,92 This may be a factor of 
implant surface and/or design.91,93

The use of a barrier membrane, titanium mesh, or 
slow resorbing bone substitute has been suggested to 
protect onlay bone grafts from resorption. Although 
some studies have found that membranes have a 
positive influence on graft healing, others dispute 
their significance.94,95 Titanium mesh maintains space 
but is usually used with particulate cancellous bone 
for ridge augmentation.96 Bovine hydroxyapatite has 
been found to reduce graft loss when placed over and 
around autograft blocks.97 As previously discussed, it is 
also important to limit graft loading by the upper com-
plete or partial denture during graft healing.

Vertical augmentation continues to be one of the 
most challenging problems in implant dentistry today. 
Therefore alternative therapies continue to be investi-
gated to avoid classic onlay grafting, such as distrac-
tion osteogenesis, interpositional graft, and growth 
factors with titanium mesh or other rigid scaffolds. Sev-
eral studies on maxillary onlay autogenous bone grafts 
report lower implant SRs. Several variables can account 
for this finding. The most significant is the use of ma-
chined surface dental implants. During the develop-
mental and early routine periods of reconstructing the 
severely atrophic maxilla, machined surface implants 
(Brånemark) were used with iliac bone grafts.25,36 The 
lower survival of machined surface implants in the 
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maxilla and poorer quality bone is well document-
ed.19,36,98 The use of textured surface implants in onlay 
bone grafts can provide implant SRs similar to those 
seen in native bone.99 Along with implant survival, 
crestal bone resorption also varies in machined vs en-
hanced implant surfaces. Studies show large variabil-
ity, ranging from 0.04 to 2.7 mm with different implant 
macro- and microdesigns.9,100,101 Most crestal bone 
loss occurs within the first year of function, and may be 
lower with rough surface implants.98,102

Simultaneous placement of dental implants in max-
illary block autografts also has a much lower SR than 
staged insertion after graft healing (79.3% vs 93.4%).103 
This approach was used initially in an attempt to fix 
the bone graft, decrease the number of surgeries, 
and shorten treatment length. A staged technique 
is preferred, allowing the bone graft to remodel and 
incorporate before implant insertion. The type of bone 
graft and its inherent quality can also influence implant 
survival. Bone harvested from the iliac crest has a thin 
outer cortex and a thicker cancellous layer. Bone grafts 
from the calvarium or mandibular donor sites are 
mainly cortical and denser. Implant survival in calvarial 
and mandibular bone grafts is often higher than iliac 
bone augmentations.58,99 Many of the early studies 
on maxillary reconstruction used machined implants 
placed simultaneous with iliac bone grafts—a combi-
nation of variables that often produced poor results. 
Contemporary protocols for managing the atrophic 
maxilla typically involve onlay bone grafting followed 
by the placement of moderately rough surface im-
plants 4 to 6 months later.

Onlay grafting has been shown to improve implant 
survival in long-term studies.36 Depending on the skel-
etal relationship and maxillary resorption pattern, on-
lay or inlay (interpositional) grafts may be performed.26 
Le Fort I interpositional grafting addresses both bone 
volume and interarch relationship problems that are 
common in the long-term edentulous patient, but 
pose significant challenges such as hospitalization, 
long operating time, general anesthesia, and usually 
a secondary site for autogenous bone harvest.104 In 
addition, implant SRs are often less than ideal, ranging 
from 81% to 98.5%.6,10,36,49,104 These higher SRs may be 
the result of enhanced implant surfaces.6,9,105,106

Results from the present systematic review dem-
onstrate the challenges in treating the atrophic eden-
tulous maxilla. Bone grafting, including all techniques 
described herein, is an effective way to provide ad-
equate support for prosthetically driven implant place-
ment. Although studies from almost 30 years ago exist, 
some with long-term follow-up, it is still difficult to 
draw definitive conclusions. Several additional surgi-
cal procedures did not have adequate publications 
that fit the inclusion criteria. Bone augmentation may 

also be performed with protected bone regeneration 
using scaffold techniques (ie, titanium mesh grafting), 
horizontal ridge expansion (splitting), and distraction 
osteogenesis. One major limitation of this systematic 
review is the lack of uniform data reporting in pub-
lished studies. In general, implant SR per implant is 
reported rather than implant survival per patient. With 
this method of reporting, each implant is counted indi-
vidually, whereas each patient should be counted in-
dividually. Of course this would significantly decrease 
the SR, and would make it difficult to compare results 
with those found in existing literature. However, it 
would give a more accurate and statistically meaning-
ful representation of implant failure. Moreover, most 
studies still report implant survival and not success. 
Just as previous systematic reviews on bone grafting 
for implant placement have concluded, implant sur-
vival that shows the implant to be simply in the mouth 
is not adequate information for clinicians or patients. 
Increased demands on marginal bone levels, function, 
and esthetics, just to mention a few parameters, are 
generally not included in the literature.73 It is impor-
tant to go beyond survival to include basic success 
criteria, such as absence of pain, dysesthesia, paresthe-
sia, subjective complaints, absence of infection with 
suppuration, absence of implant mobility, absence 
of continuous radiolucency around the implant, and 
bone loss of less than 1.5 mm in the first year followed 
by 0.2 mm per year.107,108

Follow-up data are also extremely important when 
evaluating the implant literature. Many studies, es-
pecially those describing the more recently devel-
oped techniques, do not have the same stringent 
criteria or follow-up time. Because most of the bone 
graft resorption associated with many grafting tech-
niques occurs during the first 12 to 24 months,10,26,79 
a 12-month period was chosen as the minimum 
implant follow-up point. As we delved more into the 
full texts of the articles included, it was often difficult 
to decipher which patients and which implants failed 
in the specific treatment groups. This was especially 
challenging when studies included both completely 
and partially edentulous patients. These methodologic 
issues are well known in the implant literature, and 
have previously been identified.73,109,110 Many stud-
ies followed patients for several years and contained 
important information on long-term implant survival.  
However, because these implants were placed in the 
1980s, 1990s, or early 2000s, machined surface im-
plants were used. Most implants placed today contain 
enhanced or roughened surfaces, therefore the results 
may not apply directly to our current practices. This is 
not surprising, however, because the field of implant 
dentistry and related technology and procedures are 
always evolving.
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CONCLUSIONS

Within the limitations of this systematic review and 
analysis, all five treatment modalities discussed here, 
such as onlay bone grafting, GBR, Le Fort I interposi-
tional grafting, maxillary sinus augmentation, and/or 
nasal floor inlay grafting or the combination approach 
can be successfully used to augment edentulous max-
illary ridge with high implant SRs.
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