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Guided Bone Regeneration with  
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Purpose: The aim of this meta-analysis was to evaluate different methods for guided bone regeneration 

using collagen membranes and particulate grafting materials in implant dentistry. Materials and Methods: 

An electronic database search and hand search were performed for all relevant articles dealing with 

guided bone regeneration in implant dentistry published between 1980 and 2014. Only randomized clinical 

trials and prospective controlled studies were included. The primary outcomes of interest were survival 

rates, membrane exposure rates, bone gain/defect reduction, and vertical bone loss at follow-up. A meta-

analysis was performed to determine the effects of presence of membrane cross-linking, timing of implant 

placement, membrane fixation, and decortication. Results: Twenty studies met the inclusion criteria. Implant 

survival rates were similar between simultaneous and subsequent implant placement. The membrane 

exposure rate of cross-linked membranes was approximately 30% higher than that of non–cross-linked 

membranes. The use of anorganic bovine bone mineral led to sufficient newly regenerated bone and high 

implant survival rates. Membrane fixation was weakly associated with increased vertical bone gain, and 

decortication led to higher horizontal bone gain (defect depth). Conclusion: Guided bone regeneration with 

particulate graft materials and resorbable collagen membranes is an effective technique for lateral alveolar 

ridge augmentation. Because implant survival rates for simultaneous and subsequent implant placement 

were similar, simultaneous implant placement is recommended when possible. Additional techniques like 

membrane fixation and decortication may represent beneficial implications for the practice. Int J Oral 
MaxIllOfac IMplants 2017 (14 pages). doi: 10.11607/jomi.5461
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Implant dentistry as a field has developed numerous 
advancements in materials and concepts that are de-

signed to avoid alveolar ridge augmentation. Howev-
er, there is still a pressing need for bone augmentation 
in situations where other techniques will not produce 
esthetic or functional results, such as cases of reduced 
horizontal or vertical bone volume.1,2 Numerous 

alveolar ridge augmentation techniques have been 
developed, including autologous bone blocks from 
intra- and extraoral donor sites, ridge splitting and 
expansion, distraction osteogenesis, sandwich osteo-
plasty, and guided bone regeneration (GBR).3

GBR is an extensively described alveolar ridge aug-
mentation technique that has been shown to produce 
excellent, reproducible results and high long-term 
success rates based on high-evidence-level publi-
cations.4–9 GBR uses a resorbable or nonresorbable 
membrane to create and maintain a space over the 
bony defect and under the periosteum. Ideally, osteo-
progenitor cells should colonize the space over the 
defect; however, these cells grow relatively slowly. The 
membranes used in GBR prevent the ingrowth of rap-
idly proliferating epithelial and connective tissue cells 
into the defect. GBR was first described by Nyman and 
Karring in 1979 as a means of guided tissue regen-
eration based on tissue engineering principles, and 
numerous studies on the technique were published 
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thereafter.4,10–14 These early publications primarily 
used polytetrafluoroethylene (PTFE) membranes as a 
barrier. Several studies reported that this material had 
a high membrane exposure rate of 30% to 40%,15–17 
whereas other studies achieved very good results with 
no membrane exposure reported during the healing 
phase.18–20 Due to its rigid mechanical properties, non-
resorbable PTFE membranes can create and maintain 
the necessary space for GBR procedures, especially 
when the membrane is titanium reinforced. Using 
these membranes, the investigators achieved hori-
zontal bone gain up to 9 mm and vertical bone gain 
up to 12 mm.4,5,19,20 In most studies reporting the use 
of these membranes, they were fixed to the underly-
ing cortical bone with titanium pins or osteosynthesis 
screws to keep them in the desired position.16,21

Despite their effectiveness, nonresorbable mem-
branes must be eventually removed, which requires 
surgically reopening the soft tissue.18,22 To avoid mem-
brane removal surgeries, investigators developed re-
sorbable materials, such as collagen membranes, in 
the early 1990s. Resorbable membranes have been 
studied extensively for guided tissue regeneration and 
GBR.23–27 Nonchemically cross-linked bioresorbable 
membranes have good tissue and cell compatibility 
and lower dehiscence rates compared with PTFE mem-
branes. To date, the biologic aspects of collagen mem-
branes have been investigated thoroughly.28–30

One challenging aspect of performing particulate 
grafts with resorbable membranes is identifying a 
method to fix the immobilized graft membrane at the 
desired position. This challenge is a key factor for suc-
cessful GBR, because poor mechanical immobilization 
of the particulate graft under the fixed membrane re-
sults in increased dehiscence rates and reduced bone 
regeneration.16 Several studies reported the use of re-
sorbable or nonresorbable cortical bone pin systems 
or even sutures to fixate collagen membranes.31–33 
When nonresorbable pins are used, patients may need 
to undergo an additional surgery to remove the pins. 
Furthermore, the use of any pins, resorbable or non-
resorbable, increases the risk of perforating important 
anatomical structures, such as the alveolar nerve, max-
illary sinus, or roots of adjacent teeth.

To date, there are several systematic reviews or meta-
analyses addressing GBR procedures using PTFE mem-
branes. To the authors’ knowledge, there is no such 
publication for resorbable collagen membranes, espe-
cially in combination with particulate graft materials, 
even though these materials are often used in daily prac-
tice. Additionally, there are no clear guidelines on the 
use of collagen membranes with respect to their indica-
tions and limitations. The aim of this meta-analysis was 
to identify relevant clinical studies on GBR using resorb-
able collagen membranes and particulate graft material 

for implant dentistry applications that have been report-
ed within the last three decades. This analysis focuses on 
the quantity of regenerated bone, membrane exposure 
rate, and the implant survival rate in human studies. The 
secondary objective was to evaluate whether additional 
techniques, ie, membrane fixation and additional decor-
tication, produce beneficial clinical outcomes.

MATERIALS AND METHODS

Literature Search
Two independent reviewers (B.W., W.Z.) performed an 
electronic literature search of the MEDLINE database for 
papers published between January 1980 and December 
2014. The literature search was performed and reported 
according to the preferred reporting items for system-
atic reviews and meta-analysis (PRISMA) guidelines34 
(Fig 1). The last date that the literature was searched was 
December 20, 2014. The literature search was limited to 
articles published in English. The following search terms, 
filters, and their combinations were used for this search: 

(((((English[Language]) AND (“1980/01/01”[Date - 
Publication] : “2014/12/30”[Date - Publication])) AND 
(((((dentistry[MeSH Terms]) AND dental implant[MeSH 
Terms]) OR dental implants[MeSH Terms]) OR den-
tal implantation[MeSH Terms]) OR dental implanta-
tion, endosseous[MeSH Terms])) AND ((((alveolar 
ridge augmentation[MeSH Terms]) OR alveolar ridge 
augmentations[MeSH Terms]) OR (guided bone regen-
eration)) OR GBR)) AND ((((collagen membrane)) OR 
(resorbable membrane)) OR (absorbable membrane)))

An additional search was performed on EMBASE 
and the Cochrane Library. Furthermore, a hand-search 
of the following journals was performed: The Interna-
tional Journal of Oral & Maxillofacial Implants, The Inter-
national Journal of Periodontics & Restorative Dentistry, 
Clinical Implant Dentistry and Related Research, Journal 
of Periodontology, and Journal of Clinical Periodontol-
ogy. Relevant publications were collected in Citavi 4.0 
software, and duplicates were discarded electronically.

Two independent reviewers assessed the abstracts 
of the selected publications to eliminate irrelevant pub-
lications. Publications were retained if they matched 
the inclusion criteria. If no abstract was available, the 
original article was used. Following abstract screening, 
the reviewers analyzed the full text to select the final 
articles. The reviewers also cross-checked the referenc-
es of the selected articles to identify any undetected, 
relevant studies. Following their independent, full-text 
screenings, the reviewers compared their selections 
and discussed each publication individually prior to 
final article inclusion. Any discrepancies between the 



The International Journal of Oral & Maxillofacial Implants 3

Wessing et al

two reviewers regarding the inclusion of an article 
were resolved through a consensus discussion.

Study Selection
Publications were selected based on the Cochrane Col-
laboration’s Patients, Intervention, Comparison, Out-
comes (PICO) principle, described below.

Patients. The review included clinical studies of 
patients treated with dental implants that had simul-
taneous or previously performed GBR with collagen 
barrier membranes and particulate graft materials for 
horizontal and/or vertical bone augmentation. There 
were no restrictions concerning gender, age, diabetes, 
or smoking status. Patients with active periodontitis 
were excluded.

Intervention. The intervention was simultaneous or 
previously performed bone augmentation using GBR 
for dental implant therapy. GBR procedures needed to 
have been performed with particulate materials, such 
as autologous bone chips, and/or osteoconductive 
materials, such as allografts, xenografts, or alloplastic 
bone substitute materials. The GBR procedure needed 
to be part of a closed healing protocol. Studies had to 
use resorbable collagen membranes for inclusion.

Comparison. The following comparisons were made: 
(1) GBR procedures in which an immobilized collagen 

membrane was fixed to the underlying bone using a 
cortical pin system, sutures, or the cover screw of the im-
plant were compared with GBR procedures in which the 
collagen membrane was applied to the grafted area, re-
hydrated with blood or sterile saline, and no further fixa-
tion methods were used; (2) GBR procedures with partial 
decortication in the augmented area were compared 
with GBR procedures without decortication.

Outcomes. The outcome measures included (1) 
implant survival rate, (2) membrane exposure rate, (3) 
bone gain with the quantity of regenerated bone mea-
sured as millimeters horizontal or vertical, and (4) bone 
loss observed during follow-up.

Study Design
Only randomized controlled trials (RCTs) with evidence 
level II-2 or higher (cohort or case-control analytic 
studies) based on the United States preventive servic-
es task force classification35 were included.

Exclusion Criteria
Exclusion criteria were defined as follows: (1) animal 
or in vitro studies; (2) evidence level less than II-2; (3) 
studies in extraction sites or studies that used growth 
factors; (4) GBR to correct other indications, such as 
extraction sites, periodontal defects, or root resection 

Additional records identified through 
other searches (Hand searching) 

(n = 5)

Records identified through 
database searching (MEDLINE, 

Embase, Cochrane Library)

Records screened 
(n = 348)

Additional articles from references 
(n = 0)

Records excluded due 
to irrelevant articles and 

duplicates 
(n = 267)

Full-text articles excluded, 
with reasons

•Evidence level (46) 
•Indication (10)
•Membrane type (2)
•Graft procedure (1)
•Follow-up publication (2)
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Full-text articles assessed for 
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Fig 1  Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flowchart of the search strategy for this sys-
tematic review.  
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defects; (5) studies with nonparticulate graft mate-
rial morphology, such as bone blocks; (6) studies that 
used membranes other than resorbable collagen 
membranes; or (7) shorter follow-up publications of 
the same study (only one publication with the longest 
follow-up was used).

Data Extraction
The following information was extracted from select-
ed publications: journal, name of author(s), publica-
tion year, study design, intervention type, membrane, 
graft material or membrane supporting material, time 
of implant placement (simultaneous or subsequent), 
membrane fixation method, decortication, mean heal-
ing time, membrane exposure rate, horizontal bone 
gain, vertical bone gain, bone loss, number of patients, 
number of implants, follow-up period, patients lost to 
follow-up, and implant survival rate.

If any relevant information was missing from the 
published results, corresponding authors were con-
tacted via email. Data were entered into a piloted data 
extraction form (Microsoft Office Excel 2007) by one 
reviewer (first author) and proofread by a second re-
viewer (third author).

Quality Assessment and Risk of Bias
The possible risk of bias for the RCTs was determined 
using the Cochrane Collaboration’s risk of bias (RoB) 
tool (Table 1).36 The risk of bias for the prospective stud-
ies was assessed using the Cochrane risk of bias tool 
for nonrandomized studies of interventions (ACROBAT-
NRSI),37 which is based on the RoB tool (Table 2).

Statistical Analysis
Following data extraction, study results were pooled 
for analysis by a statistician (second author). Several 
included studies reported a 100% implant survival 
rate based on the maximum likelihood estimator  
p̂ = x/n. Because this estimate implies no variation, it is 
not useful for this purpose, especially in cases of a small 
n. Therefore, estimated survival rates were recalculated 
based on the midpoint estimate for the score interval  
p̂ = (x + 1.96)/(n + 3.92).38

To determine the effect on survival rates, general-
ized mixed-effect models were created using a bi-
nomial error estimate. The models included mean 
healing time, decortication, and fixation method as in-
dependent variables and accounted for random study 
effects.39,40 To determine effect on bone gain values, 
multilevel random effects models were created using 
the same fixed and random effects as those used for 

Table 1  Risk of Bias Assessment for Randomized Clinical Trials Using Cochrane Collaboration’s 
RoB Tool

Study

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants 

and 
researchers

Blinding of 
outcome 

assessment

Incomplete 
outcome 

data

Selective 
outcome 
reporting

Other 
sources 
of bias

Amorfini et al42 (2014) Low Low Low Low Low Low Low

Annen et al43 (2011) Low Low Low Low Low Low Low

Van Assche et al44 (2013) Unclear Low Unclear Unclear Low Low Low

Becker et al45 (2009) Low Low Low Low Low Low Low

Carpio et al16 (2000) Unclear Unclear Unclear Unclear Low High Low

Friedmann et al8 (2002) Unclear Unclear Unclear Unclear Low Low Low

Friedmann et al47 (2011) Low Low Unclear Low Low Low Low

Jung et al19 (2009) Low Unclear Unclear Unclear Low Low Low

Meijndert et al50 (2005) Low Low Unclear Unclear Low Low Low

Meijndert et al49 (2008) Low Low Unclear Low Low Low Low

Merli et al9 (2014) Low Low Low Low Low Low Low

Mordenfeld et al51 (2014) Low Low Low Unclear Low Low Low

Park and Wang54 (2007) Unclear Unclear Unclear Unclear Low Low Low

Park et al53 (2008) Low Unclear Low Low Low Low Low

Sisti et al55 (2012) Low Low Unclear Unclear Low Low Low

Zitzmann et al6 (1997) Low Unclear Unclear Unclear Low Low Low

Zitzmann et al56 (2001) Low Unclear Unclear Unclear Low Low Low
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the survival rate inference. Ninety-five percent confi-
dence intervals (CI) were calculated using a likelihood 
profile. All calculations were performed using R ver-
sion 3.2.2 (R Core Team 2015).41

RESULTS

Study Identification and Selection
The electronic search produced 343 publications, and 
the hand search identified 5 additional publications. 
The identified publication abstracts were then screened 
to determine if they roughly met the inclusion criteria 
prior to a full-text review. In total, 81 publications met 
the criteria for full-text review. Of these 81 publications, 
20 fulfilled all inclusion criteria for this systematic review. 
The PRISMA flowchart of the search strategy, identifica-
tion, and selection process is shown in Fig 1.

Risk of Bias
All included RCTs had a low risk of bias except the 
study by Carpio et al,16 which had a moderate risk of 
bias. All three included prospective studies had a mod-
erate risk of bias.

Descriptive Review of Study Characteristics
Of the 20 included publications, 17 reported on 
RCTs6,8,9,16,19,42–45,47,49,50,51,53–56 and 3 reported on non-
randomized prospective studies.46,48,52 Several studies 
reported on treatment arms that did not meet the inclu-
sion criteria. For example, some studies had treatment 
arms that did not use membranes or used a non-colla-
gen membrane. Additionally, some treatment arms had 
control groups that used bone blocks or the treatments 
were performed in extraction sites. These treatment 
arms were excluded from the review and meta-analysis. 
In total, 33 treatment or study arms were investigated. A 
summary of study characteristics for included treatment 
arms of the included publications is shown in Table 

3.6,8,9,16,19,42–56 Details of the GBR procedure for each 
treatment group and the outcomes evaluated in the in-
cluded publications are shown in Table 4.

All of the included publications were well-designed 
clinical trials that largely provided the information need-
ed for a systematic review, such as study design, study 
population, number of implants, number of implant 
sites undergoing GBR, follow-up period, and implant 
survival/failure rate. Unfortunately, some publications 
did not report critical data. In the two publications by 
Park et al,53,54 the overall population was reported, but 
it was unclear how many patients were in each study 
group. Altogether, 18 publications reported on 460 pa-
tients.6,8,9,16,19,42–52,55,56 In one publication by Friedmann 
et al,8 the number of implants in each group was not pro-
vided. Publications by Carpio et al16 and Meijndert et al50 
did not state how many implants were placed in each 
treatment arm. Overall, 17 publications reported on 733 
implants.6,9,19,42–49,51–56 The follow-up period of the stud-
ies was relatively short: 10 publications did not report be-
yond the second surgical procedure,8,16,19,43,45,46,48,51–53 
1 publication reported a 6-month follow-up,47 4 pub-
lications reported a 12-month follow-up after surgical 
reentry,42,44,49,50 2 publications reported a 24-month 
follow-up,6,55 1 publication reported a 59-month follow-
up,56 and 1 publication reported a 72-month follow-up.9 
In one publication, the difference in follow-up between 
the two study groups could not be determined.54 The 
overall mean follow-up time of the included publica-
tions was 8.77 months (range, 0–72 months). Only 
three publications did not report on patients lost to 
follow-up.43,53,54

Fifteen publications reported on simultaneous GBR 
and implant placement,6,9,16,19,42–45,47,48,52–56 4 publica-
tions reported GBR and subsequent implant placement 
following a healing period,8,49–51 and 1 publication in-
cluded both simultaneous and subsequent implant 
placement.46 Implant survival or failure was reported 
in 15 publications (Table 3).6,9,16,19,42–44,46,47,49–53,56 

Table 2  Risk of Bias Assessment for Prospective Controlled Studies Using the Cochrane RoB Tool 
for Nonrandomized Studies of Interventions (ACROBAT-NRSI)

Study 
Bias due to 
confounding

Bias in 
selection of 
participants 

into the 
study

Bias in 
measurement 

of 
interventions

Bias due to 
departures 

from intended 
interventions

Bias due 
to missing 

data

Bias in 
measurement 
of outcomes

Bias in 
selection 

of the 
reported 

result
Overall 

bias

Beitlitum et al46 
(2010)

Moderate Low Low Low No info Low Low Moderate 
risk

Kim et al48 
(2010)

Moderate Moderate Low Low No info Low Low Moderate 
risk

Nemcovsky and 
Artzi52 (2002)

Moderate Low Low Low No info Low Low Moderate 
risk
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The estimated implant survival rate calculated from 
those studies was 99.13% (95% CI, 97.23%–99.96%) 
(Fig 2). The estimated survival rate for subsequent im-
plant placement was 98.30% (95% CI, 92.49–99.97%), 
whereas the rate for simultaneous implant placement 
was 99.75% (95% CI, 99.75%–100%) (Fig 3). There was 
no significant difference observed between simultane-
ous and subsequent implant placement with respect 
to implant survival rate. 

Of the 33 included study arms, 21 reported on non–
cross-linked collagen membranes and 12 reported on 
cross-linked collagen membranes. Membrane expo-
sure rate was reported in 25 study arms, and the over-
all estimated membrane exposure rate was 23.19% 
(95% CI, 12.70%–39.12%) (Fig 4). The estimated ex-
posure rate was 28.62% (95% CI, 14.14%–49.32%) for 
cross-linked membranes and 20.74% (95% CI, 11.16%–
36.19%) for non–cross-linked membranes (Fig 5).

Bone graft or membrane-supporting materi-
als were well documented in all studies. Fourteen 
study arms used only anorganic bovine bone mineral 
(ABBM),6,8,19,43–45,49,50,52,56 2 arms used freeze-dried 
bone allograft (FDBA),46,53,54 2 arms used FDBA in com-
bination with autologous bone chips (ABC),46,53,54 4 
arms used demineralized FDBA (DFDBA),53 4 arms used 
ABBM and ABC with different concentrations,16,42,51 
3 arms used β-tricalcium phosphate/hydroxyapa-
tite (β-TCP/HA),44,47 2 arms used demineralized bone 
matrix (DBM),48 1 arm used ABC and osteosynthesis 
material (OM),9 and one arm used only HA.55 The con-
centrations of the various supporting material in the 
composition grafts varied between different studies 
and between study arms in the same study.

The number of patients treated in the different 
grafting groups as well as the follow-up time differed 
widely between the studies and study arms, rendering 

Table 3  Characteristics of Included Studies

Publication ID/Authors Year
Study 
design

No. of 
patients

No. of 
implants

Observation 
period (mo)

Lost to 
follow-up 

(n)

Implant 
survival 

rate
Implant 

failure rate

 1 Amorfini et al42 2014 RCT 8 13 12 0 100% ND

 2 Annen et al43 2011 RCT 18 18 0 ND ND 0%

 3 van Assche et al44 2013 RCT 14 28 12 0 ND 0%

 4 Becker et al45 2009 RCT 49 78 0 2 ND ND

 5 Beitlitum et al46 2010 (P)CoS 50 106 0 0 ND n = 0

 6 Carpio et al16 2000 RCT 23 ND 0 0 ND 21.70%

 7 Friedmann et al8 2002 RCT 14 No clear 
assignment

0 0 ND ND

 8 Friedmann et al47 2011 RCT 37 73 6 0 100% ND

 9 Jung et al19 2009 RCT 18 18 0 0 ND n = 0

10 Kim et al48 2010 (P)CoS 14 21 0 0 ND ND

11 Meijndert et al50 2005 RCT 5 ND 12 0 ND n = 0

12 Meijndert et al49 2008 RCT 29 31 12 0 ND n = 2

13 Merli et al9 2014 RCT 11 11 72 0 ND n = 0

14 Mordenfeld et al51 2014 RCT 13 71 0 0 ND n = 2

15 Nemcovssky and Artzi52 2002 (P)CoS 47 79 0 0 ND n = 1

16 Park and Wang54 2007 RCT No clear 
assignment 
(n= 25 with 
control group)

20 ND ND ND ND

17 Park et al53 2008 RCT No clear 
assignment 
(n= 23 with 
control group)

18 0 ND ND n = 0

18 Sisti et al55 2012 RCT 10 10 24 0 ND ND

19 Zitzmann et al6 1997 RCT 25 26 24 0 No clear 
assignment

n = 0

20 Zitzmann et al56 2001 RCT 75 112 59 9 95.40% No clear 
assignment

ND = Not detected; (P)CoS = prospective comparative study; RCT = randomized controlled trial. 
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a statistical evaluation of the different protocols un-
feasible for most groups. The only group for which a 
further evaluation was possible was the one treated 
with pure ABBM. All of the sites in that group were 
augmented with the same product (Bio-Oss, Geistlich). 
With a mean follow-up time of 13 months (range 0–59.1 
months), the mean implant survival rate in this group 
was 98.34 (95% CI, 96.06%–99.71%), independent of 
whether the GBR was simultaneous or prior to implant 
placement, and the estimated vertical bone gain with 
pure ABBM was 3.05 mm (95% CI, 2.33–3.77 mm).

The healing time of the augmented bone was report-
ed for all study arms except two.53 Mean healing time 
including both simultaneous and subsequent implant 
placement was 5.88 months (95% CI, 3–8.1 months). 

The indication for ridge augmentation was classi-
fied as horizontal for 27 study arms and vertical for 3 
study arms. One study arm could not be classified. Six 
publications (9 study arms) did not report vertical or 
horizontal bone gain or loss.6,8,48,50,54,55 The results in 
the remaining publications varied widely in presenta-
tion (eg, gain/loss, horizontal/vertical, depth/width, 
mesial/distal, coronal/apical, and volume/length/per-
centage) and rarely presented dispersion parameters. 
This variation made it difficult, and in some cases un-
feasible, to compare studies with respect to bone gain 
or loss parameters. 

Among those studies reporting bone gain, the over-
all mean horizontal bone gain (depth perpendicular to 
the implant axis) was 2.27 ± 1.68 mm and the mean 
vertical bone gain was 3.05 ± 1.02 mm (Tables 5 and 6). 
Only 1 publication (2 study arms) reported horizontal 
bone gain (width) in the mesiodistal direction on the 
implant surface.45 In that study, the horizontal bone 
gain width was 2.65 ± 2.27 mm for the tested cross-
linked membrane and 2.65 ± 2.36 mm for the tested 
non–cross-linked membrane. Bone loss results were 
only reported in 5 publications (6 study arms).9,42,44,49,56 
The overall mean vertical bone loss was 0.68 mm 
(range, 0.11–1.34 mm), with a mean observation pe-
riod of 33.42 months (range, 12–72 months).

With regard to membrane fixation, 6 arms did not 
report whether membranes were fixed and 1 was 
too ambiguous to assign with certainty.16,42,47,54,55 
Twenty arms reported that membranes were not 
fixed,8,9,43–46,51–53 and 6 reported fixation with either 
cortical pins6,16,19,56 or sutures.49,50 Because none of 
the study arms reported on both horizontal bone gain 
and membrane fixation, two comparable groups could 
not be created. Therefore, the meta-analysis was per-
formed only on collagen membrane fixation and ver-
tical bone gain, which included 7 study arms without 
and 1 study arm with fixation. Mean vertical bone gain 
without membrane fixation was 2.94 ± 1.05 mm and 
4.25 mm with fixation (Table 5). 

In 11 study arms, no statements were made regard-
ing decortication.16,42,47,48,52,54,55 Among the remaining 
study arms, 20 reported that decortication was per-
formed6,8,9,44–46,49–51,53,56 and 2 specifically stated that 
decortication was not performed.43 Mean vertical bone 
gain was 3.25 ± 2.05 mm without decortication and 
3.05 ± 0.88 mm with decortication (Table 5). Mean hori-
zontal bone gain was 0.85 ± 0.35 mm without decorti-
cation and 2.98 ± 1.63 mm with decortication (Table 6).

DISCUSSION

Main Findings
The number of publications addressing GBR for ridge 
augmentation using resorbable collagen membranes 
has increased substantially over the last two decades. 
The aim of this systematic review was to summarize 
the available literature regarding GBR for ridge aug-
mentation using particulate graft material and resorb-
able collagen membranes to devise evidence-based 
recommendations and answer the following question: 
Does collagen membrane fixation or decortication af-
fect the amount of newly regenerated bone when per-
forming GBR?

The systematic literature search yielded numerous 
publications reporting on clinical studies with widely 
varying study designs, outcome documentation, and 
publication methods. The identified publications in-
cluded a large number of case reports, case series, and 
retrospective analyses. Due to the risk of uncontrolled 
bias, only RCTs or prospective controlled studies were in-
cluded in the review. Immediate implant placement and 
the use of growth factors were also excluded because 
they introduced additional biologic factors into the anal-
ysis. These exclusion criteria eliminated all but 17 RCTs 
and 3 prospective controlled studies, which were then 
screened for quality assessment and data extraction. 
Among those studies, 16 RCTs had a low risk of bias, and 
1 RCT and 3 prospective controlled studies had a mod-
erate risk. Thus, all the identified studies were included 
in data extraction. Because only RCTs and prospective 
controlled trials were included, there were one or more 
study arms in each publication that could be designated 
as a control group. For data extraction, only study arms 
that used resorbable collagen membranes and particu-
late graft materials were included. 

Overall, 460 patients receiving 733 implants were 
included in this review and analysis. The overall mean 
healing time was 5.88 months. This time is consistent 
with the 3- to 6-month healing time associated with 
bone augmentation of alveolar ridges.57,58 The overall 
mean follow-up time was 9.72 months (range, 0–72 
months) after surgical reentry. Only two studies re-
ported follow-up periods of at least 5 years.9,56 All but 
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three publications reported on patient loss to follow-
up. The overall estimated implant survival rate in this 
analysis was 99.13% (95% CI, 97.23%–99.96%), which 
was much higher than that reported in another sys-
tematic review by Aghaloo and Moy evaluating GBR 
with any membrane type.3 However, Aghaloo and 
Moy excluded studies with a follow-up period shorter 
than 12 months, which could substantially influence 

the overall survival rate. When looking at the distri-
bution of implant failures, 20 study arms reported no 
implant loss, 5 arms reported 1 lost implant, 3 arms 
reported 2 lost implants, and 1 study reported 5 lost 
implants. All study arms reporting at least one loss 
were part of larger studies with more patients. This 
could indicate potential publication bias produced by 
smaller studies with respect to implant loss. The high 

Table 4  Details of the Guided Bone Regeneration Procedures in the Included Treatment Arms 

Publication ID/
Authors Year

Implant 
placement

Defect 
classification Membrane type Supporting material Decortications

Membrane 
fixation

Healing time 
of regenerated 

bone (mo)
Membrane 

exposure rate
Horizontal 
bone gain

Vertical 
bone gain

Bone 
loss

1 Amorfini et al42 2014 Simultaneous Horizontal Non–cross-linked ABC + ABBM + SS ND ND 6 Yes No No Yes

2 Annen et al43 2011 Simultaneous Horizontal a) Non–cross-linked ABBM No No 6 Yes Yes Yes No

2 Annen et al43 2011 Simultaneous Horizontal b) Cross-linked ABBM No No 6 Yes Yes Yes No

3 Van Assche et al44 2013 Simultaneous Horizontal Non–cross-linked a) ABBM Yes No 6.4 Yes Yes Yes Yes

3 Van Assche et al44 2013 Simultaneous Horizontal Non–cross-linked b) β-TCP/HA Yes No 6.4 Yes Yes Yes Yes

4 Becker et al45 2009 Simultaneous Horizontal a) Non–cross-linked ABBM Yes No 4 Yes Yes Yes No

4 Becker et al45 2009 Simultaneous Horizontal b) Cross-linked ABBM Yes No 4 Yes Yes Yes No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

a) Horizontal Cross-linked a) FDBA Yes No 5–7 Yes Yes No No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

b) Vertical Cross-linked a) FDBA Yes No 5–7 Yes No Yes No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

a) Horizontal Cross-linked b) FDBA + ABC Yes No 5–7 Yes Yes No No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

b) Vertical Cross-linked b) FDBA + ABC Yes No 5–7 Yes No Yes No

6 Carpio et al16 2000 Simultaneous ND Non–cross-linked ABC + ABBM ND No clear 
assignment

6 Yes Yes Yes No

7 Friedmann et al8 2002 Subsequent Horizontal Cross-linked ABBM + VB Yes No 7 Yes No No No

8 Friedmann et al47 2011 Simultaneous Horizontal Non–cross-linked β-TCP/HA ND ND 6 Yes Yes No No

8 Friedmann et al47 2011 Simultaneous Horizontal Cross-linked β-TCP/HA ND ND 6 Yes Yes No No

9 Jung et al19 2009 Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 6 Yes No Yes No

10 Kim et al48 2010 Simultaneous Horizontal Cross-linked DBM ND Yes a) 4 No No No No

10 Kim et al48 2010 Simultaneous Horizontal Cross-linked DBM ND Yes b) 6 No No No No

11 Meijndert et al50 2005 Subsequent Horizontal Non–cross-linked ABBM + VB Yes Yes 6 No No No No

12 Meijndert et al49 2008 Subsequent Horizontal Non–cross-linked ABBM + VB Yes Yes 6 No No No Yes

13 Merli et al9 2014 Simultaneous Vertical Non–cross-linked ABC + OM Yes No 4/6 Yes No Yes Yes

14 Mordenfeld et al51 2014 Subsequent Horizontal Non–cross-linked a) ABC (10%) + ABBM 
(90%) + FG

Yes No 8/1 Yes Yes No No

14 Mordenfeld et al51 2014 Subsequent Horizontal Non–cross-linked b) ABC (40%) + ABBM 
(60%) + FG

Yes No 8/1 Yes Yes No No

15 Nemcovsky and Artzi52 2002 Simultaneous Horizontal Non–cross-linked ABBM ND No 6–8 Yes No Yes No

15 Nemcovsky and Artzi52 2002 Simultaneous Horizontal Non–cross-linked ABBM ND No 6–8 Yes No Yes No

16 Park and Wang54 2007 Simultaneous Horizontal a) Non–cross-linked FDBA ND ND ND No No No No

16 Park and Wang54 2007 Simultaneous Horizontal b) Cross-linked FDBA ND ND ND No No No No

17 Park et al53 2008 Simultaneous Horizontal a) Non–cross-linked FDBA Yes No 6 Yes Yes Yes No

17 Park et al53 2008 Simultaneous Horizontal b) Cross-linked FDBA Yes No 6 Yes Yes Yes No

18 Sisti et al55 2012 Simultaneous Horizontal Non–cross-linked HA ND ND 3–4 No No No No

19 Zitzmann et al6 (1997) Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible 
6 maxilla

19 Zitzmann et al6 (1997) Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible
6 maxilla

Yes No No No

20 Zitzmann et al56 2001 Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible
6 maxilla

No No No Yes

Yes = positive; No = negative; ND = not detected/reported value; ABBM = anorganic bovine bone material; ABC = autologous bone chips;  
β-TCP = beta tricalciumphosphate; CM = collagen membrane; DBM demineralized bone matrix; FDBA = freeze-dried bone allograft; FG = fibrin glue; 
HA = hydroxyapatite; OP = osteosynthesis materials; SS = saline solution; VB = venous blood.
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number of publications with short follow-up periods 
can be explained by the primary outcome of these in-
vestigations, which was the amount of bone gain at 
surgical reentry. 

In the current review, the implant survival rates 
for simultaneous and subsequently placed implants 
were 99.75% and 98.3%, respectively. While there was 
a 1.45% difference in implant survival depending on 

implant placement timing, it was not statistically sig-
nificant. Furthermore, it seems unlikely that the differ-
ence would be clinically relevant. With this equivalence 
in mind, simultaneous GBR and implant placement 
has several advantages, such as reduced numbers of 
surgeries, which lowers the risk of morbidity, reduces 
healing time, and increases patient comfort. The si-
multaneous approach is often the preferred method 
for correcting alveolar ridge defects during implant 
placement.

Analysis of studies that had used particulate ABBM 
for GBR with collagen membranes showed high im-
plant survival rates of 98.34% and an estimated verti-
cal defect reduction of 3.05 mm with a mean follow-up 
time of 13 months. Unfortunately, due to the limited 
number of study arms and variability of study arms, no 
other comparisons were statistically feasible.

Numerous studies have noted a difference in mem-
brane exposure rates between non–cross-linked and 
cross-linked collagen membranes, although reports 
differ widely for both groups.22,43,45 In this review, 
the membrane exposure rate was 28.62% for cross-
linked membranes and 20.74% for non–cross-linked 
membranes. Again, this difference is not statistically 
significant. The current evidence slightly favors the 
use of non–cross-linked membranes due to the lower 
exposure rates. Because there were no publications 
reporting the difference in bone gain in patients with 
and without membrane exposure, the direct outcome 
of membrane exposure could not be determined in 
this review. Another systematic review by Sanz-Sán-
chez et al59 comparing several techniques and materi-
als for lateral ridge augmentation showed that bone 
gain with respect to defect reduction was significantly 
higher in nonexposed sites. This observation also 
agrees with a meta-analysis by Machtei evaluating the 
effect of membrane exposure on the amount of newly 
regenerated bone.60

The overall mean horizontal bone gain (ie, the depth 
perpendicular to the implant axis) was 2.27 ± 1.68 mm. 
The mean vertical bone gain was 3.05 ± 1.02 mm. The 
one study reporting the horizontal bone gain (width) 
in the mesiodistal direction had a mean value of 
2.64  mm.45 In a systematic review evaluating the ef-
fectiveness of lateral bone augmentation on alveolar 
crest dimensions, the mean bone gain for all studies 
was 3.90 mm (95% CI, 3.52–4.28 mm)59; the authors of 
that review included a broader range of experimental 
methods including the use of bone blocks and growth 
factors. When looking at the values for equivalent 
methods, the results of the present study are similar to 
those reported in their analysis.

Only four studies reported on radiographically 
confirmed vertical bone loss during follow-up. In 
these studies the overall mean vertical bone loss was 

Table 4  Details of the Guided Bone Regeneration Procedures in the Included Treatment Arms 

Publication ID/
Authors Year

Implant 
placement

Defect 
classification Membrane type Supporting material Decortications

Membrane 
fixation

Healing time 
of regenerated 

bone (mo)
Membrane 

exposure rate
Horizontal 
bone gain

Vertical 
bone gain

Bone 
loss

1 Amorfini et al42 2014 Simultaneous Horizontal Non–cross-linked ABC + ABBM + SS ND ND 6 Yes No No Yes

2 Annen et al43 2011 Simultaneous Horizontal a) Non–cross-linked ABBM No No 6 Yes Yes Yes No

2 Annen et al43 2011 Simultaneous Horizontal b) Cross-linked ABBM No No 6 Yes Yes Yes No

3 Van Assche et al44 2013 Simultaneous Horizontal Non–cross-linked a) ABBM Yes No 6.4 Yes Yes Yes Yes

3 Van Assche et al44 2013 Simultaneous Horizontal Non–cross-linked b) β-TCP/HA Yes No 6.4 Yes Yes Yes Yes

4 Becker et al45 2009 Simultaneous Horizontal a) Non–cross-linked ABBM Yes No 4 Yes Yes Yes No

4 Becker et al45 2009 Simultaneous Horizontal b) Cross-linked ABBM Yes No 4 Yes Yes Yes No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

a) Horizontal Cross-linked a) FDBA Yes No 5–7 Yes Yes No No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

b) Vertical Cross-linked a) FDBA Yes No 5–7 Yes No Yes No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

a) Horizontal Cross-linked b) FDBA + ABC Yes No 5–7 Yes Yes No No

5 Beitlitum et al46 2010 Simultaneous 
and subsequent

b) Vertical Cross-linked b) FDBA + ABC Yes No 5–7 Yes No Yes No

6 Carpio et al16 2000 Simultaneous ND Non–cross-linked ABC + ABBM ND No clear 
assignment

6 Yes Yes Yes No

7 Friedmann et al8 2002 Subsequent Horizontal Cross-linked ABBM + VB Yes No 7 Yes No No No

8 Friedmann et al47 2011 Simultaneous Horizontal Non–cross-linked β-TCP/HA ND ND 6 Yes Yes No No

8 Friedmann et al47 2011 Simultaneous Horizontal Cross-linked β-TCP/HA ND ND 6 Yes Yes No No

9 Jung et al19 2009 Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 6 Yes No Yes No

10 Kim et al48 2010 Simultaneous Horizontal Cross-linked DBM ND Yes a) 4 No No No No

10 Kim et al48 2010 Simultaneous Horizontal Cross-linked DBM ND Yes b) 6 No No No No

11 Meijndert et al50 2005 Subsequent Horizontal Non–cross-linked ABBM + VB Yes Yes 6 No No No No

12 Meijndert et al49 2008 Subsequent Horizontal Non–cross-linked ABBM + VB Yes Yes 6 No No No Yes

13 Merli et al9 2014 Simultaneous Vertical Non–cross-linked ABC + OM Yes No 4/6 Yes No Yes Yes

14 Mordenfeld et al51 2014 Subsequent Horizontal Non–cross-linked a) ABC (10%) + ABBM 
(90%) + FG

Yes No 8/1 Yes Yes No No

14 Mordenfeld et al51 2014 Subsequent Horizontal Non–cross-linked b) ABC (40%) + ABBM 
(60%) + FG

Yes No 8/1 Yes Yes No No

15 Nemcovsky and Artzi52 2002 Simultaneous Horizontal Non–cross-linked ABBM ND No 6–8 Yes No Yes No

15 Nemcovsky and Artzi52 2002 Simultaneous Horizontal Non–cross-linked ABBM ND No 6–8 Yes No Yes No

16 Park and Wang54 2007 Simultaneous Horizontal a) Non–cross-linked FDBA ND ND ND No No No No

16 Park and Wang54 2007 Simultaneous Horizontal b) Cross-linked FDBA ND ND ND No No No No

17 Park et al53 2008 Simultaneous Horizontal a) Non–cross-linked FDBA Yes No 6 Yes Yes Yes No

17 Park et al53 2008 Simultaneous Horizontal b) Cross-linked FDBA Yes No 6 Yes Yes Yes No

18 Sisti et al55 2012 Simultaneous Horizontal Non–cross-linked HA ND ND 3–4 No No No No

19 Zitzmann et al6 (1997) Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible 
6 maxilla

19 Zitzmann et al6 (1997) Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible
6 maxilla

Yes No No No

20 Zitzmann et al56 2001 Simultaneous Horizontal Non–cross-linked ABBM Yes Yes 4 mandible
6 maxilla

No No No Yes

Yes = positive; No = negative; ND = not detected/reported value; ABBM = anorganic bovine bone material; ABC = autologous bone chips;  
β-TCP = beta tricalciumphosphate; CM = collagen membrane; DBM demineralized bone matrix; FDBA = freeze-dried bone allograft; FG = fibrin glue; 
HA = hydroxyapatite; OP = osteosynthesis materials; SS = saline solution; VB = venous blood.
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Amorfini et al42 (2014)
Annen et al43 (2011)—Treatment 1
Annen et al43 (2011)—Treatment 2
Van Assche et al44 (2013)—Treatment 1
Van Assche et al44 (2013)—Treatment 2
Beitlitum et al46 (2010)—Treatment 1
Beitlitum et al46 (2010)—Treatment 2
Beitlitum et al46 (2010)—Treatment 3
Beitlitum et al46 (2010)—Treatment 4
Carpio et al16 (2000)
Friedmann et al47 (2011)—Treatment 1
Friedmann et al47 (2011)—Treatment 2
Jung et al19 (2009)
Meijndert et al50 (2005)
Meijndert et al49 (2008)
Merli et al9 (2014)
Mordenfeld et al51 (2014)—Treatment 1
Mordenfeld et al51 (2014)—Treatment 2
Nemcovsky and Artzi52 (2002)—Treatment 1
Nemcovsky and Artzi52 (2002)—Treatment 2
Park et al53 (2008)—Treatment 1
Park et al53 (2008)—Treatment 2
Zitzmann et al6 (1997)—Treatment 1
Zitzmann et al6 (1997)—Treatment 2
Zitzmann et al56 (2001)
Summary

Implant survival (%)
0 25 50 75 100

Fig 2  Forest plot of implant survival rates 
for all included studies. Estimated survival 
rate of 99.13% (CI, 97.23%–99.96%).

Beitlitum et al46 (2010)—Treatment 1
Beitlitum et al46 (2010)—Treatment 2
Beitlitum et al46 (2010)—Treatment 3
Beitlitum et al46 (2010)—Treatment 4
Meijndert et al50 (2005)
Meijndert et al49 (2008)
Mordenfeld et al51 (2014)—Treatment 1
Mordenfeld et al51 (2014)—Treatment 2
Subsequent
Amorfini et al42 (2014)
Annen et al43 (2011)—Treatment 1
Annen et al43 (2011)—Treatment 2
Van Assche et al44 (2013)—Treatment 1
Van Assche et al44 (2013)—Treatment 2
Beitlitum et al46 (2010)—Treatment 1
Beitlitum et al46 (2010)—Treatment 2
Beitlitum et al46 (2010)—Treatment 3
Beitlitum et al46 (2010)—Treatment 4
Carpio et al16 (2000)
Friedmann et al47 (2011)—Treatment 1
Friedmann et al47 (2011)—Treatment 2
Jung et al19 (2009)
Merli et al9 (2014)
Nemcovsky and Artzi52 (2002)—Treatment 1
Nemcovsky and Artzi52 (2002)—Treatment 2
Park et al53 (2008)—Treatment 1
Park et al53 (2008)—Treatment 2
Zitzmann et al6 (1997)—Treatment 1
Zitzmann et al6 (1997)—Treatment 2
Zitzmann et al56 (2001)
Simultaneous

Implant survival (%)
0 25 50 75 100

Fig 3  Forest plot of implant survival rates 
based on the time of implant placement. Es-
timated survival rate for subsequent implant 
placement 98.30% (CI, 92.49%–99.97%). 
Estimated survival rate for simultaneous im-
plant placement 99.75% (CI, 99.75%–100%).
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Amorfini et al42 (2014)
Annen et al43 (2011)—Treatment 1
Annen et al43 (2011)—Treatment 2
Van Assche et al44 (2013)—Treatment 1
Van Assche et al44 (2013)—Treatment 2
Beitlitum et al46 (2010)—Treatment 1
Beitlitum et al46 (2010)—Treatment 2
Beitlitum et al46 (2010)—Treatment 3
Beitlitum et al46 (2010)—Treatment 4
Carpio et al16 (2000)
Friedmann et al47 (2011)—Treatment 1
Friedmann et al47 (2011)—Treatment 2
Friedmann et al8 (2002)—Treatment 1
Friedmann et al8 (2002)—Treatment 2
Jung et al19 (2009)
Merli et al9 (2014)
Mordenfeld et al51 (2014)—Treatment 1
Mordenfeld et al51 (2014)—Treatment 2
Nemcovsky and Artzi52 (2002)—Treatment 1
Nemcovsky and Artzi52 (2002)—Treatment 2
Park and Wang54 (2007)—Treatment 1
Park and Wang54 (2007)—Treatment 2
Park et al53 (2008)—Treatment 1
Park et al53 (2008)—Treatment 2
Zitzmann et al6 (1997)—Treatment 1
Zitzmann et al6 (1997)—Treatment 2
Summary

Membrane exposure rate (%)

0 25 50 75 100

Fig 4  Forest plot of membrane 
exposure rates. Overall estimated 
membrane exposure rate 23.19% 
(CI, 12.70%–39.12%).

Annen et al43 (2011)—Treatment 2
Beitlitum et al46 (2010)—Treatment 1
Beitlitum et al46 (2010)—Treatment 2
Beitlitum et al46 (2010)—Treatment 3
Beitlitum et al46 (2010)—Treatment 4
Friedmann et al47 (2011)—Treatment 1
Friedmann et al8 (2002)—Treatment 1
Park and Wang54 (2007)—Treatment 1
Park et al53 (2008)—Treatment 1
Cross-linked
Amorfini et al42 (2014)
Annen et al43 (2011)—Treatment 1
Van Assche et al44 (2013)—Treatment 1
Van Assche et al44 (2013)—Treatment 2
Carpio et al16 (2000)
Friedmann et al47 (2011)—Treatment 2
Jung et al19 (2009)
Merli et al9 (2014)
Mordenfeld et al51 (2014)—Treatment 1
Mordenfeld et al51 (2014)—Treatment 2
Nemcovsky and Artzi52 (2002)—Treatment 1
Nemcovsky and Artzi52 (2002)—Treatment 2
Park and Wang54 (2007)—Treatment 2
Park et al53 (2008)—Treatment 2
Zitzmann et al6 (1997)—Treatment 1
Zitzmann et al6 (1997)—Treatment 2
Non–cross-linked

Membrane exposure rate (%)
0 25 50 75 100

Fig 5  Forest plot of membrane ex-
posure rate comparing cross-linked 
and non–cross-linked membranes. 
Estimated membrane exposure 
rate of cross-linked membranes 
28.62% (CI, 14.14%–49.32%). Esti-
mated survival rate for non–cross-
linked membranes 20.74% (CI, 
11.16%–36.19%).
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0.968 ± 0.258 mm with a mean observation period of 
33.42 months (range, 12–72 months). The different 
treatment modalities could not be compared due to 
differences in reporting and study design. The highest 
vertical bone loss value, 1.34 mm, was measured at the 
5-year follow-up of a long-term study.56 According to 
the success criteria devised by Albrektsson et al,61 all of 
the implants included in this analysis were successful 
based on their bone resorption values.

Role of Membrane Fixation and Decortication
The results of this meta-analysis indicate that the 
amount of newly regenerated vertical bone is much 
higher when the collagen membrane is fixed (mean 
4.25 mm) than when it is not (mean 2.94 mm), even 
though this difference did not reach statistical signifi-
cance. Because the amount of evidence for the com-
pared groups differed substantially, it is difficult to 
draw conclusions from this result. Of the 6 study arms 
reporting on fixed membranes, only 1 reported bone 
gain, whereas 7 of the 21 arms reporting on mem-
branes without fixation reported bone gain. The in-
creased bone gain seen with fixed membranes can be 
explained by one of the basic principles of GBR, ie, that 
a space should be maintained under the membrane to 
prevent its collapse. Fixing the membrane immobilizes 
the particulate bone graft at the desired position. It 
also prevents migration of the graft into surrounding 
tissues during suturing and volume loss.31

Decortication may affect the amount of horizontal 
bone gain. In this review, the mean horizontal bone 
gain (depth, perpendicular to the alveolar ridge) was 
2.98 mm with decortication and 0.85 mm without de-
cortication. Numerous publications have reported that 

perforation of the alveolar corticalis gives progenitor 
cells more access to the grafted site and ensures better 
nutrition and revascularization, especially in cases of 
dense bone.6,31,45 A review of animal studies investigat-
ing bone decortication for GBR could not determine the 
impact of this technique because of the small number 
of trials included and heterogeneous study protocols.62 
In that review, there were only 2 study arms report-
ing on GBR without decortication compared with 20 
arms with decortication. Additionally, one of the GBR 
without decortication study arms used a cross-linked 
membrane that has had a high membrane exposure 
rate (56%).43 However, cortical perforation seemed to 
have no effect on vertical bone gain when considering 
arms within the same study, indicating that perforation 
of the alveolar corticalis may have a positive effect on 
more distant areas of the graft, such as perpendicular 
to the implant axis or the alveolar ridge.

CONCLUSIONS

The literature search identified enough evidence-based 
data from relevant clinical studies to perform a system-
atic review and meta-analysis on GBR with particulate 
graft material and resorbable collagen membranes.

Based on the findings of this systematic review and 
meta-analysis, GBR with particulate graft material and 
resorbable collagen membranes is an effective tech-
nique for lateral alveolar ridge augmentation prior to or 
simultaneously with dental implant placement, having 
similar implant survival rates compared to pristine bone. 
Therefore, it can be concluded that a simultaneous ap-
proach is indicated whenever possible, as it reduces the 

Table 5  Vertical Bone Gain (mm) Based on Decortication and Membrane Fixation

Mean SD Median IQR n Missing

Membrane Fixed 4.25 4.25 0.00 6 5

Not fixed 2.94 1.05 3.00 1.44 21 14

Decortication No 3.25 2.05 3.25 1.45 2 0

Yes 3.05 0.88 3.24 1.12 21 15

Total 3.05 1.02 3.00 1.34 34 25

SD = standard deviation; IQR = interquartile range; n = number of study arms.

Table 6  Horizontal Bone Gain (Depth in mm) Based on Decortication and Membrane Fixation

Mean SD Median IQR n Missing

Membrane Fixed 6 6

Not fixed 2.27 1.68 1.66 1.92 21 15

Decortication No 0.85 0.35 0.85 0.25 2 0

Yes 2.98 1.63 2.67 2.25 21 17

Total 2.27 1.68 1.656 1.92 34 28

SD = standard deviation; IQR = interquartile range; n = number of study arms.
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number of surgeries, which lowers morbidity, reduces 
treatment time, and increases patient comfort. 

Statements for vertical ridge augmentation with the 
mentioned materials cannot be given to date based on 
the available data. 

Anorganic bovine bone mineral is an effective graft-
ing material for GBR that provides sufficient newly re-
generated bone as well as high implant survival rates. 

Early exposure of collagen membranes during GBR is a 
relatively common complication and has to be expected in 
approximately one-fifth of the cases. Although the mem-
brane exposure rates for cross-linked membranes were 
30% higher than for non–cross-linked membranes, a direct 
effect on the quantity of bone gain as well as implant out-
comes could not be identified in this meta-analysis. 

The results of the meta-analysis showed weak evi-
dence that the fixation of collagen membranes with pins 
or sutures increased the amount of newly regenerated 
bone. Decortication of the alveolar cortical bone also led 
to an increased alveolar ridge width, even though these 
values did not reach statistical significance. These find-
ings may represent beneficial additional techniques for 
the practice when performing GBR.
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