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Aims: Bone substitute materials (BSM) are described as a reasonable alternative to autologous bone 
(AB) to simplify the grafting procedure. In a systematic review and meta-analysis, the influence of 
BSM compared to AB on treatment success in augmentation procedures of the edentulous jaw was 
analysed.
Material and methods: Literature analysis resulted in only two studies addressing reconstruction of 
the totally edentulous jaw using BSM. Therefore the literature analysis was extended to partially 
and totally edentulous jaws. The following augmentation procedures were analysed: maxillary sinus 
floor augmentation (MSFA) and vertical and/or lateral alveolar ridge augmentation; guided bone 
regeneration (minor and contained defects) were excluded. Meta-analysis was implemented using 
the literature from the years 2000 to early 2014 and only studies with a mean follow-up of at least 
10 months were included. 
Results: After screening 843 abstracts from the electronic database, 52 studies in qualitative and 14 
in quantitative synthesis were included. In studies examining MSFA, the mean implant survival rate 
was 98.6% ± 2.6 for BSM, 88.6 ± 4.1% for BSM mixed with AB and 97.4 ± 2.2% for AB alone. For 
MSFA, meta-analysis showed a trend towards a higher implant survival when using BSM compared 
to AB, however the difference was not statistically significant ([OR], 0.59; [CI], 0.33–1.03). No stat-
istically significant difference in implant survival for MSFA between BSM mixed with AB and AB was 
seen ([OR], 0.84; [CI], 0.5–1.42). Concerning ridge augmentation, the mean implant survival rate 
was 97.4 ± 2.5% for BSM, 100 ± 0% for BSM mixed with AB and 98.6 ± 2.9% for AB alone. Meta-
analysis revealed no statistically significant difference in implant survival for ridge augmentation using 
BSM or AB ([OR], 1.85; [CI], 0.38 to 8.94). For BSM mixed with AB versus AB alone, a meta-analysis 
was not possible due to missing data. 
Conclusions: Within the limitation of the meta-analytical approach taken, implant survival seems to 
be independent of the biomaterial used in MSFA and alveolar ridge augmentation. Therefore, based 
on the current literature, there is no evidence that AB is superior to BSM. The conclusions are limited 
by the fact that influence of defect size, augmented volume and regenerative capacity of the defects 
is not well described in the respective literature.

Conflict of interest statement: There are no commercial or other associations that might create a 
duality of interests in connection with the article.
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 Introduction

Management of partially or totally edentulous 
patients with implants has been a routine treat-
ment modality for decades, with reliable long-term 
successes1-6. The predictability of the implant sur-
vival and the maintenance of long-term stability of 
implants in function are directly associated with the 
quality and quantity of the available bone for im-
plant placement7. In the case of alveolar ridges with 
insufficient bone volume or unfavourable vertical, 
horizontal or sagittal intermaxillary relationships, 
additional surgical procedures can be necessary to 
reconstruct and augment the deficiency. 

The physiological properties of bone grafts and 
bone substitute materials (BSM) are often described 
by the terms osteoinductivity, osteoconductivity 
and osteogenicity. Osteoinductivity is the capability 
of a graft to actively promote bone formation8,9. 
Osteoconductivity is a characteristic of the scaffold 
that facilitates the colonisation and ingrowth of new 
bone cells and sprouting capillaries by reason of its 
three-dimensional structure. Osteoconduction is by 
definition a passive process and primarily destined by 
the porosity properties of the scaffold and in a lower 
degree by its chemical and physical properties that 
stimulate adhesion and cell growth10. Osteogenic-
ity is referred to the presence of bone-forming cells 
within the bone graft11.

Autogenous bone (AB), with its osteogenic, 
osteoinductive and osteoconductive characteristics, 
is often considered as the gold standard in bone re-
generation procedures2,12. It contains osteoblasts, 
osteoclast precursor cells, undifferentiated mesen-
chymal cells and monocytes, which promote the 
remodelling and formation of new bone13,14. How-
ever, donor site morbidity, limited quantities avail-
able, unpredictable graft resorption and the need 
to include additional surgical sites are unavoidable 
disadvantages that have encouraged the search for 
BSM as convenient alternatives15,16.

There are a variety of BSM available with dif-
ferent biological and mechanical properties. They 
can be categorised in the following three groups: 
(1) allogenic, from another individual within the 
same species; (2) xenogenic, from another species; 
and (3) alloplastic, synthetically produced (Jensen, 
2009). Chemical compositions range from biological 

apatites, monophasic calcium phosphates (tricalcium 
phosphates, hydroxyapatites [HAs]) and silicates to 
bi- and more-phasic mixed ceramics13. To date, there 
is no BSM commercially available that is equal to AB 
regarding its osteoinductive characteristics. In fact, 
BSM primarily serves as filling and scaffold building 
substances, mostly providing osteoconduction for 
the bone healing process12,17,18. However, there is 
strong clinical evidence that BSM can still be used 
successfully in augmentation procedures2,12,19. 

A multiplicity of augmentation procedures, 
depending on location and size of defect, are used 
to provide the osseous support necessary to allow 
placement of implants. In continuation of the study 
of Klein et al12, the following classification of aug-
mentation procedures was applied in the present 
review: (1) maxillary sinus floor augmentation 
(MSFA), including the lateral window technique and 
the transalveolar approach (‘external’ or ‘internal’ 
sinus lift); and (2) vertical and/or lateral alveolar 
ridge augmentation of different dimensions, includ-
ing peri-implant defects in the form of dehiscence-
type defects and fenestration-type defects.

The aim of the present systematic review and 
meta-analysis was to assess the clinical outcome of 
different graft materials used in augmentation pro-
cedures of the edentulous jaw.

 Material and methods

 Protocol development

The study protocol was designed according to the 
PRISMA (Preferred Reporting Items for Systematic 
Review and Meta-Analyses) statement as described 
before20-22. In the context of the consensus confer-
ence ‘Patient centered rehabilitation of edentulism 
with an optimal number of implants’ (Foundation 
for Oral Rehabilitation (F O R) at the University of 
Mainz, 2014), the original objective of this study 
was to evaluate the clinical outcome of augmenta-
tion procedures using bone substitute materials or 
autogenous bone in totally edentulous patients. The 
initial search for primary literature showed that only 
very few studies have been published on this spe-
cific topic23,24. Therefore, the literature search was 
expanded on augmentation procedures in partially 
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edentulous patients. With reference to the PICO 
format (Patient, Intervention, Comparison and Out-
come), the following focused question was devel-
oped25: ‘In partially and totally edentulous patients 
treated with dental implants and augmentation pro-
cedures, are there any differences in terms of implant 
survival between BSM compared to AB?’ Bone aug-
mentation procedures were classified into MSFA and 
vertical and/or lateral alveolar ridge augmentation as 
described before12. Minor augmentation procedures 
of contained defects (‘guided bone regeneration’) 
were excluded.

 Literature research and meta-analysis

The current review was based on a study by Klein 
et al12 that had already revised the literature on 
the present topic for the years from 2000 to 2010. 
This study was built upon by performing an exten-
sive electronic search in the electronic databases of 
the National Library of Medicine for articles pub-
lished between January 2010 and January 2014 to 
identify literature presenting implant survival data 
in augmentation procedures using BSM or AB. In 
addition, the reference lists of related review arti-
cles and publications were systematically screened. 
The search was completed with an additional hand 
search of selected journals and reviews. However, 
to improve the quality of this study, a meta-analysis 
was performed using the literature of the years 2000 
to 2014. For the meta-analysis, only studies with a 
mean follow-up of at least 10 months were included. 

 Search terms

The search strategy included the following key 
words: ‘bone substitute materials’; ‘dental/oral 
implants’; ‘augmentation’; ‘implant survival’, ‘sinus 
floor elevation’; ‘vertical ridge augmentation’; ‘hori-
zontal ridge augmentation’. The literature research 
was completed using the following MeSH Terms 
(Medical Subject Heading): (‘dental implants’ [Mesh] 
OR ‘dental implantation’ [Mesh] OR ‘oral implants’ 
[Mesh]) AND (‘augmentation’ [Mesh] OR ‘vertical 
ridge augmentation’ [Mesh] OR ‘horizontal ridge 
augmentation’  [Mesh] OR ‘sinus floor elevation’ 
[Mesh]) AND (‘clinical outcome’ [Mesh] OR ‘implant 
survival’ [Mesh]). 

 Inclusion criteria

All studies retrieved from the above search were 
screened on the basis of titles and abstracts. Screen-
ing and selection of studies for inclusion were carried 
out according to the following inclusion criteria:
1. Randomised controlled clinical trials (RCT), con-

trolled clinical trials (CCT), prospective studies 
(PS) and retrospective studies (RS) on the topic 
of extended augmentation procedures with BSM 
or autogenous bone in partially and totally eden-
tulous patients.

2. Use of a BSM or AB.
3. Inclusion of  ≥ 10 subjects.
4. Published in English. 
5. Documentation of the implant survival rate after 

a defined period of time.

Only solid, granular BSM of alloplastic, xenogenic 
or phycogenic origin were included. As growth fac-
tors and platelet rich plasma were not part of the 
objectives of this study, all studies including those 
substances were excluded.

 Study selection

The abstracts derived from this extensive search were 
independently screened by the two authors based 
on the inclusion criteria. For all abstracts meeting the 
inclusion criteria, full texts were requested for in-depth 
evaluation and further data extraction. Any disagree-
ment on study selection was resolved by discussion. 
Data was extracted using structured data extraction 
forms. The PRISMA flow diagram shows the flow of 
information through the different phases of the lit-
erature research (Fig 1). Concerning the quality of the 
selected studies, no prospective randomised studies 
were found on the defined PICO question. Therefore, 
in the present study the best available external evi-
dence was collected as described above in the inclu-
sion criteria. The authors are aware that the risk of bias 
is higher compared with other reviews that include 
only randomised studies. 

 Quality assessment

According to the study of Proskin et al26, six qual-
ity categories were used to analyse the quality of 
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each selected study according to its design: ‘fair’ 
for a retrospective study; ‘average’ for a prospec-
tive case study; ‘good’ for a prospective study with 
historical controls; ‘better’ for a prospective study 
with concurrent controls; ‘best’ for a double-blind 
randomised controlled trial (RCT); and ‘unknown’ 
when the study design could not be ascertained or 
fit none of the definitions.

 Statistical analysis 

The overall estimated effect was considered signifi-
cant if P was <0.05. Meta-analysis was conducted 
using the statistical software package RevMan 
(Review Manager (RevMan) [Computer program]. 
Version 5.2. Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2012) to col-
lect the data, calculate the overall estimated effects 
and to produce the forest plots.

 Results

 Study selection

The electronic search of the databases and the 
manual search resulted in the identification of 978 
abstracts (Fig 1). Sixty-four of these 978 abstracts 
were considered potentially relevant and complete 
texts of these studies were sampled and reviewed. 
Further reference cross-checks generated four addi-
tional publications for a full text analysis. Finally, 
52 methodologically acceptable publications with 
relevant data on implant survival in augmentation 
procedures were selected to be included for inter-
pretation and statistical analysis. These articles were 
further subdivided into two categories according to 
the augmentation procedures: 34 articles reporting 
on MSFA (category I) and 18 articles reporting on 
vertical and/or lateral alveolar ridge augmentation 
(category II) were provided. Hereof, six studies were 
used for meta-analysis on implant survival in MSFA 
and eight studies used for meta-analysis on implant 
survival in ridge augmentation procedures.

 Quality assessment of selected studies

Fifteen of the included studies were RCTs and were 
rated as ‘best’. Three studies were classified as ‘bet-
ter’. Seventeen studies were categorised as ‘aver-
age’, as they were prospective case studies without 
historical or concurrent controls. The remaining 17 
studies were retrospective and were classified as 
‘fair’. In general, both quality and level of evidence 
of the investigated articles were limited. Most of 
the studies were categorised as ‘average’ and ‘fair’. 
However, this review includes 15 RCTs with best 

Fig 1  PRISMA flow diagram.

Records screened 
(n = 876)

Inclusion of the partially and totally endentulous jaw

Records identified through database and manual search  
(n = 978)

Records after duplicates removed  
(n = 876)

Studies included in qualitative synthesis 
(n = 52)

Inclusion of the data of  
Klein et al (2000–2010)

Records excluded 
(n = 812)

Full-text articles assessed for 
eligibility 
(n = 876)

Full-text articles excluded, with 
reasons 

(n = 812)

Qualitative synthesis of MSFA 
(n = 34)

Qualitative synthesis of ridge  
augmentation 

(n = 18)

Quantitative synthesis of MSFA 
(n = 6)

Quantitative synthesis of ridge  
augmentation 

(n = 8)

Primary question: Augmentation procedures using BSM or AB in the edentulous 
jaw (2010–2014) 

(n = 2)
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quality level. Allocation concealment at a high risk 
of bias, lack of reporting characteristics of drop-out, 
missing blind examiners to assess clinical outcomes 
and lack of CONSORT adherence suggests being 
cautious with data interpretation and drawing gen-
eral conclusions derived from these studies.

 Results for MSFA using BSM or AB 

A summary of all studies examining the implant sur-
vival rate in patients receiving MSFA is shown in 
Table 1. Altogether, in the investigated studies 1816 
patients received a total of 4687 implants. The num-
bers of patients ranged between 10 and 461 and 
the age of patients between 21 and 83 years. Sinus 
membrane perforation occurred in 19.2 ± 10.8% 
of the cases. Sinusitis was reported in four stud-
ies. Mean healing periods were 5.5 ± 1.9 months 
for BSM, 5.4 ± 1.3 for BSM mixed with AB and 
4.33 ± 0.57 for AB. 

The mean follow-up was 39.7 ± 34.6 months (a 
range of 4 to 170 months). The mean implant sur-
vival rate of all examined studies (2010 to January 
2014) was 98.6% ± 2.6 for BSM, 88.6 ± 4.1% for 
BSM mixed with AB and 97.4 ± 2.2% for AB alone. 
Implant success was described in eight studies and 
ranged from 91.7% to 100%. 

This study aimed at performing a meta-analysis 
on the implant survival of augmentation procedures 
using BSM or AB. In the literature of the past 14 years 
(2000 to 2014), four studies comparing implant 
survival after MSFA using BSM or AB were found 
(Table 2). Meta-analysis showed a trend towards a 
higher implant survival when using BSM compared 
to AB, however the difference was not statistically 
significant (odds ratio [OR], 0.59; confidence inter-
val [CI], 0.33–1.03; Fig 2). Begg and Mazumdar’s 
funnel plot indicated a low risk for publication bias 
for this meta-analysis (Fig 3). In addition, four stud-

ies comparing implant survival after MSFA using 
BSM mixed with AB or using AB alone were found. 
Meta-analysis of these studies revealed no statistic-
ally significant difference in implant survival between 
the two groups ([OR], 0.84; [CI], 0.5–1.42; Fig 4). 
Begg and Mazumdar’s funnel plot for this meta- ana-
lysis is shown in Fig 5.

 Vertical and/or lateral alveolar ridge 
augmentation using BSM or AB 

Concerning vertical and/or lateral alveolar ridge aug-
mentation, Table 3 shows a summary of all studies 
found in the electronic search. In these studies, 417 
patients received a total of 1216 implants. The num-
ber of patients varied between 11 and 50 and the age 
of patients between 17 and 84 years. Mean healing 
periods were 4.7 ± 1.1 months for BSM, 5.25 ± 1.9 
months for BSM mixed with AB and 5.1 ± 1.4 
months for AB alone. The mean follow-up was 
30.6 ± 27.1 months (a range of 4 to 120 months).  
A mean implant survival rate of 97.4 ± 2.5% 
for BSM, 100 ± 0% for BSM mixed with AB and 
98.6 ± 2.9% for AB alone was seen. Implant success 
was indicated in five studies and ranged from 90.3% 
to 100% (from 2010 to Jan 2014). 

Fig 3  Funnel plot 
calculated for selected 
studies reporting on im-
plant survival in maxil-
lary sinus lift procedures 
using BSM versus AB.

0

0.5

1

1.5

2
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Fig 2  Forest plot 
of implant survival 
in maxillary sinus lift 
procedures using BSM 
(experimental) versus 
AB (control). 

Study or subgroup Experimental Control Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hallmann et al, 2002 2 43 6 33 21.7% 0.22 [0.04, 1.17]

Merli et al, 2013 2 32 0 27 1.7% 4.51 [0.21, 98.07]

Sbordone et al, 2011 0 146 6 136 22.5% 0.07 [0.00, 1.23]

Velich et al, 2004 29 309 12 108 54.1% 0.83 [0.41, 1.69]

Total (95% CI) 530 304 100.0% 0.59 [0.33, 1.03]

Total events 33 24

Heterogeneity: Chi² = 6.04, df = 3 (P = 0.11); I² = 50%

Test for overall effect: Z = 1.84 (P = 0.07)
0.01 0.1 1 10 100
Favours [experimental] Favours [control]
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Table 2  Summary of studies on sinus lift for meta-analysis. 

Study Study 
type

No. of 
patients

No. of  
implants

BSM Preopera-
tive alveolar 
crest height

Mean 
follow-up 
(months)

Implant survival rate 
BSM

Implant survival rate 
BSM + AB

Implant  
survival  
rate AB

Hallman et 
al, 200227

RCT 21 36 DBBM ND 12 96% (2 of 43) 94.4% (2 of 35) 82.4%  
(6 of 33)

Velich et al, 
200430

624 1482 HTR Polymer, 
Algipore, 
Biocoral Gel, 
Cerasorb

2–6 mm >12 HTR Polymer: 89.9% 
(19 of 188) 
Algipore: 88.5%  
(2 of 16) Biocoral 
Ge 93.4% (1 of 15) 
Cerasorb 92.2%  
(7 of 90)

Total: 29 of 309

HTR Polymer: 87.7% 
(29 of 235) 
Algipore: 97.3%  
(1 of 37) Biocoral 
Ge 83.3% (2 of 12) 
Cerasorb 92.6%  
(6 of 81) 
Total: 38 of 365

88%  
(12 of 
108)

Diserens et 
al, 200535

RS 33 44 DBBM 5.78 ± 1.4 15 ND 100% 100%

Cho-Lee et 
al, 201036

RS 119 272 DBBM 6.59 ± 2.11 60.7 ± 
36.5

ND 93.5% (8 of 123) 94%  
(9 of 149)

Sbordone et 
al, 201129

RS 119 282 DBBM ND 24 100% (0 of 146) ND 95.6%  
(6 of 136)

Merli et al, 
201328

RCT 40 59 DBBM 1) 2.0 ± 0.8

2) 2.3 ± 0.9

15 (2 of 32) ND (0 of 27)

Max = maxilla; Man = mandible; ND = no data available or data cannot be separated; PS = prospective study; RS = retrospective study; CSS = 
cross sectional study; ISR = implant survival rate; BSM = bone substitute material; AB = autogenous bone.

Fig 4  Forest plot 
of implant survival 
in maxillary sinus lift 
procedures using BSM 
mixed with AB versus 
AB alone. 

Fig 5  Funnel plot 
calculated for selected 
studies reporting on im-
plant survival in maxil-
lary sinus lift procedures 
using BSM mixed with 
AB versus AB alone.

Fig 7 shows Begg and Mazumdar’s funnel plot for 
this meta-analysis. Three studies comparing implant 
survival after ridge augmentation using BSM mixed 
with AB or AB alone were identified. As all of these 
studies showed in both the experimental as well as in 
the control group, with an implant survival of 100%, 
a meta-analysis of these data was not possible (Fig 8). 

 Discussion

The wide range of graft materials available has pro-
vided numerous alternatives to AB. Therefore, it 
was the aim of this study to analyse the literature 
of the years 2000 to 2014 to identify graft materials 
that provide the best reconstructed osseous ridge 
for successful implant placement and long-term 
function.

0

0.2

0.4

0.6

0.8

1

SE(log[OR])

OR

0.01 0.1 1 10 100

Study or subgroup Experimental Control Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Cho-Lee et al 2010 8 123 9 149 25.3% 1.08 [0.40, 2.89]

Diserens et al 2005 0 22 0 22 Not estimable

Hallmann et al 2002 2 35 6 33 19.4% 0.27 [0.05, 1.46]

Velich et al 2004 38 365 12 108 55.3% 0.93 [0.47, 1.85]

Total (95% CI) 545 312 100.0% 0.84 [0.50, 1.42]

Total events 48 27

Heterogeneity: Chi² = 6.04, df = 3 (P = 0.11); I² = 50%

Test for overall effect: Z = 1.84 (P = 0.07)
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Five studies compared the clinical outcome of ridge 
augmentation procedures using BSM or AB (from 2000 
to Jan 2014; Table 4). Meta-analysis of these studies 
showed no statistically significant difference between 
BSM and AB ([OR], 1.85; [CI], 0.38 to 8.94; Fig 6). 
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 Maxillary sinus floor augmentation 
(MSFA) 

In the examined period, four studies regarding im-
plant survival after MSFA using BSM or AB were pub-
lished27-30. All of them showed no significant differ-
ence in implant survival between BSM and AB. Our 
meta-analysis of these combined studies confirmed 
the individual findings, as no significant difference in 
implant survival was seen. In a systematic review exam-
ining animal studies on this subject, the initial osse-
ointegration of implants seemed independent of the 
biomaterial used in grafting proced ures31. For human 
histomorphometric data, Klein et al showed a sufficient 
formation of at least 20% to 30% new vital bony tis-
sue both for BSM and AB12. In addition, several current 
literature reviews indicated that the success of MSFA is 
independent of the used graft material2,3,12,32,33. For 
example, Jensen et al in their review observed the same 
implant survival rate in sinuses augmented with BSM 
alone (96.1%) versus augmentation protocols includ-
ing AB (95.8%)32. In contrast, one review by Pjeturs-
son et al34 showed significantly lower annual failure 
rates for AB, compared to BSM in MSFA. However, 
all types of grafting materials had high survival rates 
ranging from between 96.3% and 99.8% after 3 years 
in this review. Further, it must be noted that a constant 
annual event rate was assumed throughout the follow-
up time after placement of the reconstruction, which 
limits the validity of this review. 

Regarding the origin of the BSM, the use of 
deproteinised bovine bone mineral (DBBM) for 
MSFA is particularly well documented in the litera-
ture27-29,35-39. Besides DBBM, there are several stud-
ies with a favourable clinical outcome for synthetic 
porous beta-tricalcium phosphate (beta-TCP)40-42. 
From a biological aspect, it might be advantageous 
to mix BSM with AB due to the osteoinductive prop-
erties of AB38. However, two recently published 
systematic reviews concluded that the amount of 
new bone formation was comparable when DBBM 
or DBBM mixed with AB were used as graft material 
for MSFA43. The hypothesis that there are no dif-
ferences between DBBM or DBBM mixed with AB 
as graft for MSFA could neither be confirmed nor 
rejected38. Moreover, four clinical studies showed no 

Fig 6  Forest plot of 
implant survival in ridge 
augmentation proce-
dures using BSM versus 
AB. 

Fig 7  Funnel plot 
calculated for selected 
studies reporting on im-
plant survival ridge aug-
mentation procedures 
using BSM versus AB.

0

0.5

1

1.5

2

SE(log[OR])

0.01 0.1 1 10 100

OR

Fig 8  Forest plot of 
implant survival in ridge 
augmentation proce-
dures using BSM with 
AB versus AB alone.

Study or subgroup Experimental Control Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Dottore et al, 2012 1 22 1 22 40.4% 1.00 [0.06, 17.07]

Felice et al, 2009 1 19 1 19 40.1% 1.00 [0.06, 17.25]

Lopez-Cedrun, 2011 0 32 0 33 Not estimated

Meijndert et al, 2008 2 31 0 31 19.5% 5.34 [0.25, 115.89]

Simion et al, 2001 0 26 0 82 Not estimated

Total (95% CI) 130 187 100.0% 1.85 [0.38, 8.94]

Total events 4 2

Heterogeneity: Chi² = 0.81, df = 2 (P = 0.67); I² = 0%

Test for overall effect: Z = 0.76 (P = 0.45)

Favours axial Favours tilted
0.01 0.1 1 10 100

Study or subgroup Experimental Control Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Cordaro et al 2010 0 12 0 37 Not estimable

Cordaro et al 2011 0 28 0 27 Not estimable

Urban et al 2011 0 43 0 15 Not estimable

Total (95% CI) 83 79 Not estimable

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

0.01 0.1 1 10 100

Favours [experimental] Favours [control]
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significant difference in the clinical outcome for BSM 
in combination with AB or AB alone27,30,35,36. The 
results of meta-analysis affirmed these conclusions, 
as no significant differences in implant survival after 
MSFA using BSM mixed with AB or using AB alone 
were found. Potentially, if the ideal mix of AB and 
BSM will be found in the future, those results might 
change as currently there is no common understand-
ing on the best makeup of this combination. 

A common technical challenge in MSFA is the 
sinus membrane perforation. The results showed 
that in 19.2 ± 10.8% of the cases a perforation 
occurred. This is in accordance with the study of 
Pjetursson et al, which indicated a value of 19.5% (a 
range of 0% to 58.3%)34. Karabuda et al stated that 
sinus membrane perforation does not compromise 
the osseointegration process or the survival rate44. 
Additionally, a relation between sinus membrane 
perforation and extended postoperative sinusitis or 
implant loss could not be described45. Nkenke et 
al demonstrated in their review that the event of 
sinusitis, partial, or total graft loss is independent 
of the used graft material2. Consequently, applying 
AB instead of BSM in MSFA will not protect patients 
from developing sinusitis or graft loss.

 Vertical and horizontal ridge augmentation

For ridge augmentation, there are techniques avail-
able to effectively and predictably increase the width 

(horizontal) and the height (vertical) of the alveolar 
ridge12,46,47. Generally, survival rates of implants placed 
in ridge augmentation are high46-48. Long-term analysis 
by van Steenberghe et al over 10 years for simultane-
ous placement of autogenous bone grafts and implants 
showed high success rates of 95%49. Five studies com-
paring implant survival after ridge augmentation using 
BSM or AB were published between 2000 and 201450-

54. None showed any significant difference in implant 
survival. Our meta-analysis of these studies confirmed 
these results, indicating no statistically significant differ-
ence in implant survival for ridge augmentation using 
BSM or AB. In a Cochrane systematic review on this 
topic, three randomised controlled clinical trials (RCC) 
comparing BSM and AB were described46. These stud-
ies showed heterogeneous results. Felice et al52 investi-
gated whether DBBM could replace AB harvested from 
the iliac crest for vertical augmentation of atrophic pos-
terior mandibles. No statistical differences for clinical 
outcomes were described in this study, however, statis-
tically significant more patients preferred the augmen-
tation procedure with the BSM. The split-mouth pilot 
study by Fontana et al55, including only five patients, 
showed significantly more vertically augmented bone 
for the BSM compared to AB. In contrast, the study of 
Meijndert et al56 indicated that implants placed in bone 
augmented with DBBM showed increased healing time 
and failure rates, although all failed implants could be 
successfully replaced without the need for additional 
augmentation. 

Table 4  Summary of studies on ridge augmentation for meta-analysis.

Study Study 
type

No. of 
patients

No. of 
implants

BSM Mean follow-up 
(months)

Implant 
survival rate 
BSM

Implant 
survival rate 
BSM + AB

Implant 
survival 
rate AB

Bone gain (mm)

Simion et al, 
200187

RS 49 108 DFDBA 
 (allograft)

AL: 39.3; AU: 
30.4

100%  
(0 of 26)

ND 100% (0 of 
82)

ND

Felice et al, 200952 RCT 10 38 DBBM 12 1 of 19 ND 1 of 19 ND
Meijndert et al, 
200850

RCT 49 93 DBBM ND 93.5%  
(2 of 31)

ND 100% (0 of 
31)

ND

Cordaro et al, 
201088

PS 16 49 DBBM 40 ND 100% (0 of 
12)

100% (0 of 
37)

lateral: 4.3 ± 1.1 
vertical: 2.1 ± 0.3

Lopez-Cedrun, 
201185

RS 23 65 DFDBA 12–93 100% ND 100% 5.3

Urban et al, 
201190

PS 22 58 DBBM 45.88 ND 100% (0 of 
43)

100% (0 of 
15)

5.56 ± 1.45

Cordaro et al, 
201189

RCT 17 55 DBBM, CM 24 ND 100% (0 of 
28)

100% (0 of 
27)

1) 4.18 ± 1.17 
2) 4.56 ± 1.38

Dottore et al, 
201254

PS 11 44 ncHA 4 95.5%  
(1 of 22)

ND 95.5% (1 of 
22)

1) 6.5 ± 1.6 
2) 7.0 ± 2.6

Max = maxilla; Man = mandible; ND = no data available or data cannot be separated; PS = prospective study; RS = retrospective study; CSS = cross 
sectional study; ISR = implant survival rate; BSM = bone substitute material; AB = autogenous bone.
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All of these results should be interpreted with 
caution, because they are mostly related to small ini-
tial defects and these conclusions might not be appli-
cable to large defects. Furthermore, patient numbers 
in these studies were relatively small. Altogether, the 
use of BSM or AB in ridge augmentation procedures 
indicated similar clinical outcomes. However, as the 
quantity of initially available bone before the aug-
mentation procedure was seldom specified, it is dif-
ficult to determine whether the clinical outcome of 
implants relied on the augmented tissue or on the 
residual native bone. Consequently, there is insuf-
ficient evidence to suggest if applying BSM or AB in 
ridge augmentation is preferable.

The ability to shorten treatment length with AB 
in augmentation procedures is another matter of 
scientific discussion. With the transplantation of AB, 
osteoinductive factors are applied to the augmented 
site8,9. For BSM, this is not the case. Therefore, it 
may be assumed that the ingrowth of newly formed 
bone is delayed with BSM compared to AB, and that 
implant insertion and loading in two-stage proce-
dures will have to be postponed. A recently published 
review analysing the total bone volume after MSFA 
based on histomorphometric analysis demonstrated a 
significantly higher portion of mineralised bone during 
the early healing phase for AB, compared to various 
BSM43. Interestingly, the different total bone volumes 
equalled out over time, and after 9 months no statis-
tically significant difference was detected between the 
various grafting materials. Our review showed contra-
dictory results for healing periods. In MSFA studies, 
healing periods were shorter, and in ridge augmen-
tation procedures longer for BSM, compared to AB. 
The review of Jensen et al described almost identical 
healing periods in MSFA for BSM and AB32. Hence, a 
clear conclusion cannot be drawn on this topic. When 
using graft materials, the aspect of cost cannot be 
ignored. A data analysis on this topic was unfortu-
nately not possible due to missing information in the 
examined studies. For AB, the harvesting procedure 
lengthens operating time, which is especially prob-
lematic in the case of extraoral donor sites surgery, as 
it is often performed under general anaesthesia57,58. 
Consequently, higher costs for a longer operating time 
and general anaesthesia could surpass the expenses 
for BSM2. In this context, cost-effectiveness analyses 
are required to clarify this aspect. 

In general, literature-based systematic reviews of 
implant prognosis and survival pose a multitude of 
problems59, which were also apparent in this study. 
Many of the included studies failed to report the ori-
ginal residual bone height at the site of presumptive 
implant placement. There was also a lack of RCTs with 
sufficient statistical information for the comparison of 
various grafting materials. In addition, comparisons 
were complicated due to relevant differences in number 
of patients, number of implants and the type of implant 
surface. Furthermore, the publication bias has to be 
kept in mind. This means that some authors reported 
mainly from good results and bad or unwanted results 
were neglected and not published. Therefore, even the 
results of this meta-analysis, although representing the 
highest grade of evidence, indicate presumably slightly 
too optimistic survival rates.

 Conclusions

A large but heterogeneous body of literature was 
available regarding BSM in augmentation procedures, 
including all levels of clinical evidence. Within the lim-
its of this meta-analytic approach to the literature, 
we showed a comparable implant survival in MSFA 
and ridge augmentation between BSM, BSM mixed 
with AB and AB. Therefore, depending on the size of 
the defect, BSM might be as effective as AB for aug-
mentation procedures. Considering the side-effects 
accompanying AB procedures, BSM should be seen as 
a valuable alternative. However, in order to improve 
decision-making on the type of bone graft to be used 
for treating large defects properly, more standardised 
studies are required to better understand the clinical 
efficacy and limitations of these grafts. Future studies 
should define defect size, augmented volume and 
regenerative capacity of the defects.
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