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Abstract

Introduction: The primary aim of this systematic review was to investigate and
compare the outcomes of different vertical ridge augmentation (VRA) techniques in
relation to peri-implant bone loss (PBL), after at least 12 months of functional
loading.

Material and methods: The search was conducted to find all the studies about VRA
and measurements of PBL with at least 12 months follow-up. Three pairwise meta-
analysis (MA) was performed to completely evaluate the outcomes.

Results: A total of 42 studies were included, of which 11 were randomized clinical tri-
als (RCTs). RCTs were available only for guided bone regeneration (GBR), onlay, and
inlay techniques. The weighted mean estimate (WME) of PBL value was found to be
1.38 mm (95% confidence interval [95% Cl]: 1.10-1.66) after a mean follow-up of
41.0 + 27.8 months. GBR, Inlay, Onlay, osteodistraction, and SBB represented in
weight 32.9%, 30.6%, 25.0%, 7.6%, and 3.9%, respectively; and their WME (95% Cl)
were 1.06 (0.87-1.26) mm, 1.72 (1.00-2.43) mm, 1.31 (0.87-1.75) mm, 1.81 (0.87-
1.75) mm, and 0.66 (0.55-0.77) mm, respectively. Among the secondary outcomes,
the analysis was conducted for vertical bone gain, healing complication rate, surgical
complication rate, implant survival, and success rate.

Conclusions: The primary findings of the meta-analysis, based on the changes
between final and baseline values, showed that the peri-implant bone loss could be
influenced by the type of intervention but there is a need to evaluate in RCTs
the behavior of the peri-implant bone levels after long-term follow-up for all

techniques.
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What is known

12 months.

1 | INTRODUCTION

It is well known that tooth loss triggers progressive bone resorption
and three-dimensional alveolar bone loss.! Indeed, the alveolar ridge
is rapidly reabsorbed during the first 6 months after dental extraction
and several factors such as the presence of periodontal disease, peria-
pical pathology, or trauma, can increase resorption even before tooth
loss.2 The residual bone volume after extractions may not be suffi-
cient for the placement of standard implants.3~¢

Commonly, an atrophic or severely deficient edentulous ridge
will require bone augmentation either simultaneous to implant
placement or in a staged approach.” High predictable results, low
complication rates, and an implant survival rate of 97%-100% have
been reported for horizontal bone augmentation procedures.”®
However, vertical ridge augmentation (VRA) is a more technically
and biologically challenging technique and has been associated with
higher complication rates and less predictable results, due to its high
sensitivity.” 11

For this reason, other approaches, such as short dental implants,
have been proposed.'?*® However, on many occasions, the bone
height is insufficient for the placement of short implants'* and they
are not normally used in the anterior maxillary region because of the
high aesthetic demands of this area.®

For these reasons, VRA techniques are used to provide adequate
bone volume and to achieve an adequate aesthetic result in various
clinical situations.'®

Many systematic reviews about VRA reported data regarding
vertical bone gain (VBG) and/or complication rates and/or implant
survival using the different surgical approaches: Guided Bone
Regeneration, inlay graft, onlay graft, distraction osteogenesis, or split
bone block technique.*’~23

During the consensus report on Bone Regeneration in 2018,
Jepsen et al. stated that VRA is a high technique-sensitive surgical
intervention where the key elements are appropriate graft/barrier sta-

bilization, the appropriate flap management, and soft tissue closure.

What this study adds

e Although most of systematic reviews reported data related to peri-implant bone loss (PBL) of

e Vertical ridge augmentation techniques give significant and predicable vertical bone gain
(VBG), associated with high complications.
e Many systematic reviews reported data regarding VBG and/or complication rates.

implants placed in augmented sites using different approaches, none was conducted consid-
ering PBL as the primary outcome.

e The aim of this systematic review was to investigate and compare the outcomes of different
vertical ridge augmentation techniques in relation to PBL, after a follow-up of at least

The results of the systematic review showed a weighted mean clinical
VBG of 4.16 mm (95% confidence interval [95% Cl: 3.72-4.61 mm).
The weighted mean complication rate was 16.9% (95% Cl: 12.5-21),
influenced by the type of procedure with a 47.3% complication rate
for distraction osteogenesis, 12.1 % guided bone regeneration, and
23.9% for the use of blocks. The weighted mean bone loss of studies
with at least 12 months follow-up, was 1.01 mm (distraction osteo-
genesis showed a bone loss of 1.4 mm, guided bone regeneration of
0.99 mm, and autologous bone blocks of 0.77 mm).

Although most of systematic reviews reported data related to
peri-implant bone loss (PBL) of implants placed in augmented sites
using different approaches, none has been done primarily about this
issue, considering PBL as the primary outcome.!?

Since the patient, intervention, comparison, outcome (PICO)
question and primary outcomes are strictly related together and they
strongly influence the selection of the studies and the data collected
from them, the lack of a dedicated search strategy on PBL is the ratio-
nale of the present systematic review and meta-analysis (MA).

Furthermore, a systematic review dedicated to PBL can draw
more consistent data on implant survival and success rates, that are
closely related to PBL and follow-up.

The first objective of this systematic review was to evaluate if
there are significant differences between the different VRA tech-
niques in relation to the PBL over time, considering results after three
different follow-up periods (short term, medium term, and long term).
The secondary objectives were to assess whether any differences
exist between VBG, complication rates, and implant survival and

success.

2 | MATERIALS AND METHODS

This systematic review fully adhered to guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA)?* and was registered at the PROSPERO platform under
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code number CRD4201912958 (https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=129587).

The criteria for selecting studies to be included in the systematic
review were based on PICO strategy. The focused question is: Which
is the VRA technique having less PBL over the years?

Population: Patients over 18 years of age, showing good general
health, with different vertical deficiencies. Intervention: Treatment of
vertical deficiencies by means of different VRA techniques. Compari-
son: guided bone regeneration (GBR; nonresorbable, resorbable mem-
branes and titanium mesh), Onlay graft (ONLAY), not covered and
covered with a resorbable membrane), Inlay graft (INLAY), Distraction
Osteogenesis (DISTR), and Split bone block technique (SBB). Out-
comes of interest: the changes of crestal bone levels around implants

placed in vertically augmented alveolar ridges.

2.1 | Search strategy

MEDLINE (PubMed), EMBASE, and Web of Science were systemically
searched from January 1996 to January 2021 (a total of 25 years).
References from the included studies were manually checked to iden-

tify any other additional studies.

The searches were independently performed by two researchers
(FM and GAP), using the following search string including medical sub-
ject headings (MeSH) and related keywords: “(Bone augmentation OR
Alveolar ridge augmentation OR Vertical ridge augmentation OR Ver-
tical bone regeneration OR Vertical bone reconstruction OR Vertically
augmented sites OR Vertical bone gain) AND (Peri-implant Bone loss
OR Crestal bone loss OR Marginal bone loss OR Bone resorption OR
Peri-implant Bone level OR Crestal bone level OR Marginal bone
level).”

Moreover, to ensure a thorough screening process, a manual
search of articles published in the same time frame and concerning
the same issue, was conducted in the following journals: Clinical
Implant Dentistry and Related Research, Clinical Oral Implants Research,
European Journal of Oral Implantology, International Journal of Oral
Implantology, International Journal of Oral and Maxillofacial Implants,
International Journal of Oral and Maxillofacial Surgery, Journal of Oral
Implantology, Journal of Clinical Periodontology, Journal of Periodontal
Research, Journal of Periodontology, and International Journal of Peri-
odontics & Restorative Dentistry, Implant Dentistry.

In addition, the reference lists of all selected articles (bibliography)
related to the topic were subjected to scrutiny to raise the number of

eligible articles in the present review.

Database search
(3881 articles)

Identification

3448 articles were excluded

for not meeting the inclusion
criteria

Articles selected for abstract
analysis
(433 articles)

Screening

324 articles were excluded

for not meeting the inclusion
criteria

Selected articles for full-text
reading
(109 articles)

Eligibility

66 articles were excluded for

not meeting the inclusion
criteria

Included articles
(43 articles)

Included

32 non-randomised studies

11 RCTs

GRAPH 1

Flow chart for study selection process. RCT, randomized clinical trial.
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TABLE 2 Descriptive statistic of the

WILEY_L %

X i o VRA technique Study design Number of patients Number of implants
included studies divided by VRA
technique. GBR 14 studies 4 RCT Baseline: 320 Baseline: 779
3 PROS Final: 275 Final: 635
7 RETR
INLAY 14 studies 7 RCT Baseline: 321 Baseline: 1408
3PROS Final: 277 Final: 1019
4RETR
ONLAY 13 studies 1RCT Baseline: 389 Baseline: 1177
4 PROS Final: 362 Final: 1086
8 RETR
DISTR 4 studies 3 PROS Baseline: 75 Baseline: 263
1 RETR Final: 74 Final: 162
SBB 2 studies 2 PROS Baseline: 163 Baseline: 377
Final: 139 Final: 327
Overall 43 studies 11 RCT Baseline: 1268 Baseline: 4004
15 PROS Final: 1127 Final: 3229
17 RETR

Abbreviations: CCT, controlled clinical trial; PROS, prospective study; RCT, randomized clinical trial;
RETR, retrospective study; VRA, vertical ridge augmentation.

TABLE 3 Assessing risk of bias in included RCTs.

Deviations from
the intended
interventions
(effect of
adhering to

Deviations from
the intended
interventions
(effect of

Randomization assignement to

process intervention) intervention)
42 ? R +
52 + B 7
43,44 EE e 4L
61 s ? ?
60 + ? ?
59 + ? ?
65 Es ? ?
66 + ? ?
67 + B %
O 4 +

Note: +, positive; ?, doubtful; —, negative.
Abbreviation: RCTs, randomized clinical trials.

2.2 | Study selection

After electronic and manual research, all titles, abstracts, and key-
words were screened and the following inclusion/exclusion criteria
were applied.

The Inclusion criteria were: study published in an international
peer-reviewed journal; study published in English; study with an
involved number of patients 210 for each surgical technique analyzed;
studies aiming at vertical bone regeneration evaluating the effective-
ness of interventions; studies evaluating the effectiveness of VRA
procedures using radiographs; studies with a minimum follow-up of
12 months after definitive loading; randomized clinical trial (RCT),

Missing Measurement of Selection of the
outcome data the outcome reported result Overall bias
+ + 4 ?
+ + + ?
4 A 4 3
i o o5 ?
+ + + ?
- + + ?
it -+ o ?
+ + + ?
- + + ?
-+ o -+ a5

nonrandomized clinical trial, prospective cohort studies (PROS), and
retrospective cohort studies (RETR).

The Exclusion criteria were in vitro studies, animal studies, case
series and case reports (including the articles reporting, case series
and case reports, in the title or in the text); studies concerning bone
regeneration aimed only at horizontal bone regeneration; studies pub-
lished prior to 1996.

Afterwards, the full texts of all articles selected during the screen-
ing stage were retrieved and independently assessed for inclusion by
both researchers. Any disagreements were solved by discussion.

The surgical techniques suggested for VRA were divided into four

main groups:
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TABLE 4 Assessing quality of nonrandomized studies.
Author and pubblication year Quality classification Selection Comparability Exposure/Outcome
Simion et al.%° High * Kk * * %k k
Nystrém et al.®? Low ** NA *
Chiapasco et al.52 High * Kk NA * %
Hallman et al.®® High * * NA * %k
Polo et al.®* Low * Kk NA *
Chiapasco et al.%” Moderate ** NA * %
Pieri et al.”* Moderate * * NA * X
Marchetti et al.%” High * Kk NM * kK
Canullo et al.®® High %k k NA * %
Urban et al.*’ Moderate ** NA *k
Corinaldesi et al.*° High * Kk NA * Kk
Nystrom et al.#* Low * k NA *
Canullo et al.* High * ke NA * %
Todisco® High *kk NA **
De Riu et al.*’ Moderate * NA * %
Pieri et al.*® Moderate * * NA *k
Mertens et al.*’ Moderate ** NA * Kk
Pérez-Sayans et al.”® Moderate * k NA * %
Kim et al.>* Moderate ** * **
Pefiarrocha-Oltra et al.>® Moderate ** NA *k
Boven et al.>* Low * NA **
Fontana et al.>® High * * NA * %k
Yuetal>® High * Kk NA * kK
Barone et al.”® Moderate * % * **
Park et al.>® Low * * * %
Pieri et al.>¢ High *k NA * kK
Chiapasco et al.®? High * %k NA * %k
Marconcini et al.®® Moderate ** NA 2 2.0 ¢
Khoury et al.?® High * Kk NA * Kk
Geng et al.** Moderate * % NA * %
Chiapasco et al.%® High *k NA * * *
Pistilli et al.®® High *k NA *kk

Note: High, high-quality study; moderate, moderate-quality study; low, low-quality study.

“GBR” group (GBR), that included all approaches based on the
application of biological barriers as cell-selective and space-making
device;

“Onlay graft” group (ONLAY), based on the application of exter-
nal bone blocks;

“Inlay graft” group (INLAY), based on the application of internal
bone blocks after osteotomy and immediate expansion;
“Distraction Osteogenesis” group (DISTR), based on the appli-
cation of distractor after osteotomy and progressive
expansion;

“Split bone block technique” group (SBB), based on the applica-

tion of bone block lamina after bone block splitting.

Since GBR procedures can be performed using three different
types of “barrier,” that is () PTFE membranes (PTFE), (ii) collagen
membranes (COLLAG), and (iii) titanium meshes (MESH), data related
to these surgical approaches were considered separately.

In this review split bone block (SBB) and inlay graft (INLAY) were
considered two different surgical techniques and their results
were separately evaluated although both include bone splitting. The
reasons were that the SBB consists in the stabilization of two split
autologous bone blocks to the ridge, with microscrews, that are
always obtained either from the mandibular symphysis or ramus. The
void that has been created between the blocks is filled with particu-

late autogenous bone.?®
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Group and Author, year

GBR

Merli 2010-2014- Group Test
Merli 2010-2014 - Group Control
Rokn 2018

Cucchi 2021- Group Test
Cucchi 2021 - Group Control
Pieri 2008

Canullo 2010

Todisco 2010

Simion 1999 - Group A

Simion 1999 - Group B
Canullo 2008

Urban 2009

Corinaldesi 2009 - Sub Group 1
Corinaldesi 2009 - sub Group 2
Fontana 2015

Park 2017

Pistilli 2020

Subgroup, DL (/2 = 92.2%, p = 0.000)

INLAY
Felice 2018
Bolle 2018
Felice 2019 a
Felice 2019 b
Esposito 2019
Dottore 2014 - Group Test
Dottore 2014 - Group Control
Felice 2009 - Group Test
Chiapasco 2007
Nystrém 2009

larconcini 2019
Hallman 2005 - Sub Group 1
Hallman 2005 - Sub Group 2
Marchetti 2008
Barone 2017
Geng 2019
Subgroup, DL (/2 = 99.9%, p = 0.000)

Felice 2009 - Group Control
Nystrém 2004

De Riu 2012

Pieri 2013

Mertens 201 3

Kim 2013
Pefarrocha-Oltra 2014
Boven 2014

Barone 2017

Park 2017 ——

Pieri 2017

Chiapasco 2018

Chiapasco 2020

Subgroup, DL (2 = 98.2%, p = 0.000)

DISTR

Chiapasco 2004

Polo 2007

Pérez-Sayans 2013

Kim 2013

Subgroup, DL (2 = 95.6%, p = 0.000)

SBB

Yu 2016

Khoury 20

Subgroup, DL (> =34.8%, p =0.215)

Heterogeneity between groups: p 0.000
Overall, DL (2 = 99.6%, p = 0.000)

Effect (95% Cl) Weight %
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NOTE: Weights and bet ibgroup test are from random-effects model

FIGURE 1

2.3 | Outcomes of interest

The primary outcome of the systematic review is PBL, defined as the
difference between peri-implant bone level at follow-up and peri-
implant bone level at baseline. The peri-implant bone level (or crestal
bone level) is defined as the distance between the implant shoulder
and the first bone-implant contact measured at both the mesial and
distal aspects.?®

The following secondary outcomes were also investigated:

o VBG: defined as change in the clinical vertical alveolar ridge dimen-
sion, as determined by direct linear measurements between base-
line and re-entry!

e Healing complications rate (HCR), which indicates the percentage
of complications involving loss of graft integration, like flap dehis-
cence, graft or membrane exposure, local infection;

e Surgical complications rate (SCR), which specifies the complica-
tions rate that does not involve loss of graft integration,
such as vascular damage, paresthesia/dysesthesia, and pro-

longed pain;

Forest plot for peri-implant bone loss (PBL) over time. Comparison of PBL values between surgical techniques.

e Implant survival and success rate (SURV and SUCC), that were
assessed according to the criteria described in Buser et al.?” as
modified by Albrektsson and Zarb?®;

e Patient-reported outcome measures (PROMs), such as pain, dis-
comfort, and satisfaction;

e Probing pocket depth (PPD) and Gingival or Bleeding indexes
(Gl or BI);

e Mucositis and peri-implantitis rates (%) (MPR), defined as the
occurrence of mucositis (BOP with or without increased PPD and
without radiographic bone loss) and/or peri-implantitis (BOP with

or without increased PPD and with radiographic bone loss.?’

2.4 | Data extraction

Data extraction was performed independently by two researchers
(MF and PGA). The following information was extracted for each
included article: author(s), publication year, study design; number of
patients; jaw of interest; type of edentulism; type of procedure (surgical

technique); treatment definition and implant positioning (simultaneous or
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%

Group and Author year Effect (95% Cl) Weight
GBR
Merli 2010-2014 - Group Test —— : 0.51(0.29, 0.73) 3.36
Merli 2010-2014 - Group Control — 0.59 (0.21, 0.97) 3.21
Rokn 2018 —_— 0.47 (0.14, 0.80) 3.26
Cucchi 2021 - Group Test - 0.61 (0.46, 0.76) 3.41
Cucchi 2021 - Group Control - 0.67 (0.51, 0.83) 3.40
Pieri 2008 e o 1.26 (1.11, 1.41) 3.41
Todisco 2010 - 0.95 (0.86, 1.04) 3.43
Urban 2009 | —— 1.40 §1 .04, 1.76% 3.23
Fontana 2015 —— ! 0.34 (0.03, 0.65 3.29
Subgroup, DL (2 = 90.6%, p = 0.000) < 0.76 (0.55, 0.97) 30.01
INLAY :
Felice 2018 - 1.00 (0.89, 1.11) 3.42
Bolle 2018 L N 0.77 EO.75, 0.79§ 3.45
Felice 2019 a R 4 1.07 (1.04, 1.10 3.44
Felice 2019 b o ol 1.20 (0.96, 1.44) 3.35
Esposito 2019 Lo 1.03 (0.89, 1.17) 3.41
Chiapasco 2007 - 0.97 (0.81, 1.13) 3.40
Nystrém 2009 | * 2.54 (2.51, 2.57) 3.44
Marconcini 2019 - 0.63 (0.47, 0.79) 3.40
Barone 2017 - 0.80 (0.61, 0.99) 3.39
Dottore 2014 - Group Test —_—— 0.78 (0.30, 1 .26) 3.08
Dottore 2014 - Group Control —_— 1.02 (0.47, 1.57) 2.99
Subgroup, DL (2 = 99.9%, p = 0.000) —_ 1.08 (0.60, 1.55) 36.78
ONLAY !
Nystrém 2004 : - 1.42 §1 .28, 1.56% 3.41
De Riu 2012 , * 1.30 (1.21, 1.39 3.43
Pieri 2013 - | 0.33 E0.24, 0.42§ 3.43
Pefiarrocha-Oltra 2014 —_— 0.70 (0.22, 1.18 3.09
Barone 2017 | —— 1.40 (1.15, 1.65) 3.34
Pieri 2017 —— 0.75 (0.47, 1.03) 3.31
Subgroup, DL (/2 = 98.3%, p = 0.000) e 0.99 (0.52, 1.46) 20.02
DISTR |
Chiapasco 2004 - 0.80 (0.67, 0.93) 3.42
Polo 2007 | —e———— 2.60(1.98, 3.22) 2.89
Pérez-Sayans 2013 * 0.66 (0.60, 0.72) 3.44
Subgroup, DL (2 = 95.0%, p = 0.000) e — 1.11 (0.72, 1.50) 9.74

I
SBB !
Khoury 2019 * ! 0.21 (0.18,0.24 3.44
Subgroup, DL (2 = 0.0%, p = .) ¢ | 0.21 (0.18, 0.24 3.44
Heterogeneity between groups: p = 0.000 !
Overall, DL (2 = 99.7%, p = 0.000) P 0.95 (0.69, 1.22) 100.00

| |

-2 0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

FIGURE 2

staged); membrane/mesh brand(s); healing time; number of implants
(at baseline and at the end of follow-up); implant brand(s); implant sur-
face (rough or machined); Implant connection; follow-up time of
implants; and PBL over time. In case of missing data or where required
information could not be retrieved from the full texts of included studies,
the two researchers contacted the authors by e-mail.

In order to compare the changes of PBL values over time for each
technique, the authors assessed PBL values into three time intervals:

e short-term follow-up: between 12 and 24 months (212 months;
<24 months);

e medium-term follow-up: between 24 and 60 months (224 months;
<60 months);

e long-term follow-up: 60 months or longer (260 months).

Based on the data reported in the included articles, it was possi-
ble to calculate a numerical coefficient that indicates the final PBL in
relation to the VBG, giving information about the stability of the aug-
mented bone using the different techniques.

Forest plot for peri-implant bone loss (PBL) at short-term follow-up. Comparison of PBL values between surgical techniques.

It was calculated as the ratio between the mean values of PBL
and VBG stated into the included studies. The results were broken
down by surgical technique and stratified according to the follow-up

periods, as given in Table 1.

2.5 | Quality assessment and risk of bias
The RCTs were qualitatively assessed following the recommendations
of the Revised Cochrane risk-of-bias tool for randomized trials (RoB
2), based on the following criteria: risk of bias arising from the ran-
domization process, risk of bias due to deviations from the intended
interventions (effect of assignment to intervention), risk of bias due to
missing outcome data, risk of bias in measurement of the outcome,
risk of bias in selection of the reported result. Each bias of each study
was evaluated as follows: positive (4, green code), negative (—, red
code), and doubtful (?, yellow code).

The nonrandomized and observational studies were qualitatively

assessed following the New Castle-Ottawa scale (NOS).”? This scale
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Group and Author year Effect (95% CI) % Weight
GBR
Merli 2010-2014 (3y) - Group Test —_—— 0.55 (0.21, 0.89) 3.43
Merli 2010-2014 (3y) - Group Control —— 0.53 (0.14, 0.92) 3.41
Pieri 2008 JIO' 1.36 (1.21, 1.51) 3.49
Canullo 2010 -, 0.98 (0.80, 1.16) 3.48
Simion 2001 - Group A | —— 1.87 (1.37, 2.37) 3.35
Simion 2001 - Group B | —— 1.70 (1.36, 2.04) 3.43
Canullo 2008 —— 1.40 (1.15, 1.65) 3.47
Urban 2009 —l— 1.39 (0.83, 1.95) 3.32
Park 2017 - 0.43(0.15, 0.71) 3.46
Fontana 2015 —_— 0.94 (0.48, 1.40) 3.38
Pistilli 2020 - 1.27 (1.11,1.43) 3.49
Subgroup, DL (/2 = 87.8%, p = 0.000) <>I 1.12 (0.89, 1.35) 37.72
INLAY '
Felice 2018 | = 1.76 (1.49, 2.03) 3.46
Felice 2019 a e 1.54 (1.47, 1.61) 3.50
Felice 2019 b | —— 1.68 (1.41,1.95) 3.46
Esposito 2019 JIO- 1.39 (1.18, 1.60) 3.48
Felice 2009 - Group Test —_— 0.72 (0.22, 1.22) 3.36
Chiapasco 2007 —_— 1.38 (1.09, 1.67) 3.45
Nystrém 2009 1 * 3.17 (3.12, 3.22) 3.50
Marconcini 2019 -0-: 1.06 (0.90, 1.22) 3.49
Geng 2019 -~ 0.76 (0.58, 0.94) 3.48
Subgroup, DL (2 = 99.6%, p = 0.000) _ 1.50 (0.75, 2.25) 31.19
1
ONLAY 1
Felice 2009 - Group Control ! —— 2.88 (2.18, 3.58) 3.22
Nystrém 2004 ! -> 2.70 (2.58, 2.82) 3.50
De Riu 2012 . 1.40 (1.31, 1.49) 3.50
Pieri 2013 L 4 1 0.54 (0.43, 0.65) 3.50
Mertens 2013 - 0.50 (0.20, 0.80) 3.45
Park 2017 —— ! 0.38 (0.02, 0.74) 3.43
Subgroup, DL (/2 = 99.3%, p = 0.000) _ 1.38 (0.58, 2.17) 20.59
DISTR |
Chiapasco 2004 L g 1.40 (1.27, 1.53) 3.49
Pérez-Sayans 2013 - ! 1.03 (0.91, 1.15) 3.50
Subgroup, DL (2 = 94.2%, p = 0.000) <> 1.21(0.85, 1.58) 6.99
SBB |
Khoury 2019 * 1 0.26 (0.23, 0.29) 3.50
Subgroup, DL (2= 0.0%, p = .) [) ! 0.26 (0.23, 0.29) 3.50
Heterogeneity between groups: p = 0.000 !
Overall, DL (/2 = 99.7%, p = 0.000) = 1.27 (0.83, 1.72) 100.00
I |
-5 0 5
FIGURE 3 Forest plot for peri-implant bone loss (PBL) at medium-term follow-up. Comparison of PBL values between surgical techniques.
0
0.5 5
- 1 \
= G\
y \.\.
2
2.5
Short term Medium term Long term
——GBR  =@—INLAY  =—0—ONLAY DISTR ~ ===—SBB
Short term Medium term Long term
GBR | 0.76 (0.56-0.97) mm 1.12 (0.92-1.32) mm 1.11 (0.76-1.47) mm
INLAY | 1.08 (0.60-1.55) mm 1.65 (1.26-2.03) mm 1.99 (1.66-2.32) mm
ONLAY | 0.99 (0.52-1.46) mm 1.35 (0.75-1.94) mm 1.59 (0.80-2.37) mm
DISTR | 1.11 (0.72-1.50) mm 1.18 (1.02-1.35) mm -
SBB | - - 0.56 (0.30-0.82) mm
GRAPH 2 Schematic representation of peri-implant bone loss (PBL) by surgical technique in the three follow-up periods. Dots's size reflects

the number of studies for each surgical technique. The table below presents the weight mean estimate and corresponding 95% CI.

85UB017 SUOWWIOD BAIER.D 3(gedlidde ayy Aq pausenob ale sejoie O ‘8sn JO Sa|nJ 10} AZeiq1T 8UIUO 8|1 UO (SUO N IPUOD-PUE-SWLBIALI0D" A8 | AReq Ul UO//:SdnL) SUOBIPUOD pue sWs | 84} 88S *[7202/0/22] Uo ARiqiTauljuo AB|Im ‘Wwewnood 79 Media IWeisIS ealy Aq Z8ZET PIO/TTTT'OT/I0p/L00 48| Im Aeiq Ul uo//Sdny Wouy pepeojumod ‘T *v20Z ‘802880LT



CUCCHI ET AL

WILEY_L *

Group and Author year Effect (95% ClI) % Weight
GBR
Merli 2010-2014 (By) - Group Test —_— I 0.58 (0.19, 0.97) 3.56
Merli 2010-2014 (6Y)- Group Control —_ ! 0.49 (0.18, 0.80) 3.59
Urban 2009 —_— 1.40 (0.80, 2.00) 3.45
Corinaldesi 2009 - Sub Group 1 —r 1.55 (1.31, 1.79) 3.61
Corinaldesi 2009 - Sub Group 2 — 1.59 (1.32, 1.86) 3.60
i e e
istilli . .34, 2. .
Subgroup, DL (2 = 91.1%, p = 0.000) _ 1.13 (0.71, 1.55) 24.97
I
INLAY !
Felice 2018 : —_— 2.46 (2.13, 2.79) 3.58
Felice 2019 a | —— 2.11 (1.78, 2.44) 3.58
Felice 2019 b | —— 2.10(1.72, 2.48) 3.57
Esposito 2019 —IrO— 1.70 (1.41, 1.99) 3.60
Nystiom 2009 R S 11 et 364
ystrom . .09, 3. .
Hallman 2005 - Sub Group 1 | ——— 2.30 (1.83, 2.77) 3.52
Hallman 2005 - Sub Group 2 ——— 240(1.57,3.23) 3.29
Marchetti 2008 ! —e—— 282(2.36, 3.28) 3.53
geng 2019 —_— ! 1.09 (0.75, 1.43) 3.58
eng 2019 —— 1.14 (0.94, 1.34) 3.62
Subgroup, DL (/2 = 98.8%, p = 0.000) :<> 2.13 (1.62, 2.64) 39.16
I
ONLAY !
Nystrém 2004 ' - 2.71 (2,57, 2.85) 3.63
Pieri 2013 - 1 0.61 (0.49, 0.73) 3.64
Kim 2013 | —— 2.30 (1.74, 2.86) 3.48
Boven 2014 —— ! 0.60 (0.38, 0.82) 3.62
Pieri 2017 —‘I— 1.61 (1.14, 2.08) 3.52
Chipases 2020 . 106 (076, 134 560
1 . /8, 1. .
Subgroup, DL (2 = 99.0%, p = 0.000) <.> 1.42 (0.62, 2.23) 25.09
DISTR |
Kim 2013 1 —_— 2.60 (2.13, 3.07) 3.52
Subgroup, DL (2 = 0.0%, p = .) I =——  2.60(2.13,3.07) 3.52
I
SBB :
Yu 2016 —— , 0.77 (0.56, 0.98) 3.62
Khoury 2019 * I 0.63 (0.57, 0.69) 3.64
Subgroup, DL (/2 = 34.8%, p = 0.215) < : 0.66 (0.55, 0.77) 7.26
Heterogeneity between groups: p = 0.000 !
Overall, DL (/2 = 99.6%, p = 0.000) <> 1.62 (1.13, 2.10) 100.00
I I
-2 0 2

FIGURE 4

comprises three categories: selection of study groups, comparability
of participants, and outcome. For the first category, the maximum
score is four points, for the second two points, and for the last cate-
gory three points.

Consequently, these studies can reach a score ranging from 1 to
9 points.

2.6 | Statistical analysis
The statistical analysis was conducted by two different operators
(SM and FA\). A traditional pairwise MA was carried out to analyze pri-
mary and secondary outcomes from all the included studies.

Meta-analyses were conducted only on outcomes that had data
from at least two studies, since a minimum of two data are required for
each outcome to reach a mean value and statistical significance in
aMA”2

Therefore, to reduce the risk of bias due to nonrandomized or
noncontrolled or retrospective design of the studies and to have a
higher level of evidence, two adjunctive pairwise MA were performed:
the first including both RCT studies and prospective cohort studies;
and the latter including only RCT studies.

Forest plot for peri-implant bone loss (PBL) at long-term follow-up. Comparison of PBL values between surgical techniques.

2.6.1 | Pairwise MA

The pairwise MA was performed using STATA software (ver. 17.1 SE).
The statisticians computed pooled mean differences (MDs) or propor-
tions (after Freeman-Tukey double arcsine transformation), as appro-
priate, with their corresponding 95% Cls using DerSimonian and Laird
random-effects model. Statistical heterogeneity was assessed by using
the [? statistic, which represents the amount of between-study vari-
ability due to heterogeneity rather than sampling error.

Where information about more than one time point was available,
the authors pooled final estimates from each included study in order to
avoid data duplication. Similarly, for the MA of PBL values according to
the time interval after the intervention (short-, medium-, long-, and
overall), for each study, we included the latest estimate available for
each time interval. In addition, we assessed the occurrence of publica-

tion bias by using funnel plots and Egger's test for each outcome.

2.6.2 | Meta-regression

A meta-regression was carried out using DerSimonian and Laird

random-effects model, to investigate whether several factors,
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TABLE 7 Secondary outcomes of the included studies in meta-analysis.

Author and pubblication year SCR (%) HCR (%) VBG (mm) SURV (%) SUCC (%)
Simion et al.*® NM 18.2 NM 100.0 100
NM 18.8 NM 100.0 100
Nystrom et al.>! NM NM NM 72.8 72.8
Chiapasco et al.* NM 8.1 9.9+3.4 100.0 94.2
Hallman et al.®® NM NM NM 87.0 70
NM NM NM 94.5 52
Polo et al.>* NM NM 42+£19 94.1 NM
Chiapasco et al.*® 33.3 7.7 NM 94.5 82.9
Pieri et al.”* 6.3 6.3 371+1.24 100.0 932
Marchetti et al.>” NM 16.7 NM 89.4 67.3
Canullo et al.*® NM 10.0 53+19 100.0 100
Urban et al.** NM 2.8 5.5 %229 100.0 94.7
Corinaldesi et al.*° NM 231 5.45+1.81 100.0 100
NM 9.1 450+ 1.16 100.0 91
Nystrom et al.** NM NM NM 85.0 NM
Felice et al.”® 40.0 10.0 NM 100.0 90
20.0 20.0 NM 100.0 86.9
Merli et al.**4* NM 36.4 216 +1.51 100.0 100
NM 454 248 +1.13 100.0 100
Canullo et al.* NM 5.0 5.61 +1.45 100.0 NM
Todisco*® NM 10.0 52+15 100.0 NM
De Riu et al.*’ 13.3 6.6 3.77+0.88 95.0 NM
Pieri et al.*® 33 10.0 1.71+0.75 100.0 100
Mertens et al.*? NM 13.3 NM 97.9 95.7
Pérez-Sayans et al.”® NM 85.7 NM 100.0 NM
Kim et al.> NM 429 84+26 97.3 92.7
NM 28.6 65+23 94.1 90.2
Dottore et al.>? NM NM 7.0+26 95.5 90.9
NM NM 65+1.6 95.5 90.9
Pefiarrocha-Oltra et al.>® 5.0 25.0 NM 95.6 91.1
Boven et al.>* 8.3 NM 6524 98.7 NM
Fontana et al.> NM 23.8 402 +£1.53 93.6 719
Yu et al.>® NM 33.4 5.7 +1.09 100.0 NM
Barone et al.”® NM 20.0 6.0+0.7 100.0 93.8
NM 30.0 7.4+08 100.0 82.4
Park et al.>® NM NM 454 +248 100.0 NM
NM NM 3.90 £ 0.85 100.0 NM
Pieri et al.>® 12.5 20.8 NM 95.5 NM
Rokn et al.>’ NM 0.0 NM 100.0 100
27.3 455 NM 100.0 100
Felice et al.° 6.9 0.0 NM 91.7 NM
53.3 23.3 NM 95.1 NM
Bolle et al.®* 5.0 0.0 NM 95.4 NM
25.0 10.0 NM 97.9 NM
Chiapasco et al.®? 1.4 8.3 NM 98.5 NM
Marconcini et al.®® 35.0 8.7 56+0.8 95.5 90.9
(Continues)
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34 | Wl LEY CUCCHI ET AL
TABLE 7 (Continued)
Author and pubblication year SCR (%) HCR (%) VBG (mm) SURV (%) SUCC (%)
Khoury et al.2® 2.1 54 7.6+34 98.7 NM
Geng et al.®* 28.6 30.2 54+02 96.7 95.3
Felice et al.®® 0.0 5.0 NM 95.1 NM
35.0 15.0 NM 93.6 NM
Felice et al.® 40.0 13.3 NM 92.3 NM
66.7 0.0 NM 96.7 NM
Esposito et al.®” 40.0 5.0 NM 96.9 NM
70.0 15.0 NM 93.5 NM
Chiapasco et al.® 4.0 4.0 NM 98.1 85.2
Pistilli et al.” 20.7 6.9 6.03 = 1.09 98.4 NM
Cucchi et al.”® 5.0 15.0 42+10 100.0 100
15.8 211 41+10 100.0 100

Abbreviations: HCR, healing complications rate; NM, parameter not measured. SCR, surgical complications rate; SUCC, success rate; SURV, survival rate;
VBG, vertical bone gain.

Author, %
year ES (95% ClI) Weight
GBR :
Rokn 2018 — 27.3(9.8,56.6) 3.68
Cucchi 2021 - Group Test —_— 5.0(0.9,23.6)  4.23
Cucchi 2021 - Group Control ——r—————— 15.8 (5.5, 37.6) 4.19
Pieri 2008 —0—:— 6.3 (1.1,28.4) 4.04
Pistilli 2020 —_— 20.7 (12.3,32.8) 4.84
Subtotal (12 = 15.5%, p = 0.3) <>.> 14.6(7.7,22.9) 20.98
INLAY :
Felice 2018 ! _—— 53.3(36.1,69.7) 4.52
Bolle 2018 —:0— 25.0(11.2,46.9) 4.23
Felice 2019 a y g 35.0 (18.1,56.7) 4.23
Felice 2019 b ! * 66.7 (41.7,84.8) 3.98
Esposito 2019 | *> 70.0 (48.1,85.5) 4.23
Felice 2009 - Group Test + * 40.0 (16.8,68.7) 3.57
Chiapasco 2007 | ———— 33.3(20.6,49.0) 4.67
Marconcini 2019 T + 35.0 (19.0,55.3) 4.34
Geng 2019 —_—— 28.6 (18.9,40.7) 4.87
Subtotal (/2 =59.6%, p = 0.0) X _ 41.6 (31.2,52.3) 38.65

1
ONLAY |
Felice 2009 - Group Control g 20.0 (5.7, 51.0) 3.57
De Riu 2012 _— 13.3 (3.7, 37.8) 3.98
Pieri 2013 —-— 3.3(0.6,166)  4.52
Pefarrocha-Oltra 2014 —_— 5.0 (0.9, 23.6) 4.23
Boven 2014 —0—1 8.3(3.3,19.5) 4.76
Pieri 2017 —_—— 12.5 (4.3, 31.0) 4.37
Chiapasco 2018 *~— ! 1.4 (0.2,7.5) 4.91
Chiapasco 2020 -— 4.0 (1.4,11.1) 4.92
Subtotal (2=315%,p=02) <> i 5.1 (2.0, 9.4) 35.28

1
SBB |
Khoury 2019 -~ I 2.1 (0.8, 5.6) 5.09

1

\
Heterogeneity between groups: p = 0.000 !
Overall (2 =87.7%, p = 0.0); 19.4 (11.5,28.5)  100.00

I

I | |
0 50 100

Forest plot for surgical complications. Comparison between surgical techniques.
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Author, %
year ES (95% Cl) Weight
GBR :
Merli 2010-2014 - Group Test T . 36.4 (15.2, 64.7) 1.85
Merli 2010-2014 - Group Control | ¢ 45.4 (21.2,71.9) 1.85
Rokn 2018 I ¢ 45.5 (21.3, 72.0) 1.85
Cucchi 2021 - Group Test —y—— 15.0 (5.2, 36.0) 2.40
Cucchi 2021 - Group Control — 21.1 (8.5, 43.4) 2.35
Pieri 2008 —_—— 6.3 (1.1, 28.4) 2.19
Canullo 2010 —— 5.0 (0.9, 23.6) 2.40
Todisco 2010 —0:— 10.0 (2.8, 30.1) 2.40
Simion 2001 - Group A o 18.2 (5.1, 47.7) 1.85
Simion 2001 - Group B —_—— 18.8 (8.9, 35.4) 2.79
Canullo 2008 *— 10.0 (1.8, 40.4) 1.76
Urban 2009 - 2.8 (0.5, 14.4) 2.85
Corinaldesi 2009 - Sub Group 1 + 4 23.1 (8.2, 50.3) 2.00
Corinaldesi 2009 - Sub Group 2 L : 9.1(1.6,37.7) 1.85
Pisi 5020 —_— Go(r 164 a1
Subtotal (/2 = 48.2%, p = 0.0) <> 15.0 (9.3, 21.7) 36.00

|
INLAY I
Felice 2018 B C— 23.3 (11.8, 40.9) 2.74
Bolle 2018 —— 10.0 (2.8, 30.1) 2.40
Felice 2019 a —_—— 15.0 (5.2, 36.0) 2.40
Felice 2019 b 0—: 0.0 (0.0, 20.4) 2.14
Esposito 2019 —_— 15.0 (5.2, 36.0) 2.40
Felice 2009 - Group Test — 10.0 (1.8, 40.4) 1.76
Chiapasco 2007 —_—— 7.7 (2.7, 20.3) 2.93
Marconcini 2019 —_— 8.7 (2.4, 26.8) 2.52
Marchetti 2008 g 16.7 (4.7, 44.8 1.93
Barone 2|017 et 20.0 25.7, 51 .0; 1.76
Geng 2019 I e——— 30.2 (20.3, 42.4) 3.22
Subtotal (2 =41.8%, p = 0.1) <:> 13.8 (8.1, 20.6) 26.18
ONLAY :

1
Felice 2009 - Group Control — 20.0 (5.7, 51.0) 1.76
De Riu 2012 e e 6.6 (1.2,29.7) 214
Pieri 2013 —_—— 10.0 (3.5, 25.6) 2.74
Mertens 2013 < 13.3(3.7,37.8) 214
Kim 2013 : ¢ 28.6 (15.3, 47.1) 2.68
Pefarrocha-Oltra 2014 : * 25.0 (11.2, 46.9) 2.40
Barone 2017 - + 30.0 (10.8, 60.3) 1.76
Pieri 2017 ——————— 20.8 (9.2, 40.4) 2,55
Chiapasco 2018 —— 8.3 (3.9, 17.0) 3.29
Chiapasco 2020 -_— 4.0(1.4,11.1) 3.31
Subtotal (2 = 55.1%, p = 0.0) T 13.6 (7.4, 21.0) 24.76

1
DISTR !
Chiapasco 2004 —_—— 8.1(2.8,21.3) 2.89
Pérez-Sayans 2013 | L 85.7 (60.0, 96.0) 2,07
Kim 2013 | 4 42.9 (21.4, 67.4) 2.07
Subtotal (2=.%,p=".) — — 43.0 (2.2, 90.6) 7.04

|
SBB !
Yu 2016 : + 33.4 (17.2,54.7) 2.44
Khoury 2019 -— 5.4 (2.9, 10.0) 3.59
Subtotal (2=.%,p=") < 6.8 (3.3, 11.1) 6.03

|
Heterogeneity between groups: p = 0.033 1
Overall (2 =68.2%, p = 0.0); 15.9 (11.7, 20.4) 100.00

|

1

| | |
0 50 100

FIGURE 6 Forest plot for healing complications. Comparison between surgical techniques.

including follow-up time, jaw of interest, study design, implant con- 3 | RESULTS

nection, and VBG—that is related to baseline defect size—were associ-

ated with PBL. In particular, each potential moderator was evaluated 3.1 | Study selection

separately (i.e., they were included one by one in separate models),

The electronic search identified 3881 publications from 1996 to
2021. Five more articles were added after the manual search.

only for techniques with at least 10 studies reporting relevant

estimates.
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Overall, 433 articles were considered suitable for abstract screening,
324 of which were excluded. Hence, 109 articles were judged eligi-
ble for full-text assessment and then 66 articles were excluded
because they did not meet the inclusion criteria. Finally, 43 studies
were included and subjected to data extraction (Graph 1). The rea-
sons for excluding the remaining articles during this phase are
described in Table A5.

3.2 | Study characteristics
The methodological characteristics of the included studies are
described in Table 1.

Among the 43 included studies, 11 were RCTs, 15 were prospec-
tive cohort studies, and 17 were retrospective cohort studies.

All studies, as stated in the main purpose, evaluate the PBL after
a follow-up period for implants placed in vertically augmented bone:
14 studies involved GBR, 14 inlay graft, 13 onlay graft, 4 distraction
osteogenesis, and 2 SBB. Summarized data are given in Table 2.

Finally, in the statistical analysis, two articles*>**

were
included as a singular study as they reported data from the same
sample.

To assess the PBL, the studies mainly adopted intraoral radio-
graphs (n = 36, 84.6%,) and the remaining studies used panoramic
radiographs (n = 7, 15.4%).

During the data collection, only some authors replied to the
e-mails sent to collect missing data.37:50:58:62:64.73

A total of 1268 patients, receiving 4004 implants were included.
There were 141 dropouts with 775 implants. Consequently, the
results of 88.9% of patients (n=1127) and 80.6% of implants
(n = 3229) were analyzed at the last follow-up time. Otherwise, all
the included studies had a mean drop-out rate of 8.14%.

The mean follow-up period was 41.0+27.8 months
(median = 36 months, range: 12-120).

With regard to the timing of implant placement, 80.7% of
implants were placed after bone augmentation (staged or delayed
approach), whereas 19.3% were placed simultaneously (immediate or

simultaneous approach).

O/ o

Group and Author, year Effect (95% ClI) Weight
GBR
Merli 2010-2014 - Group Test —_—— : 2.16 (1.27, 3.05) 3.27
Merli 2010-2014 - Group Control —— ; 2.48 (1.81, 3.15) 3.41
Cucchi 2021 - Group Test - 4.20 (3.68, 4.72) 3.48
Cucchi 2021 - Group Control - 4.10 (3.58, 4.62) 3.48
Pieri 2008 - 3.71 (3.10, 4.32) 3.44
Canullo 2010 -— 5.61 (4.97, 6.25) 3.42
Todisco 2010 —— 5.20 (4.54, 5.86 3.41
Canullo 2008 — 5.30 (4.12, 6.48 3.06
Urban 2009 —o— 5.50 }4.74, 6.26; 3.35
Corinaldesi 2009 - Sub Group 1 —l— 5.45 (4.47, 6.43 3.21
Corinaldesi 2009 - Sub Group 2 —, 4.50 }3.81 ,5.1 9; 3.40
Fontana 2015 - 4.02 (3.37, 4.67 3.41
Park 2017 - 3.90 (3.40, 4.40) 3.49
Pistilli 2020 —— 6.03 (5.33, 6.73) 3.39
Subgroup, DL (/2 = 89.4%, p = 0.000) < ! 4.43 (3.88, 4.98) 47.21
INLAY !
Dottore 2014 - Group Test : _—— 7.00 (5.46, 8.54) 2.77
Dottore 2014 - Group Control | —— 6.50 (5.55, 7.45) 3.23
Marconcini 2019 hal 5.60 (5.25, 5.95) 3.54
Barone 2017 | == 6.00 (5.57, 6.43) 3.52
Geng 2019 » 5.40 (5.35, 5.45) 3.60
Subgroup, DL (2 = 77.2%, p = 0.002) <> 5.81 (5.41, 6.20) 16.66
1
ONLAY !
De Riu 2012 - : 3.77 }3.32, 4.22; 3.51
Pieri 2013 L 4 , 1.71 (1.44,1.98 3.57
Kim 2013 | — 6.50 }5.65, 7.35; 3.30
Boven 2014 | —— 6.50 (5.76, 7.24 3.36
Barone 2017 1 - 7.40 (6.90, 7.90) 3.49
Park 2017 —_— 4.54 (3.14, 5.94) 2.88
Subgroup, DL (2 = 99.0%, p = 0.000) <|> 5.06 (2.84, 7.29) 20.11
DISTR :
Chiapasco 2004 . —— 9.90 (8.79, 11.01) 3.1
Polo 2007 —_— 4.20 (3.02, 5.38)
Kim 2013 1 —_—— 8.40 (7.04, 9.76) 2.91
Subgroup, DL (2 = 96.0%, p = 0.000) ; 7.50 (4.01, 10.99)
I
SBB !
Yu 2016 s gl 5.70 }5 23, 6.17; 3.50
Khoury 2019 ! —— 7.60 (6.99, 8.21 3.44
Subgroup, DL (/2 = 95.7%, p = 0.000) _ 6.64 (4.78, 8.50) 6.94
Heterogeneity between groups: p = 0.001 '
Overall, DL (/2 = 97.6%, p = 0.000) é 5.26 (4.73, 5.79) 100.00
I I
-10 10

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

FIGURE 7

Forest plot for vertical bone gain (VBG). Comparison of VBG values between surgical techniques.
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TABLE 8 Ratio PBL-VBG.
Group No. studies Mean SD 95% Cl
Overall
DISTR 3 0.35 0.25 —0.29; 0.98
GBR 14 0.23 0.07 0.18;0.27
INLAY 5 0.15 0.03 0.11;0.18
ONLAY 6 0.22 0.12 0.10; 0.35
SBB 2 0.09 0.06 —0.47;0.65
Total 30 0.22 0.12 0.17;0.26
Short term
DISTR 2 0.35 0.38 —8.01; 16.76
GBR 8 0.21 0.08 1.77; 2.95
INLAY 4 0.13 0.02 2.98;4.10
ONLAY 3 0.24 0.09 —1.55; 6.86
SBB 1 0.03 = =
Total 18 0.20 0.13 2.43;3.53
Medium term
DISTR 1 0.12 — —
GBR 9 0.23 0.07 0.18;0.28
INLAY 2 0.16 0.02 —0.07;0.38
ONLAY 3 0.24 0.15 —0.12; 0.60
SBB 1 0.03 — —
Total 16 0.20 0.09 0.15;0.25
Long term
DISTR 1 0.31 = =
GBR 7 0.25 0.07 0.19; 0.32
INLAY 1 0.21 = =
ONLAY 3 0.27 0.15 —0.11; 0.64
SBB 2 0.10 0.05 —0.36; 0.56
Total 14 0.23 0.10 0.18; 0.29

Note: Ratio between PBL and VBG values of each technique analyzed per
follow up period.

Abbreviations: PBL, peri-implant bone loss; SD, standard deviation; VBG,
vertical bone gain; VRA, vertical ridge augmentation.

3.3 | Quality assessment of selected studies
Eleven RCTs were evaluated using Cochrane tools (Table 3). Accord-
ing to these new tools, no studies were classified as high risk of bias;

three were classified as low risk of bias*®**7°; and eight were classi-

fied as moderate risk of bias.?-2-59-61:65-67

A total of 32 nonrandomized studies were evaluated using the
NOS (Table 4). A mean value of 2.1 out of 4 was achieved for the
“Selection” section; “Comparability” could only be evaluated in
4 studies with a mean value of 1 out of 2; a mean value of 2.4 out of
3 was obtained for the “Exposure/Outcome” section. The mean
score was 5.6 out of 9, confirming the moderate quality of these

studies.

3.4 | Pairwise MA—AIl studies

3.4.1 | Primary outcome: PBL over time

Considering all 42 included studies, the weighted mean estimate
(WME) of PBL values was 1.38 mm (Cl: 1.10-1.66) after a mean
follow-up of 41.0 £ 27.8 months (median 36 months; range: 12-
120 months). Complete data for each technique were reported in
Table 5.

The lowest pooled PBL value was found for SBB (WME:
0.66 mm, Cl: 0.55-0.77, n studies = 2) over a mean period of 65.0
+ 11.4 months (median 65.04—range: 12-120 months). All other tech-
niques showed similar values compared with the mean values, without
significant statistical differences, except for GBR showing a lower
pooled PBL value (WME: 1.06 mm, Cl: 0.87-1.26) with respect to Dis-
traction Osteogenesis (WME: 1.81 mm, Cl: 1.31-2.31).

The Forest plot related to overall PBL is shown in Figure 1.

3.4.2 | PBL at short-term follow-up
A total of 26 studies reported PBL values after a short-term follow-
up with a WME of 0.95 mm (Cl: 0.69-1.22). Among these studies,
10 evaluated PBL values around 1206 implants after inlay graft,
8 evaluated PBL values for 756 implants after GBR, 6 evaluated
PBL values around 1156 implants after onlay graft, 3 evaluated PBL
values around 258 implants after DISTR, and only one evaluated
PBL values around 355 implants after SBB and. Complete data
about the number of patients and implants for each technique are
given in Table 5.

After a short-term follow-up, similar PBL values were observed
for GBR (WME: 0.76 mm; Cl: 0.56-0.97), onlay graft (WME: 0.99 mm;
Cl: 0.52-1.46), inlay graft (WME: 1.08 mm; Cl: 0.60-1.55) and distrac-
tion osteogenesis (WME: 1.11 mm; Cl: 0.72-1.50). Only one study
reported results on SBB,2® with a PBL value of 0.21 + 0.18 mm, lower
than all other techniques included in the MA. Forest plots are shown
in Figure 2F.

34.3 | PBL at medium-term follow-up
A total of 26 studies reported PBL values after a medium-term follow-
up with a WME of PBL of 1.27 mm (Cl: 0.83-1.72). Among these
studies, 10 evaluated PBL values around 552 implants after GBR,
9 evaluated PBL values for 1058 implants after inlay graft, 6 evaluated
PBL values around 1035 implants after onlay graft, 2 evaluated PBL
values around 191 implants after DISTR, and only one evaluated
PBL values around 355 implants after SBB. Complete data about the
number of patients and implants for each technique were reported in
Table 5.

At medium-term follow-up, similar PBL values were reported for
the different techniques: GBR (WME: 1.12 mm; Cl: 0.89-1.35), DISTR
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Author, %
year ES (95% ClI) Weight
GBR |
Merli 2010-2014 - Group Test — 100.0 (91.6, 100.0) 1.83
Merli 2010-2014 - Group Control —r¢ 100.0 (93.5, 100.0) 1.99
Rokn 2018 ——r® 100.0 (85.1, 100.0) 1.41
Cucchi 2021 - Group Test —+& 100.0 (92.3, 100.0) 1.88
Cucchi 2021 - Group Control —+4 100.0 (90.4, 100.0) 1.73
Pieri 2008 —L¢ 100.0 (92.0, 100.0) 1.86
Canullo 2010 —L¢ 100.0 (91.6, 100.0) 1.83
Todisco 2010 —:0 100.0 (94.3, 100.0) 2.07
Simion2001 - Group A =4 100.0 (87.1, 100.0) 1.52
Simion2001 - Group B -4 100.0 (95.5, 100.0) 2.19
Canullo 2008 —¢ 100.0 (86.2, 100.0) 1.47
Urban 2009 =ré 100.0 (95.5, 100.0) 2.19
Corinaldesi 2009 - Sub Group 1 =4 100.0 (83.9, 100.0) 1.34
Corinaldesi 2009 - Sub Group 2 —+4 100.0 (90.4, 100.0) 1.73
Fontana 2015 ——' 93.6(85.7,97.3) 2.14
Park 2017 ——L& 100.0 (82.4, 100.0) 1.27
Pistilli 2020 —» 98.4(94.3,99.6) 2.34
Subtotal (/2=0.0%, p = 0.8) 4 99.9(99.3, 100.0) 30.78
1
INLAY |
Felice 2018 — 95.1(86.5, 98.3) 2.04
Bolle 2018 —4& 97.9(88.8,99.6) 1.88
Felice 2019 a —e— 93.6 (82.8, 97.8) 1.90
Felice 2019 b —- 96.7 (83.4, 99.4) 1.61
Esposito 2019 —— 935(79.2,98.2) 1.64
Dottore 2014 - Group Test —0+ 95.5 (78.2, 99.2) 1.41
Dottore 2014 - Group Control — 955 (78.2,99.2) 1.41
Felice 2009 - Group Test =4 100.0 (83.9, 100.0) 1.34
Chiapasco 2007 -, 945(91.2,96.6) 2.56
Nystrém 2009 —_— 1 85.0(78.8, 89.6) 244
Marconcini 2019 —&- 955 (91.4,97.7) 2.46
Hallman (a) 2005 —— | 87.0(78.2,92.6) 2.20
Hallman (b) 2005 —— 945 (86.6,97.9) 2.13
Marchetti 2008 —— | 89.4(82.0,94.0) 2.29
Barone 2017 —# 100.0 (92.3, 100.0) 1.88
Geng 2019 —&  96.7(92.1,98.7) 2.38
Subtotal (/2 = 56.5%, p = 0.0) <>, 94.6(92.2,96.6) 31.56
1
ONLAY 1
Felice 2009 - Group Control =% 100.0 (85.7, 100.0) 1.44
Nystrém 2004 —_—— I 72.8(65.8,78.8) 2.46
De Riu 2012 —e- 95.0(83.5, 98.6) 1.80
Pieri 2013 ——L¢ 100.0 (88.3, 100.0) 1.59
Mertens 2013 —¢ 97.8(92.7,99.4) 2.27
Kim 2013 —Q—I 94.1 (85.2, 97.8) 2.04
Pefarrocha-Oltra 2014 —T 95.6(85.2,98.8) 1.87
Boven 2014 —#® 98.7(93.2,99.8) 217
Barone 2017 -4 100.0 (89.8, 100.0) 1.70
Park 2017 ———+¢ 100.0 (87.1, 100.0) 1.52
Pieri 2017 —e+ 955 (86.0, 98.7) 1.94
Chiapasco 2018 % 98.5(96.5, 99.4) 2.59
Chiapasco 2020 - 98.1(94.9,99.3) 2.46
Subtotal (/2 = 88.4%, p = 0.0) <> 97.1(92.9,99.7) 25.85
DISTR :
Chiapasco 2004 ¢ 100.0 (97.3, 100.0) 2.39
Polo 2007 —a— 94.1(80.9, 98.4) 1.70
Pérez-Sayans 2013 —+& 100.0 (92.9, 100.0) 1.93
Kim 2013 —e 97.3(87.0,99.5) 1.81
Subtotal (/2 =59.8%, p = 0.1) <|) 99.2 (95.6, 100.0) 7.83
SBB |
Yu 2016 —¢ 100.0 (84.5, 100.0) 1.38
Khoury 2019 # 98.7(96.9, 99.5) 2.60
Subtotal (2=.%, p=.) Q 99.5(98.2, 100.0) 3.98
1
Heterogeneity between groups: p = 0.000 1
Overall (2=77.8%, p = 0.0); O 97.9(96.6,99.0) 100.00
1
1
| | |
0 50 100

FIGURE 8 Forest plot for implant survival rates. Comparison between surgical techniques.

(WME: 1.21 mm; ClI: 0.85-1.58), onlay graft (WME = 1.38 mm; Cl:
0.58-2.17), and inlay graft (WME: 1.50 mm; Cl: 0.75-2.25). No signifi-
cant differences were observed, except for SBB. Similarly, to the results

after a short follow-up, Khoury et al.2> was the only study reporting
data on SBB, with a value of PBL of 0.26 + 0.21 mm, again lower than
all other techniques. Forest plots were reported in Figure 3.
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Author, %
year ES (95% ClI) Weight
GBR :
Merli 2010-2014 - Group Test +—¢ 100.0 (91.6, 100.0) 2.99
Merli 2010-2014 - Group Control :—0 100.0 (93.5, 100.0) 3.11
Rokn 2018 — 100.0 (85.1, 100.0) 2.59
Cucchi 2021 - Group Test —¢ 100.0 (92.3,100.0) 3.03
Cucchi 2021 - Group Control -—= 100.0 (90.4, 100.0) 2.90

Pieri 2008

Simion 2001 - Group A

Simion 2001 - Group B

Canullo 2008

Urban 2009

Corinaldesi 2009 - Sub Group 1
Corinaldesi 2009 - Sub Group 2
Fontana 2015

Subtotal (/2=281.7%, p =0.0)

INLAY

Dottore 2014 - Group Test
Dottore 2014 - Group Control
Felice 2009 - Group Test
Chiapasco 2007

—¢— 93.2(81.8,97.7) 3.01

—r— 100.0 (87.1, 100.0) 2.71

I —& 100.0 (95.5, 100.0) 3.26

—L— 100.0 (86.2, 100.0) 2.65

—— 047 (87.6,97.8) 3.26

——— 100.0 (83.9, 100.0) 2.52

—e—  91.0(77.3, 96.8) 2.90
—_—— ! 71.9 (60.9, 80.8) 3.23
1 <> 98.2(94.1,100.0) 38.16

1

1
————— 009(722,975) 259
——— 90.9(72.2,975) 259
——— 90.0(69.9,97.2) 252
—_— 82.9 (78.1, 86.9) 3.49

Marconcini 2019 —0;- 90.9 (85.8, 94.3) 3.43
Hallman 2005 - Sub Group 1 —_— - 70.0 (59.5,78.7)  3.26
Hallman 2005 - Sub Group 2 —_—— ! 52.0 (40.7,63.1)  3.21
Marchetti 2008 . : 67.3(57.8,75.6)  3.32
Barone 2017 —— 938(82.9,979) 3.03
Geng 2019 - 0953(90.3,97.8)  3.38
Subtotal (/2 =90.4%, p = 0.0) - 83.6 (74.5,91.1)  30.85

ONLAY

Felice 2009 - Group Control
Nystrém 2004

Pieri 2013

Mertens 2013

Kim 2013

Pefarrocha-Olira 2014
Barone 2017

Chiapasco 2020

Subtotal (/2 =83.6%, p = 0.0)

DISTR

Chiapasco 2004

Kim 2013

Subtotal (12=.%,p=")

Heterogeneity between groups: p = 0.003
Overall (/2 =89.0%, p = 0.0);

—————  869(67.8,954) 262
—_— , 72.8(65.8,78.8)  3.43
—— 100.0 (88.3, 100.0) 2.78
——- 057(89.7,98.3)  3.31
—— 90.2(80.2,954) 3.15
——  91.1(79.3,965)  3.02
S — 82.4 (66.5,91.7)  2.87
—_— 85.2(79.3,89.6)  3.44

89.1 (81.6,94.9)  24.63

94.2 (89.0,97.0)  3.39

>
i
92.7 (80.6, 97.5) 2.97
<
<>

94.1 (90.0,97.3)  6.36

92.2 (88.3, 95.5) 100.00

| |
0 50

FIGURE 9 Forest plot for implant success rates. Comparison between surgical techniques.

3.4.4 | PBL atlong-term follow-up

A total of 24 studies reported PBL values after a long-term follow-up
with a pooled PBL of 1.62 mm (Cl: 1.13-2.10). Among these studies,
9 evaluated PBL values around 758 implants after inlay graft, 7 evaluated

PBL values around 825 implants after onlay graft, 6 evaluated PBL

values around 233 implants after GBR, 2 evaluated PBL values around
327 implants after SBB, and only one evaluated PBL values around
40 implants after DISTR. Complete data about the number of patients
and implants for each technique are given in Table 5.

As opposed to short- and medium-term follow-up, in the long-

term follow-up similar pooled PBL values were observed between
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Author and pubblication year

Simion et al.*°

Chiapasco et al.®®
Pieri et al.”*
Urban et al.%?

Merli et al.#344

De Riu et al.*’
Pieri et al.*®
Mertens et al.*’
Boven et al.>*
Pieri et al.>®
Chiapasco et al.®?
Marconcini et al.®®
Khoury et al.?®

Felice et al.®®

Cucchi et al.”®

Chiapasco et al.®®

CUCCHI ET AL

PPD (mm)

26+0.7
20+08
26+12
3007
3.0+06
NM
NM
NM
43+0.7
NM
1.4 +£0.6
NM
NM
NM
NM
NM
NM
1.8+0.5
1.8+0.8
NM

Gl
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
0
NM
NM
NM
NM
NM
NM
1

1
NM

MPR (%) PROM's (%) TA BLE .9 SecondarY outcomes not
included in meta-analysis.
NM NM
NM NM
NM 92.3
NM NM
3.7 NM
T:0 NM
c:0 NM
NM 94.0
NM 93.0
NM 100
0.0 100
314 NM
NM 90.0
NM 85.0
0.98 NM
NM 100
13.6 NM
NM NM
NM NM
5.5 NM

Abbreviations: C, control group; Gl, Gingival index; NM, parameter not measured; PPD, probing pocket

depth; PROM, patient-reported outcome measures; T, test group.

TABLE 10 Meta-analysis for peri-implant bone loss for RCTs and prospective studies.
Medium
follow-up Weight mean Heterogeneity p-Value
VRA Techniques No. studies No. patients No. implants (months) esitmate (mm) 95% Cl (mm) p-Value (1) (%) (heterogeneity)
GBR 7 118 351 20.5 0.79 0.58-1.00 <0.01 90.7 <0.01
INLAY 10 181 547 30.3 1.65 0.76-2.53 <0.01 99.9 <0.01
ONLAY 5 92 316 27.9 1.59 0.77-2.52 <0.01 99.3 <0.01
DISTR 3 60 122 234 1.53 1.08-1.97 <0.01 94.6 <0.01
SBB 2 139 327 65.0 0.66 0.55-0.77 <0.01 34.8 0.22
Overall 27 590 1663 28.9 1.33 0.94-1.72 <0.01 99.8 <0.01

Abbreviations: RCTs, randomized clinical trial; VRA, vertical ridge augmentation.

SBB (WME: 0.56 mm; Cl: 0.30-0.82), GBR (WME: 1.11 mm; Cl: 0.76-
1.47) and onlay graft (WME: 1.59 mm; Cl: 0.80-2.37). However, the
PBL values of SBB and GBR were significantly lower than those for
inlay graft (WME: 1.99 mm; Cl: 1.66-2.32); while no significant differ-
ences were observed between Inlay and Onlay (Graph 2). Only one
study reported results on DISTR giving a mean PBL value of 2.6
+ 0.9 mm.>? Forest plots are shown in Figure 4.

3.4.5 | Secondary outcomes

Of the 43 included studies reporting data about PBL over time, none
provided all secondary outcomes analyzed in this systematic review

(VBG, HCR, SCR, SURV, SUCC, PROMs, PPD, Gl, or Bl, Mucositis and
Peri-implantitis). These parameters have not been assessed in each
single study and data analysis was not appropriate for all the variables.
The authors agreed to report only data related to VBG, HCR, SCR,
SURYV, and SUCC after MA. Details about all secondary outcomes are
described in Tables 6 and 7.

The rate of surgical complications was evaluated in 23 studies
with a pooled value of 19.4% (Cl: 11.5%-28.5%). Onlay graft (WME:
5.1%; Cl: 2.0-9.4) showed lowest SCR; while, inlay graft
(WME: 41.6%; Cl: 31.2-52.3) had the highest SCR compared with
both onlay graft and GBR (WME: 14.6%; Cl: 7.7-22.9). No MA was
carried out for DISTR (no data available) and SBB (data were available

from only one article?®). Forest plots are shown in Figure 5.
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Group and Author, year

GBR

Merli 2010-2014 - Group Control

Merli 2010-2014 - Group Test

Rokn 2018

Cucchi 2021 - Group Test

Cucchi 2021 - Group Control

Pieri 2008

Canullo 2010

Todisco 2010

Subgroup, DL (/2 = 90.7%, p = 0.000)

INLAY

Felice 2018

Bolle 2018

Felice 2019 a

Felice 2019 b

Esposito 2019

Dottore 2014 - Group Test
Dottore 2014 - Group Control
Felice 2009 - Group Test
Chiapasco 2007

Nystrém 2009

Marconcini 2019
Subgroup, DL (/2 = 99.9%, p = 0.000)

ONLAY

Felice 2009 - Group Control

Nystrém 2004

De Riu 2012

Pieri 2013

Mertens 2013

Subgroup, DL (/2 = 99.3%, p = 0.000)

DISTR

Chiapasco 2004

Polo 2007

Pérez-Sayans 2013

Subgroup, DL (/? = 94.6%, p = 0.000)

SBB

Yu 2016

Khoury 2019

Subgroup, DL (/2 = 34.8%, p = 0.215)

Heterogeneity between groups: p = 0.000
Overall, DL (/2 = 99.8%, p = 0.000)

Effect (95% CI) % Weight
—_— 0.58 (0.19, 0.97) 3.40
— 1 0.49 (0.18, 0.80) 3.45
—_— 1 0.47 (0.14, 0.80) 3.43
- : 0.61 (0.46, 0.76) 3.51
-~ | 0.67 (0.51, 0.83) 3.50
- 1.36 (1.21, 1.51) 3.50
- 0.98 (0.80, 1.16) 3.50
* | 0.95 (0.86, 1.04) 3.52
< : 0.79 (0.58, 0.99) 27.81
1
1
1 — 2.46 (2.13,2.79) 3.44
¢ | 0.77 (0.75, 0.79) 3.52
: —— 2.11 (1.78, 2.44) 3.44
, —— 2.10 (1.72, 2.48) 3.41
| —— 1.70 (1.41, 1.99) 3.46
—_— 0.78 (0.30, 1.26) 3.34
—_—— 1.02 (0.47, 1.57) 3.30
—_— : 0.72 (0.22, 1.22) 3.34
h *> 2.21(2.11,2.31) 3.51
1 * 3.13(3.09, 3.17) 352
- 1.06 (0.90, 1.22) 3.50
_ 1.65 (0.76, 2.53) 37.78
1
1
1
\ —_—— 2.88 (2.18, 3.58) 3.17
1 - 2.71 (2.57, 2.85) 3.51
L 1.40 (1.31, 1.49) 3.52
-+ : 0.61 (0.49, 0.73) 351
— | 0.50 (0.20, 0.80) 3.45
_— 1.59 (0.7, 2.42) 17.15
1
1
Jl" 1.40 (1.27, 1.53) 3.51
| —— 2.60 (1.98, 3.22) 3.24
<+ 1.03 (0.91, 1.15) 3.51
<< 1.53 (1.08, 1.97) 10.26
1
1
1
- 0.77 (0.56, 0.98) 3.49
* 1 0.63 (0.57, 0.69) 3.52
O 0.66 (0.55, 0.77) 7.01
1
1

<> 1.33(0.94, 1.72) 100.00

FIGURE 10

The rate of healing complications was assessed in 35 studies with
a pooled value of 15.9% (Cl: 11.7-20.4). The analysis showed similar
values for all the techniques investigated, though SBB tended to have
the lowest rate of complications (WME: 6.80%; CI: 3.3-11.1). More-
over, seven studies®1:333442:52545876 diq not report complications
during the healing period. The Forest plot is shown in Figure 6.

Regarding VBG, the values reported in 23 studies provided a
pooled value of 5.26 mm (Cl: 4.73-5.79). The analysis of VBG showed
similar values for DISTR (WME: 7.50 mm; Cl: 4.01-10.99), SBB
(WME: 6.64 mm; Cl: 4.78-8.50), inlay graft (WME: 5.81 mm; 95% Cl:
5.41-6.20), onlay graft (WME: 5.06 mm; Cl: 2.84-7.29), and GBR
(WME: 4.43 mm; Cl: 3.88-4.98). The Forest plot is shown in Figure 7.

Considering the overall values of the PBL/VBG ratio, SBB
reported the lowest coefficient of 0.09 (n = 2); inlay had a coefficient
of 0.15 (nh = 5), GBR and Onlay showed a similar value of 0.22 but a
different number of studies (n = 14 and n = 6, respectively), and
finally DISTR reported the highest coefficient of 0.35 (n = 3). All data
related to the overall PBL/VBG ratio and respective values in each
follow-up period are listed in Table 8.

The implant survival was calculated in all the studies
(WME: 97.9%; Cl: 96.6-99.0). The analysis revealed similar values
for GBR (WME: 99.9%; Cl. 99.3-100.0), SBB (WME: 99.5%;

Forest plot for peri-implant bone loss over time (prospective studies 4+ RCT). RCT, randomized clinical trial.

Cl: 98.2-100.0), DISTR (WME: 99.2%; Cl: 95.6-100.0), onlay graft
(WME: 97.1%; Cl: 92.9-99.7), and inlay graft (WME: 94.6%; Cl:
92.2-96.6). Significant differences were observed between GBR
and inlay grafts in these studies. The Forest plot is shown in
Figure 8.

Finally, the implant success rates were evaluated in 24 studies
with a pooled proportion of 92.2% (Cl: 88.3-95.5). As with the sur-
vival rates, the analysis revealed similar values for GBR (WME: 98.2%;
Cl: 94.1-100.0), DISTR (WME: 94.1%; Cl: 90.0-97.3), onlay graft
(WME: 89.1%; Cl: 81.6-94.9), and inlay graft (WME: 83.6%; Cl: 74.5-
91.1). Significant differences were observed between GBR and inlay
grafts in these studies. No mean value could be established for SBB,
because no articles reported implant success rates. The Forest plot is

shown in Figure 9.

3.4.6 | Otheroutcomes
Due to the insufficient amount of data for each technique, no MAs
were conducted on PPD, Gl, PROM's, and peri-implantitis data.

The PPD was provided in seven studies with a mean value of

2.36 £ 0.70 mm. Of these seven publications, four of them were
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CUCCHI T AL

Author,
year ES (95% CI)
GBR l
Merli 2010-2014 - Group Test —_— 36.40 (15.19, 64.65)
Merli 2010-2014 - Group Control | —— 45.40 (21.23, 71.95)
Rokn 2018 | ———— 45.50 (21.30, 72.03)
Cucchi 2021- Group Test _‘|_ 15.00 (5.24, 36.04)
Cucchi 2021 - Group Control —_— 21.10 (8.54, 43.38)
Pieri 2008 -~ 6.30 (1.13, 28.39)
Canullo 2010 >~ 5.00 (0.89, 23.61)
Todisco 2010 -~ 10.00 (2.79, 30.10)
Subtotal (/2 = 53.9%, p = 0.03) < 19.26 (9.41, 31.15)

1
INLAY :
Felice 2018 —— 23.30 (11.77, 40.89)
Bolle 2018 -~ 10.00 (2.79, 30.10)
Felice 2019 a —— 15.00 (5.24, 36.04)
Felice 2019 b -— 0.00 (0.00, 20.39)
Esposito 2019 —OI— 15.00 (5.24, 36.04)
Felice 2009 - Group Test - 10.00 (1.79, 40.42)
Chiapasco 2007 -~ 7.70 (2.65, 20.33)
Marconcini 2019 - 8.70 (2.42, 26.80)
Subtotal (/2=7.1%, p = 0.38) < 10.65 (5.91, 16.33)

1
ONLAY l
Felice 2009 - Group Control —:'0— 20.00 (5.67, 50.98)
De Riu 2012 - 6.60 (1.17, 29.73)
Pieri 2013 -~ 10.00 (3.46, 25.62)
Mertens 2013 —— 13.30 (3.72, 37.84)
Subtotal (/2= 0.0%, p = 0.78) < 10.78 (3.81, 19.97)

1
DISTR l
Chiapasco 2004 -0-:- 8.10 (2.79, 21.29)
Pérez-Sayans 2013 I —— 85.70 (60.04, 95.98)
Subtotal (2= .%,p =) <> 25.58 (14.06, 38.92)

|
SBB |
Yu 2016 :—0— 33.40 (17.24, 54.69)
Khoury 2019 * 5.40 (2.86, 9.95)
Subtotal (2= .%,p =) O 6.78 (3.33, 11.14)

1
Heterogeneity between groups: p = 0.006 :
Overall (12 =71.51%, p = 0.00); Q 15.69 (9.88, 22.37)

WILEY_L %

%
Weight

3.40
3.40
3.40
4.26
4.19
3.95
4.26
4.26
31.12

4.76
4.26
4.26
3.86
4.26
3.26
5.04
4.44
34.14

3.26
3.86
4.76
3.86
15.74

4.99
3.76
8.75

4.32
5.94
10.26

100.00

FIGURE 11

about GBR30377074 two studies about onlay graft,*®>* and one about
inlay graft.>> Moreover, the Gl was assessed in two studies®*”° with
an interval between 0 and 1 using the modified gingival index; while
the incidence of mucositis and peri-implantitis was reported in six

36,39,44,54,65,68

studies, with an average rate of 7.42%. Finally, the

96

Forest plots for surgical complications (prospective studies + RCT). RCT, randomized clinical trial.

PROMs were investigated in seven publications, showing that

patient's perception of the aesthetics and functionality is optimal, on
average, for 93.04% (range: 85%-100%) of patients.

Complete detailed results of MA about secondary outcomes are

given in Table 9.
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44 | Wl LEY CUCCHI ET AL
Author, %
year ES (95% ClI) Weight
GBR !

Rokn 2018 —— 27.30 (9.76, 56.59) 5.69
Cucchi 2021- Group Test - 5.00 (0.89, 23.61) 6.30
Cucchi 2021 - Group Control —0:— 15.80 (5.53, 37.58) 6.26
Pieri 2008 -~ 6.30 (1.13, 28.39) 6.10
Subtotal (/2 =10.0%, p = 0.34) < 11.17 (3.62, 21.32) 24.35
1
INLAY :
Felice 2018 L —— 53.30 (36.11, 69.74) 6.60
Bolle 2018 —— 25.00 (11.19, 46.87) 6.30
Felice 2019 a ——— 35.00 (18.12, 56.71) 6.30
Felice 2019 b | ——— 66.70 (41.74, 84.85) 6.04
Esposito 2019 : ——— 70.00 (48.10, 85.45) 6.30
Felice 2009 - Group Test —_ 40.00 (16.82, 68.73) 5.57
Chiapasco 2007 ~—— 33.33 (20.63, 49.02) 6.75
Marconcini 2019 —— 35.00 (18.98, 55.32) 6.41
Subtotal (/2 = 54.5%, p = 0.03) < 44.11 (32.82, 55.69) 50.28
1
1
ONLAY !
Felice 2009 - Group Control —— 20.00 (5.67, 50.98) 5.57
De Riu 2012 —— 13.30 (3.72, 37.84) 6.04
Pieri 2013 -— 3.30 (0.58, 16.62) 6.60
Subtotal (2=.%,p=".) <! 8.67 (0.68, 21.74) 18.21
1
SBB I
Khoury 2019 - 2.11 (0.78, 5.61) 7.16
I
1
Heterogeneity between groups: p = 0.000 :
Overall (2 = 89.06%, p = 0.00); 25.21 (12.87, 39.71) 100.00

I
85.5

FIGURE 12 Forest plots for healing complications (prospective studies + RCT). RCT, randomized clinical trial.

3.5 | Pairwise MA—Only prospective studies
(cohort studies and RCTs)

Considering only study with prospective designs, including pro-
spective cohort studies, nonrandomized clinical trial, and random-
ized clinical trials, a total of 26 articles were analyzed in the
second MA.

The overall results provided data for a total of 1663 implants with
a mean follow-up of 28.9 months, giving a WME for PBL of 1.33 mm
(Cl: 0.94-1.72).

SBB (WME: 0.66 mm, Cl: 0.55-0.77) and GBR (WME:
0.79 mm, Cl: 0.58-1.00) had the lowest PBL values with no
significant differences between them. Inlay graft, Onlay graft, and
DISTR had values slightly higher and similar between them, that
were 1.65 mm (0.76-2.53), 1.59 mm (0.77-2.52), and 1.53 mm
(1.08-1.97), respectively. Complete data were reported in
Table 10.

Statistical analysis for PBL confirmed no statistical differences for
all surgical techniques except for SBB and GBR compared with DISTR,
as referred in the forest plot Figure 10.
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CUCCHI ET AL

WILEY_L %

Group and Author, year

GBR

Merli 2010-2014 - Group Test

Merli 2010-2014 - Group Control
Cucchi 2021 - Group Test

Cucchi 2021 - Group Control

Pieri 2008

Canullo 2010

Todisco 2010

Subgroup, DL (/2 = 92.0%, p = 0.000)

INLAY

Dottore 2014 - Group Test

Dottore 2014 - Group Control
Marconcini 2019

Subgroup, DL (/2 = 64.6%, p = 0.059)

ONLAY

De Riu 2012

Pieri 2013

Subgroup, DL (/2 = 98.3%, p = 0.000)

DISTR

Chiapasco 2004

Polo 2007

Subgroup, DL (/2 = 97.9%, p = 0.000)

Effect (95% ClI) % Weight
i 2.16 (1.27, 3.05) 6.17
X 2.48 (1.81, 3.15) 6.31
- 4.20 (3.68, 4.72) 6.38
-, 4.10 (3.58, 4.62) 6.38
- ! 3.71 (3.10, 4.32) 6.34
- 5.61 (4.97, 6.25) 6.33
- 5.20 (4.54, 5.86) 6.32
< 3.94 (3.1, 4.78) 44.23
1
|
L—— 7.00 (5.46, 8.54) 5.62
| —— 6.50 (5.55, 7.45) 6.13
. 5.60 (5.25, 5.95) 6.44
:O 6.16 (5.31, 7.01) 18.20
1
1
: 3.77 (3.32, 4.22) 6.41
X 1.71 (1.4, 1.98) 6.46
! 2.73(0.71, 4.75) 12.88
1
1
1
! — 9.90 (8.79, 11.01) 6.01
—r 4.20 (3.02, 5.38) 5.95

—_  ———— 7.05(1.47,1264) 11.96

1
SBB '
Yu 2016 > 5.70 (5.23, 6.17) 6.40
Khoury 2019 I 7.60 (6.99, 8.21) 6.34
Subgroup, DL (/2 = 95.7%, p = 0.000) 6.64 (4.78, 8.50) 12.74

1

1
Heterogeneity between groups: p = 0.000 1
Overall, DL (/2 = 98.0%, p = 0.000) <> 4.93 (3.94, 5.93) 100.00

T T
-10 0 10

FIGURE 13

Morevoer, the above-mentioned secondary outcomes were
entirely described in Table 11 and statistical analyses for SCR, HCR,
VBG, SURYV, and SUCC were reported in Figures 11-15.

The overall values for surgical and healing complications were
respectively 15.69% (Cl: 9.88-22.37) and 25.21 % (12.87, 39.71); the
WME VBG was 4.93 mm (Cl: 3.94-5.93); and implant survival and
rates were respectively 97.88 % (Cl: 95.67-99.43) and 94.90 % (Cl:
90.30-98.25).

3.6 | Pairwise MA—Only RCTs
Considering only study randomized clinical trials, a total of 11 arti-
cles were analyzed in the third MA, having the highest level of evi-
dence. Four articles were about GBR,*344>77° six articles about
inlay,>2:60:61.65-67 and one article compared inlay versus onlay.*?
SBB and DISTR had no randomized studies to be included in this
analysis.

The overall results provided data for a total of 491 implants with
a mean follow-up of 25.1 months, providing a WME of PBL values

1.21 mm (Cl: 0.93-1.48).

Forest plot for vertical bone gain (prospective studies + RCT). RCT, randomized clinical trial.

GBR showed the lowest value of PBL, giving a WME of 0.61 mm
(ClI: 0.51-0.70); this value is statistically lower than Inlay having a WME
of 1.47 (Cl: 0.89-2.04), that is in turn statistically lower than Onlay
(WME: 2.88; Cl: 2.18-3.58). Complete data were reported in Table 12.

Statistical analysis for PBL confirmed statistical differences
between GBR and Inlay, GBR and Onlay, and Inlay and Onlay, as
referred in the forest plot Figure 16.

The secondary outcomes reported in RCTs were entirely
described in Table 13 and statistical analyses for SCR, HCR, VBG,
SURV, and SUCC were reported in five different forest plots
(Figures 17-21).

GRADE assessment was used to define the level of evidence of
the outcomes. In this systematic review, GRADE assessment was con-
sidered very low due to a high risk of bias, imprecision and inconsis-
tency (Table 14).

3.7 | Meta-regression

The results of the meta-regression for GBR, Inlay, and Onlay were care-

fully analyzed to identify possible confounding factors as reported below.
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46—|—Wl LEY CUCCHI 7 AL
Author, %
year ES (95% Cl) Weight
GBR :
Merli 2010-2014 - Group Test —+# 100.00 (91.62, 100.00) 3.39
Merli 2010-2014 - Group Control —:0 100.00 (93.47, 100.00) 3.60
Rokn 2018 —¢ 100.00 (85.13, 100.00) 2.77
Cucchi 2021 - Group Test —. 100.00 (92.29, 100.00) 3.46
Cucchi 2021 - Group Control —¢ 100.00 (90.36, 100.00) 3.25
Pieri 2008 —:'0 100.00 (91.97, 100.00) 3.43
Canullo 2010 —+ 100.00 (91.62, 100.00) 3.39
Todisco 2010 =& 100.00 (94.34, 100.00) 3.71
Subtotal (12 =0.0%, p = 1.00) :| 100.00 (99.39, 100.00) 27.01
1
INLAY :
Felice 2018 —<¢1 95.10 (86.53, 98.32) 3.68
Bolle 2018 —IO 97.90 (88.78, 99.64) 3.46
Felice 2019 a —4&— 93.60 (82.81, 97.80) 3.48
Felice 2019 b —& 96.70 (83.38, 99.42) 3.08
Esposito 2019 —0—1 93.50 (79.22, 98.19) 3.12
Dottore 2014 - Group Test —r 95.45(78.20, 99.19) 2.77
Dottore 2014 - Group Control _“I' 95.45 (78.20, 99.19) 2.77
Felice 2009 - Group Test —¢ 100.00 (83.89, 100.00) 2.67
Chiapasco 2007 = 9450 (91.19, 96.61) 4.31
Nystrém 2009 — : 85.00 (78.80, 89.62) 4.17
Marconcini 2019 = 95.50 (91.36, 97.71) 4.19
Subtotal (/2 = 45.8%, p = 0.05) : 94.66 (91.93, 96.92) 37.71
1
ONLAY !
Felice 2009 - Group Control —:0 100.00 (85.69, 100.00) 2.82
Nystrém 2004 —_— 1 72.80 (65.81, 78.82) 4.19
De Riu 2012 —OJI' 95.00 (83.50, 98.62) 3.35
Pieri 2013 —¢ 100.00 (88.30, 100.00) 3.05
Mertens 2013 —& 97.85(92.74, 99.39) 3.96
Subtotal (/2 =93.1%, p = 0.00) <> 95.42 (81.66, 100.00) 17.37
1
DISTR :
Chiapasco 2004 ™ 100.00 (97.29, 100.00) 411
Polo 2007 —O-I‘ 94.10 (80.88, 98.36) 3.20
Pérez-Sayans 2013 —1¢ 100.00 (92.87, 100.00) 3.53
Subtotal (I2=.%,p=".) ﬂ 99.50 (95.35, 100.00) 10.84
1
SBB |
Yu 2016 —1'0 100.00 (84.54, 100.00) 2.72
Khoury 2019 # 98.70 (96.90, 99.46) 4.36
Subtotal (I2=.%,p=".) IQ 99.54 (98.20, 100.00) 7.08
1
Heterogeneity between groups: p = 0.000 !
Overall (/2 =83.81%, p = 0.00); Q 97.88 (95.67, 99.43) 100.00
1
1
| | |
0 65.8 100
FIGURE 14 Forest plot for implant survival rate (prospective studies + RCT). RCT, randomized clinical trial.
For, surgical interventions interesting both jaws or only maxilla in up the PBL increases by 0.32 and 0.11 mm, respectively (p = 0.053 in
comparison with the mandible, were associated with higher PBL GBR and p < 0.001 in Inlay).
(p =0.002 in GBR and p < 0.001 in Inlay). The follow-up time had In GBR procedures, the study design appeared to be strongly asso-
influence on the PBL for Inlay and GBR since for each year of follow- ciated to PBL and RCTs showed lower values of PBL compared with
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CUCCHI T AL

Author,
year

GBR

Merli 2010-2014 - Group Test

Merli 2010-2014 - Group Control
Rokn 2018

Cucchi 2021 - Group Test

Cucchi 2021 - Group Control

Pieri 2008

Subtotal (/2 =19.2%, p = 0.29)

INLAY

Dottore 2014 - Group Test

Dottore 2014 - Group Control
Felice 2009 - Group Test
Chiapasco 2007

Marconcini 2019

Subtotal (/2 =37.9%, p =0.17)

ONLAY

Felice 2009 - Group Control
Nystrém 2004

Pieri 2013

Mertens 2013

Subtotal (/2 =92.5%, p = 0.00)

DISTR
Chiapasco 2004

Heterogeneity between groups: p = 0.000

Overall (/2 =86.66%, p = 0.00);

—_—

ES (95% Cl)
I
——¢ 100.00 (91.62, 100.00)
L+ 100.00 (93.47, 100.00)
———+ 100.00 (85.13, 100.00)
— 100.00 (92.29, 100.00)
——+ 100.00 (90.36, 100.00)

~ 93.20 (81.80, 97.66)
! 4 99.67 (97.77, 100.00)

—  90.90 (72.17, 97.47)
——— 90.90 (72.17, 97.47)
——— 90.00 (69.90, 97.21)

— 82.90 (78.06, 86.85)

——
<

—_—

——

90.90 (85.75, 94.31)
88.33 (83.45, 92.52)

86.90 (67.81, 95.43)
| 72.80 (65.81, 78.82)
—L— 100.00 (88.30, 100.00)
—  95.70 (89.72, 98.27)
91.13 (73.99, 99.88)

1
1
—+  94.20(88.97, 97.03)
I
1
1

<> 94.90 (90.30, 98.25)
]
]

WILEY_L_#
%
Weight

6.23
6.55
5.25
6.34
6.02
6.28
36.67

5.25
5.25
5.09
7.57
7.40
30.56

5.33
7.40
5.70
7.07
25.50

7.28

100.00

FIGURE 15

|
0

Follow-up

period

Overall  GBR 4 62
INLAY 7 105
ONLAY 1 10
DISTR - -
SBB - -
Overall 12 177

201
267
23

491

65.8

TABLE 12 Meta-analysis of peri-implant bone loss only for RCTs.

Medium

follow-up Weight mean 95% CI
VRA techniques No. studies No. patients No. implants (months) esitmate (mm) (mm)

24.0 0.61
26.6 1.47
18.0 2.88
251 1.21

Abbreviations: RCTs, randomized clinical trial; VRA, vertical ridge augmentation.

|
100

Forest plot for implant success rate (prospective studies + RCT). RCT, randomized clinical trial.

p-Value (1?) (%)
0.51-0.70<0.01 0.0
0.89-2.04 <0.01 97.2
2.18-3.58 <0.01 -

0.93-1.48 <0.01 95.70

Heterogeneity

p-Value (heterogeneity)
0.77
<0.01

<0.01
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48 | Wl LEY CUCCHI ET AL
Group and Author, year Effect (95% CI) % Weight
GBR ‘

Merli 2010-2014 - Group Test - 0.58 (0.19, 0.97) 7.05
Merli 2010-2014 - Group Control -* 0.49 (0.18, 0.80) 7.43
Rokn 2018 - 0.47 (0.14, 0.80) 7.33
Cucchi 2021- Group Test ., 0.61 (0.46, 0.76) 8.05
Cucchi 2021- Group Control ., 0.67 (0.51, 0.83) 8.02
Subgroup, DL (/2 = 0.0%, p = 0.769) 0 | 0.61 (0.51, 0.70) 37.87
1
1
INLAY \
Felice 2018 - 2.46 (2.13, 2.79) 7.37
Bolle 2018 . 0.77 (0.75, 0.79) 8.23
Felice 2019 a g 2.11 (1.78, 2.44) 7.33
Felice 2019 b Hag 2.10 (1.72, 2.48) 7.11
Esposito 2019 g 1.70 (1.41, 1.99) 7.56
Dottore 2014 - Group Test - 0.78 (0.30, 1.26) 6.54
Dottore 2014 - Group Control - 1.02 (0.47, 1.57) 6.17
Felice 2009 - Group Test - 0.72 (0.22, 1.22) 6.48
Subgroup, DL (/2 = 97.2%, p = 0.000) & 1.47 (0.89, 2.04) 56.79
1
1
ONLAY I
Felice 2009 - Group Control | —.— 2.88 (2.18, 3.58) 5.34
Subgroup, DL (2=0.0%, p =.) E <> 2.88 (2.18, 3.58) 5.34
1
Heterogeneity between groups: p = 0.000 :
Overall, DL (/2 = 95.7%, p = 0.000) é 1.21 (0.93, 1.48) 100.00
T T
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FIGURE 16

prospective or retrospective cohort studies (p < 0.001); also implant
connection was investigated and a positive association with PBL was
found also for external and internal hexagonal connection compared
with conical connection (p = 0.003 and p = 0.019, respectively).

Finally, in GBR procedures, VBG is so positively related to PBL that
increases by 0.27 mm and for each 1 mm of increase in VBG (p = 0.004);
while in Inlay grafts, VBG is so negatively related to PBL that reduces by
0.29 mm and for each 1 mm of increase in VBG (p = 0.033).

No significant modifiers were identified for Onlay due to the lim-
ited number of studies. All data were resumed in Table 15.

A further network meta-analysis (NMA) was done to examine the
primary outcome from double-arm RCTs and observational studies
but due to the low scientific evidence the results have been presented

in Appendix A.

4 | DISCUSSION

VRA is one of the most challenging targets for bone regeneration in
implant dentistry. It is a highly technique- and operator-sensitive pro-
and postoperative

cedure characterized by numerous intra-

o

Forest plot for peri-implant bone loss over time (only RCT). RCT, randomized clinical trial.

complications.'®”” However, the most recent reviews agreed that all
surgical techniques significantly augment the clinical horizontal and
vertical ridge dimensions.%*”

The terms of VRA have been used first in the half of 90s after
some interesting studies about the GBR with nonresorbable mem-
branes’878° then, the following researches have been focused on the
predictability of implants placed in vertically agumented bone and the
stability of their crestal bone levels over time.8?

The primary purpose of this systematic review, conducted on
42 publications, was to analyze the changes in PBL over time of
implants placed after different VRA techniques namely: GBR with
nonresorbable barriers, resorbable barriers, or titanium mesh; Inlay
Graft; Onlay Graft; Distraction Osteogenesis; or Split Bone Block
technique.

The search strategy included studies published in the last
25 years, starting from 1996 because in the authors’ knowledges no
studies about implant success and related peri-implant bone levels
after VRA were published before 1996. A post hoc research was car-
ried out using the above-mentioned search string including MeSH and
related keywords and none of the studies published before 1996
matched the inclusion criteria.
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Author, %
year ES (95% CI) Weight
GBR :

Rokn 2018 —— 27.30 (9.76, 56.59) 8.96
Cucchi 2021 - Group Test -— 5 5.00 (0.89,23.61)  10.53
Cucchi 2021 - Group Control —— 15.80 (5.53, 37.58) 10.41
Subtotal (/2= .%,p =) < 13.30 (3.13,27.64) 29.89
INLAY |

Felice 2018 —~— 53.30 (36.11, 69.74) 11.36
Bolle 2018 —— 25.00 (11.19, 46.87) 10.53
Felice 2019 a — 35.00 (18.12, 56.71) 10.53
Felice 2019 b | ———— 66.70 (41.74, 84.85) 9.82
Esposito 2019 | —— 70.00 (48.10, 85.45) 10.53
Felice 2009 - Group Test —— 40.00 (16.82, 68.73) 8.67
Subtotal (/2 =58.0%, p = 0.04) <> 48.42 (33.72, 63.25) 61.43
ONLAY :

Felice 2009 - Group Control — 20.00 (5.67, 50.98) 8.67
Heterogeneity between groups: p = 0.003

Overall (/2 =75.02%, p = 0.00); <> 34.76 (20.57, 50.30) 100.00

T
0

FIGURE 17

Since the PBL is closely related to the follow-up time, the results
were divided and analyzed for three different intervals: short-term,
medium-term, and long-term follow-up.

While GBR, Inlay graft, and Onlay graft techniques had more
than 12 studies each, the numbers of studies about SBBT and DISTR
were limited. The small number of articles in the literature concern-
ing SBB and DISTR related to PBL values did not make it possible to
highlight statistically significant outcomes over all time periods.
Indeed, to reach statistical significance in a MA, two articles are
required at least for each outcome’? but in the short- and medium-
follow-up there is only one study about SBB2°; and in the long-term
follow-up, only one study about DISTR.>? Consequently, only GBR,
Inlay graft, and Onlay graft have a meaningful MA for all follow-up
periods.

Three different MAs were performed to completely investigate
the primary outcomes of this review. The first one is MA including all
studies, as retrospective cohort studies, prospective cohort studies,
nonrandomized controlled studies, and randomized controlled
studies, and it gives a comprehensive description of the PBL in an
overall follow-up as well as in short-, medium-, and long- follow-up.

The second one including all studies with prospective design (cohort

|
85.5

Forest plots for surgical complications (only RCT). RCT, randomized clinical trial.

studies, controlled clinical trials [CCTs], and RCTs) to reduce the risk
of missing data and the risk of bias. A third MA including only RCTs
allows to have the highest level of evidence and to understand the
surgical techniques having stronger and solider data.

Considering the study design, only GBR, Inlay, and Onlay were
evaluated in randomized or CCTs; SBB was evaluated only in prospec-
tive cohort studies and DISTR only in retrospective cohort studies.

In relation to data from RCTs, implants placed in bone vertically
augmented using GBR seems to have less PBL (about 0.61 mm) than
those placed in sites augmented by Inlay or Onlay bone grafts (about
1.47 and 2.88 mm, respectively). However, the number of studies is
very limited as well as the direct comparison between different surgi-
cal techniques in the same study.

It is important to state that the different follow-up periods could
influence the different values of PBL for each technique; for example,
inlay grafts reported data after a follow-up of 60 months or
longer,®%%5-¢7 while GBR had only RCTs with data after short
or medium follow-up.4344:59.70

For the short-term period, the overall MA indicated that all VRA
techniques presented PBL data that were comparable to the PBL in

native bone, reporting a mean values <1.0 mm. Up to now, a PBL
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Author, %
year ES (95% ClI) Weight
GBR :
Merli 2010-2014 - Group Test ———  36.40 (15.19, 64.65) 6.68
Merli 2010-2014 - Group Control \———— 45.40 (21.23,71.95) 6.68
Rokn 2018 1 ——— 45.50(21.30, 72.03) 6.68
Cucchi 2021 - Group Test —e— 15.00 (5.24, 36.04) 9.57
Cucchi 2021 - Group Control —— 21.10 (8.54, 43.38)  9.31
Subtotal (/2 =26.3%, p = 0.25) I<> 29.18 (16.92, 42.95) 38.93
INLAY
Felice 2018 —— 23.30 (11.77,40.89) 11.68
Bolle 2018 —— 10.00 (2.79, 30.10)  9.57
Felice 2019 a —— 15.00 (5.24, 36.04) 9.57
Felice 2019 b — 0.00 (0.00, 20.39) 8.12
Esposito 2019 —— 15.00 (5.24, 36.04) 9.57
Felice 2009 - Group Test —_— 10.00 (1.79, 40.42)  6.27
Subtotal (2=22.6%, p=0.26) <3 12.03 (5.41,20.35)  54.79
ONLAY
Felice 2009 - Group Control B 20.00 (5.67,50.98) 6.27
Heterogeneity between groups: p = 0.062
Overall (12 =39.88%, p=0.07); <> 18.43 (11.30, 26.62)  100.00
| — T
0 72
FIGURE 18 Forest plots for healing complications (only RCT). RCT, randomized clinical trial.

threshold of 1.5 mm in the first year have been widely accepted and
adopted in the most of the studies, as criteria for implant success?”:2%;
however, this threshold was not based on scientific data and it is no
longer acceptable in comtemporatry implant dentistry.®? the crestal
bone loss were observed to be consistent with a good peri-implant
health, that is <1.0 mm (0.68 + 0.40 mm), over a short- and medium-
term follow-up. Thus, the marginal bone loss that occurs in the early
phase seemingly varies between brands and seems to be related to
the implant design and implant abutment connection, but after this
phase the most of implants experience no additional bone loss and
exhibit PBL <1.0 mm associated with an apparently healthy peri-
implant mucosa.®%84

The highest PBL value was reported by Polo et al.>* for DISTR in
the posterior mandibles (2.60 mm); otherwise, the lowest values
(0.33 mm) were measured by Pieri et al.*® after small VRA in the ante-
rior maxilla, treated with mandibular block grafts covered with
hydroxyapatite and resorbable membrane.

For the medium-term period, the overall MA indicated that GBR
and DISTR showed slightly better values of PBL compared with inlay

grafts; data on onlay grafts were highly variabile.

The major PBL values (3.17 mm) after 5 years of follow-up were
reported by Nystrom et al.,*”¢ who evaluated implants after Le fort
1 osteotomy and inlay grafts, in total edentulous atrophic maxillae,
harvesting cortico-cancellous bone block from the iliac crest. The
lower values (0.38 mm) were reported by Park et al.,”® that only evalu-
ated 26 implants in posterior mandibles augmented with allogeneic
onlay bone blocks, after 2 years of follow up, using panoramic
radiographs.

For the long-term period, the results of the MA showed significantly
better results for SBB and GBR compared with inlay graft and DISTR.
Once again, onlay graft showed a high variability and a mean value set
between GBR and inlay graft values. The highest PBL was reported
again by Nystrom et al.*17¢ after Le fort 1 osteotomy and inlay grafts, in
total edentulous atrophic maxillae at 5 and 10 years of follow-up
(3.13 mm). The lowest PBL value was reported by Merli et al.** after
6 years of follow-up, using two different GBR approaches: titanium-
reinforced PTFE membranes (1.00 mm) and collagen membranes sup-
ported by titanium microplates (1.33 mm).

Up to now, no other recent review has evaluated studies in

relation to PBL over time as primary outcome; however, some data
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Group and Author, year

GBR

Merli 2010-2014 - Group Test
Merli 2010-2014 - Group Control
Cucchi 2021 - Group Test
Cucchi 2021 - Group Control

Subgroup, DL (/2 = 89.8%, p = 0.000)

INLAY
Dottore 2014 - Group Test
Dottore 2014 - Group Control

Subgroup, DL (/2= 0.0%, p = 0.587)

Heterogeneity between groups: p = 0.000
Overall, DL (/> = 93.6%, p = 0.000)

Effect (95% Cl) % Weight

-~ 2.16 (1.27, 3.05) 16.65
- 2.48 (1.81, 3.15) 17.36
+ 4.20 (3.68, 4.72) 17.74
. 4.10 (3.58, 4.62) 17.74
O 3.28 (2.30, 4.26) 69.48
! ——  7.00 (5.46, 8.54) 14.06
'+ 6.50(5.55,7.45) 16.46
() 6.64(5.83,7.44) 30.52

(} 432 (3.13, 5.51) 100.00

T
-10

FIGURE 19

related to changes in marginal bone levels after VRA with at least
12 months follow-up were described by Urban et al.,'! that
observed a significant bone loss over time with a mean value of
1.01 mm. The authors stated that marginal bone loss, that ranged
from 1.40 mm for DISTR to 0.58 mm for GBR with resorbable mem-
branes, was influenced by the type of procedure. The present
review is primarily aimed to investigate the influence of the differ-
ent VRA procedures on peri-implant bone levels after the functional
loading.

Among the secondary outcomes, the report of surgical complica-
tions showed that VRA techniques had a mean value of about 19%,
although most of them did not affect the final results of these proce-
dures. In this regard, inlay graft presented the highest values, mainly
due to the incidence of temporary paresthesia, usually resolving
within a few days. It is important to note that in their randomized clin-
ical trials about short implants versus inlay grafts in posterior mandi-
bles, Felice et al.®®%¢ and Esposito et al.®” accurately reported all
kinds of neurological alterations from the day after surgery, recording
about 55%-70% of temporary paresthesia, in comparison to other
authors who included only neurological alterations lasting more than
1-3 months after surgery. The lowest values of surgical complications
(1.4%) were reported by Chiapasco et al.®? in a large cohort study
both in mandibles and maxillae with onlay grafts covered by resorb-
able membranes, although a retrospective design is not very reliable
for obtaining data about surgical complications.

Concerning the healing complications, all VRA techniques showed

similar percentage values, giving a mean value of about 16%. In

0

T
10

Forest plot for vertical bone gain (only RCT). RCT, randomized clinical trial.

contrast to surgical ones, this kind of complication usually affected

the final results of bone augmentation, due to the partial or complete

loss of bone graft.8>

|50

The highest percentage was reported by Pérez-
Sayans et a in a prospective cohort study about DISTR using
intrabony distractor (85.7%), where the most common problems were
the deviation of the distraction axis, that can result in a partial reduc-
tion of the VBG. The lowest rate was reported by Urban et al.% in a
retrospective cohort study on 35 patients treated with GBR using Ti-
reinforced PTFE membranes (2.78%), where only one patient devel-
oped a fistula on top of the membrane area, two weeks after bone
grafting.

With regard to VBG, the values reported in 23 studies provided a
mean value of about 5.2 mm, showing similar values for the different
techniques, with DISTR showing the highest value (9.9 mm) reported
by Chiapasco et al.8¢ As previously described, the lowest value
(1.7 mm) was observed after mandibular block grafts by Pieri et al.*®
The observed data could be different compared with those reported
in other systematic review focused on VBG as primary outcomes,
because the present review aimed at understanding which techniques
showed lowest PBL over time and consequently only included studies
reporting data about PBL, and not all studies reporting the VBG
values.*7:20

In regard to VBG, two interesting studies have been published
recently but not included in this review because they did not report

|87

PBL even at 1 year of follow-up: Urban et al.°” evaluated the use of

reinforced PTFE meshes, reporting a mean VBG of 5.2 mm, that is

equal to the value observed in this review; then, Chiapasco et al.®®
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CUCCHI ET AL. WI LEY 53
Author, %
year ES (95% ClI) Weight
GBR |

Merli 2010-2014 - Group Test
Merli 2010-2014 - Group Control
Rokn 2018

Cucchi 2021 - Group Test
Cucchi 2021 - Group Control
Subtotal (/2 =0.0%, p = 1.00)

INLAY

Felice 2018

Bolle 2018

Felice 2019 a

Felice 2019 b

Esposito 2019

Dottore 2014 - Group Test
Dottore 2014 - Group Control
Felice 2009 - Group Test
Subtotal (/2 =0.0%, p =0.92)

ONLAY

Felice 2009 - Group Control

Heterogeneity between groups: p = 0.003
Overall (12 =7.63%, p =0.37);

—:» 100.00 (91.62, 100.00) 8.30
—e 100.00 (93.47, 100.00)  10.56
—— 100.00 (85.13, 100.00)  4.59
—e 100.00 (92.29, 100.00)  9.01
—e 100.00 (90.36, 100.00) 7.22
(

{1 100.00 (98.98, 100.00) 39.68

B o

| 95.10 (86.53, 98.32) 11.56
—<¢ 97.90 (88.78, 99.64) 9.01
——' 93.60 (82.81, 97.80) 9.18
—— 06.70 (83.38, 99.42) 6.11
——— 93.50 (79.22, 98.19) 6.30
— 05.45 (78.20, 99.19) 4,59
— 95.45 (78.20, 99.19) 4.59
—— 100.00 (83.89, 100.00)  4.20
Q 96.17 (93.24, 98.42) 55.54

—— 100.00 (85.69, 100.00) 4.78

Q 98.64(97.03,99.73)  100.00

|
0

FIGURE 20

using the customized CAD/CAM titanium meshes, had a mean
value 4.8 mm.

In the present review the PBL/VBG ratio, that expresses the stabil-
ity of augmented bone in relation to the entity of vertical augmenta-
tion, was measured for all type of procedures. Since some authors
suggested the amount of vertical bone was directly related to the
amount of observed bone resorption, a comparison of different
PBL/VBG ratios was performed to understand which technique
showed the more stable peri-implant levels independently of the
amount of bone augmentation. This analysis found that SBBT and
inlay graft are the two techniques in which the VBG had the lower
influence on the maintenance of the peri-implant bone levels,

| |
78.2 100

Forest plot for implant survival rate (only RCT). RCT, randomized clinical trial.

although these data derived from fewer studies (n = 5) in comparison
to those relative to GBR (n = 14).

The reasonable minimum vertical bone defect for performing a
VRA could be a topic of debate, considering that the mean PBL was
1.4 mm after a mean follow-up longer than 3 years.

With regard to implant survival and implant success, the mean
values were 97.9% and 92.2%, respectively. The type of procedure
also influenced the outcomes: the SURV ranged from 94.6% for inlay
graft to 99.9% for GBR; while the SUCC ranged from 83.6% for
Inlay graft to 98.2% for GBR.

These mean rates were comparable to previous studies

about implants placed in pristine bone after a mean observation
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54 | Wl LEY CUCCHI ET AL
Author, %
year ES (95% Cl) Weight
GBR I

Merli 2010-2014 - Group Test
Merli 2010-2014 - Group Control
Rokn 2018

Cucchi 2021 - Group Test
Cucchi 2021 - Group Control
Subtotal (/2 =0.0%, p = 1.00)

INLAY

Dottore 2014- Group Test
Dottore 2014 - Group Control
Felice 2009- Group Test
Subtotal (2=.%,p =)

ONLAY

Felice 2009 - Group Control

Heterogeneity between groups: p = 0.000
Overall (/2 =58.25%, p =0.01);

_’—
———
—_——
<>
_’_

—: 100.00 (91.62, 100.00) 12.72
—+ 100.00 (93.47, 100.00) 13.86

—+ 100.00 (85.13, 100.00) 9.70
—+ 100.00 (92.29, 100.00) 13.12
— 100.00 (90.36, 100.00) 12.03
{ 100.00 (98.98, 100.00) 61.43

90.90 (72.17, 97.47)  9.70
90.90 (72.17, 97.47)  9.70
90.00 (69.90, 97.21)  9.25
90.63 (81.61,97.16)  28.66

86.90 (67.81,95.43) 9.92

<) 98.06 (94.02, 100.00)

100.00

I I

0 67.8

FIGURE 21

period of at least 5 years.®? Also, a recent systematic review con-
firmed that no statistically significant differences were observed
between implants placed in pristine versus augmented sites for
any outcome variables both at patient and at implant levels,
respectively.'®

In the present review, SBB have been distinguished from any
other techniques due to its miscellaneous particularities, such as the
autogenous bone lamina used as barriers similar to GBR, the apical
space between the native bone and the lamina-like inlay graft, and the
apposition of the autogenous bone above alveolar ridges like
the onlay graft.”® Further reviews could include SBB in GBR as well as
in inlay or onlay grafts.

A matter of discussion could be the method used to express PBL
values over time. The authors choose to divide the analysis of PBL
over 3 different periods (short-term <1 year; medium-term 2-4 years;

and long-term >5 years). There are mainly two reasons: (i) PBL is a

I
100

Forest plot for implant success rate (only RCT). RCT, randomized clinical trial.

variable strongly correlated with the length of follow-up and (ii) there
are insufficient data related to each year of follow-up. This method
made it possible to have a better comparability of PBL values in the
first year compared with the following years, eliminating the effect of
follow-up time on crestal bone levels.

The present systematic review and MA revealed that it is difficult
to draw strong conclusions about the VRA technique having less PBL
over the years due to the presence of some limitations.

The major limitation is the radiographic method to assess the
PBL: the intraoral radiographs are surely more suitable and efficient
for measuring the crestal bone levels around implants than ortho-
pantomography.®? In this review, studies using both intraoral radio-
graphs and/or orthopantomography have been included in order to
not overlook some important studies about VRA. In this regard, the
cone-beam computed tomography systems (CBCT) is more accu-

rate, as it allows a three-dimensional measurement of peri-implant
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TABLE 14 Summary of findings for GRADE statement of included studies.

The influence of vertical ridge augmentation techniques on peri-implant bone loss

Patient

Intervention

Patients with different vertical deficiencies

Vertical ridge augmentation techniques

Guided bone regeneration (GBR; nonresorbable, resorbable membranes, and
titanium mesh), Onlay graft (ONLAY), not covered and covered with a resorbable membrane),
Inlay graft (INLAY), Distraction Osteogenesis (DISTR), and Split bone block technique (SBB)

Relative effects

Comparison

Number of
Outcomes participants (Studies) (95% Cl)
Peri-implant bone loss 1127 (43)

PTFE vs. MESH
PTFE vs. COLLAG
MESH vs. ONLAY
COLLAG vs. SHORT
INLAY vs. ONLAY
INLAY vs. SHORT
ONLAY vs. DISTR

—0.03(—1.31; 1.24)
—0.120 (—1.44; 1.20)
—0.079 (-1.39; 1.24)

0.142 (—1.16; 1.44)
—0.581 (—1.62; 0.46)

0.557 (—0.08; 1.19)
—0.300 (—1.89; 1.29)

Certainty of

evidence (GRADE)

@ooo*P< Very low

Key messages in
simple terms

It is not possible to
clearly identify
the VRA
technique having
less peri-implant
bone loss over
the years

Note: Study: RCTs, CCTs, prospective cohort studies, and retrospective cohort studies. 95% Cl: 95% confidence interval. Domains that lower the level of

evidence.

Abbreviations: CCTs, controlled clinical trials; GRADE: Evidence grades. Grading of Recommendations Assessment, Development, and Evaluation; RCTs,

randomized clinical trials.
2Certainity of the evidence downgraded 1 level due to high risk of bias.

PCertainity of the evidence downgraded 1 level due to inconsistency (substantial heterogeneity).
“Certainity of the evidence downgraded 1 level due to Imprecision (wide confidence intervals).

9293 and the scientific literature also validates the

bone levels
CBCT, instead of the bidimensional radiographs, for assessing the
peri-implant bone levels®*~?¢ but the biological and financial costs
for the patients limit its use.

Further limitations of this review are the number of included
studies: there are several randomized controlled trials about VRA
reporting complications, HBG, VBG, and/or implant survival, but few
trials report PBL over time, which is the main inclusion criteria of this
systematic review. For this reason, the authors incorporated all type
of studies, including observational studies or trials comparing short
versus long implant in augmented sites.>®¢145-%7 Moreover, we must
note that the detection of small-study effect could limit the generaliz-
ability of this review's findings. However, the quality of analyzed stud-
ies was not weak because they included seven RCTs with moderate
risk of bias and three with low risk of bias, without any RCT with high
risk of bias; and more than half of nonrandomized trials had a moder-
ate quality, confirming the presence of some significant studies about
PBL after VRA.

Finally, this review could not describe separately the PBL values
separately for mandible and maxilla because many authors did not
break them down for maxilla and mandible, giving a mean result for
both jaws. The scientific literature highlights how this outcome should
be differentiated, since the mandible and the maxilla have a different
bone density and different marginal bone loss.”” Also, the type

of implant-abutment connection, collar features, and surface

characteristics can influence the changes in marginal bone levels as
observed in different systematic reviews.”®-1%0

The strength of the present review is that it represents the only
review evaluating PBL around implants in vertically augmented bone
as the primary outcome. In order to give detailed information and bet-
ter description about peri-implant bone levels over time, the data
were analyzed in different follow-up intervals. The review included all
types of VRA techniques: GBR including nonresorbable membranes,
resorbable membranes, and titanium meshes; Onlay grafts; Inlay
Grafts; Osteogenenic Distraction; and Split Bone Block technique.
Then, it is important to highlight that two different MA approaches
were used, offering more information about the primary outcome and
related data. Finally, the most significant secondary outcomes were
accurately reported and analyzed to provide a better understanding of
the behavior of implants placed in regenerated bone.

5 | FUTURE RESEARCH AND
RECOMMENDATIONS

To have a high level of evidence and confirm the trends observed in
the present review, the authors suggest the need for more CCTs
and/or RCTs comparing two or more surgical techniques with stan-
dardized methods for radiographic measurements, such as periapical

radiographs; more long-term studies reporting complete data after
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TABLE 15 Meta-regression.
VRA Technique Moderator Coefficient 95% CI p-Value
GBR Follow-up in months (continuous) 0.009 —0.0001 to 0.019 0.053
Follow-up in years (continuous) 0.111 —0.002 to 0.223 0.053
Jaw of interest Mandible (lower jaw) 0 — —
Jaws 0.620 0.232-1.009 0.002
Study design Retrospective studies 0 - -
Prospective studies —0.244 —0.658 t0 0.170 0.248
RCTs —0.770 —1.136 to —0.403 <0.001
Implant connection Conical 0 - -
Internal hexagon 0.736 0.248-1.223 0.003
External hexagon 0.526 0.087-0.965 0.019
VBG (continuous) 0.267 0.087-0.448 0.004
Inlay graft Follow-up in months (continuous) 0.027 0.012-0.041 <0.001
Follow-up in years (continuous) 0.318 0.144-0.493 <0.001
Jaw of interest Maxilla (upper jaw) 0 - -
Mandible (lower jaw) —1.254 —1.878 to —0.630 <0.001
Study design Retrospective studies 0 — —
Prospective studies 0.278 —1.018 to 1.574 0.674
RCTs —0.39 —1.422 to 0.634 0.453
Implant connection Conical 0 - -
External hexagon 0.319 —2.071 to 2.708 0.794
Internal hexagon —0.260 —3.303 to 2.783 0.867
VBG (continuous) —0.289 —0.555 to —0.024 0.033
Onlay graft Follow-up in months (continuous) 0.0005 —0.013 t0 0.014 0.936
Follow-up in years (continuous) 0.006 —0.151 t0 0.163 0.936
Jaw of interest Maxilla (upper jaw) 0 — —
Mandible (lower jaw) —0.251 —1.785 to 1.284 0.749
Jaws —0.602 —2.174 t0 0.970 0.453
Study design Retrospective studies 0 - —
Prospective studies 0.176 —0.814 to 1.165 0.728
RCTs 1.746 —0.090 to 3.581 0.062
Implant connection Conical 0 — —
Internal hexagon 0.771 —0.117 to 1.660 0.089
External hexagon —0.130 —0.996 to 0.736 0.769
VBG (continuous) 0.134 —0.100 to 0.367 0.261

Abbreviations: GBR, guided bone regeneration; RCTs, randomized clinical trials; VBG, vertical bone gain.

longer follow-up; and more multicenter cohort studies with a larger
sample of patients.

Finally, the authors encourage continuing the long-term follow-up
of treated patients in already published studies, to update the data

over time.

6 | CONCLUSIONS

The studies included in the present review directly addressed the

focused question, reporting the changes of peri-implant bone levels

during follow-up, finding a mean pooled value of PBL after a follow-
up of more than 3 years that was <1.5 mm.

However, the outcomes of the MA should be interpreted with
caution due to high variability with respect to number of studies for
each technique, PBL measurements, duration of follow-ups, and eligi-
bility criteria. While GBR, onlay graft, and inlay graft techniques are
supported by data derived from a significant number of studies, there
was a lack of studies about other surgical techniques (distraction
and SBB).

Nevertheless, within the limitations of the present review, the pri-

mary findings of the MA, based on the changes between final and
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baseline values, have shown that the PBL could be influenced by the

type of VRA procedure but there is a need to evaluate in randomized

clinical trials the behavior of the peri-implant bone levels after long-

term follow-up for all techniques in order to establish which is the

VRA technique having less PBL over the years.
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APPENDIX A

A.l1 | NETWORK META-ANALYSIS

A NMA was carried out based on a frequentist approach, generalizing
traditional pairwise meta-analyses and allowing the comparison of dif-
ferent VRA techniques. Using the STATA network package, the statis-
tical analysis included a combination of both direct comparisons (from
studies directly comparing interventions) of different VRA techniques,
and indirect comparisons using information about two treatments
derived via a common comparator. Only RCT studies reporting data
on at least two different types of procedures were included in
the NMA.

As for the assumptions of the NMA, “similarity” between studies
was assessed qualitatively, both through the adoption of the PICO
model for the search strategy and the assessment of full texts of
included articles, making sure that studies included in the NMA were
comparable, with the adopted procedures being the only remarkable
difference between them. Instead, the analysis tested for “transitivity”
quantitatively, by statistically assessing consistency of the network
through the STATA commands network meta-inconsistency and net-
work sidesplit.

The results of the NMA are graphically presented using a network
forest plot, and the occurrence of publication bias was assessed by
visually checking the symmetry of the funnel plots.1°!

Then, in order to provide information about the ranking of the dif-
ferent interventions under investigation for PBL, the statisticians gen-
erated cumulative rankograms for each and computed surface under

the cumulative ranking curve (SUCRA) values.*°!

A2 | RESULTS

The network meta-analysis regarding PBL was conducted on 12
studies 42#451:58-61.65-67.70.73  Chgaracteristics of each study are
given in Table 1. The overall structure of the network, with informa-
tion regarding the procedures being compared and the available
direct comparisons between pairs of interventions, is given in
Figure Al. Testing for inconsistency and the local tests on loop
inconsistency are in Table A2. Because inconsistency was found to
be absent in both the global and local tests, the consistency assump-

tion were accepted.

TABLE A1 Network forest list.

Comparison Mean gdifference (95% Cl)  Standard error

—0.03(—1.31; 1.24
—0.120 (-1.44; 1.20 0.675
-0.079 (-1.39; 1.24 0.671

PTFE vs. MESH )
)
)
0.142 (-1.16; 1.44) 0.665
)
)
)

PTFE vs. COLLAG
MESH vs. ONLAY
COLLAG vs. SHORT
INLAY vs. ONLAY
INLAY vs. SHORT
ONLAY vs. DISTR

0.652

—0.581 (-1.62; 0.46 0.530
0.557 (—0.08; 1.19 0.325
—0.300 (—1.89; 1.29 0.371
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DISTR The network meta-analysis results in terms of PBL are summa-
ONLAY rized in Figure A2 and Table A1 as mean differences and p-values,
while the contribution of direct comparisons between the various
bone augmentation techniques is contained in Table A3. The results
MESH indicated that there were no significant differences between the vari-
ous compared procedure groups. Definitely, the probability of being
the best for each treatment group is reported in Table A4 and
Figure A3. Considering the limitations of this analysis, the SUCRA
INGEY values are higher for the PTFE and DISTR techniques, suggesting a
better performance of these than the inlay graft and short implants,
which present considerably lower values.

PTFE As for the assessment of publication bias, visual inspection of the
funnel plot suggested its occurrence for both of the comparisons inlay
graft versus onlay graft and inlay graft vs. short implants, as shown in

SHORT Figure A4. In general, the degree of asymmetry could not be accu-
COLLAG rately determined due to the small number of studies for any single
comparison. The funnel plot analysis, considering the limitation due to
FIGURE A1 Network map. the low number of studies, is suggestive of publication bias (small
study effect).
TABLE A2 Inconsistency and loop inconsistency values.
Side p>|z|
PTFE vs. MESH 0.927
PTFE vs. COLLAG 0.927
MESH vs. ONLAY 0.927
COLLAG vs. SHORT 0.927
INLAY vs. SHORT 0.927
INLAY vs. ONLAY 0.927
ONLAY vs. DISTR 1.000
Global 0.927
FIGURE A2 Network forest plots.
COLLAG vs. PTFE MESH vs. PTFE
Merli Cucchi —_
AIAC —_ AllAB —_
Al studies _ All studies _ ——
SHORT vs. COLLAG ONLAY vs. MESH
Rokn Park
AlCG —_ AIBE —_
Al studies _ —— Al studies _  —
SHORT vs. INLAY ONLAY vs. INLAY
Bolle Barone —_—
Esposito —. Felice 2009
Felice 2018 —_ AID E _—
Felice 2019 a _— All studies _
Felice 2019 b _—
Al :L,i:: <>: DISTR vs. ONLAY
Kim _—
AIEF —_— —
All studies _
T T T T T T T
—4 -2 0 2 -4 -2 0
Mean difference
* Studies Pooled within design Pooled overall

Test of consistency: chi2(1) = 0.01. p = 0.927
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TABLE A4 Treatment relative ranking of Model 1. o
°
71N
Treatment SUCRA PrBest MeanRank vl s
/ \
L4
PTFE 61.1 17.7 3.3 L] /I e \\‘
MESH 56.6 19.1 36 g lole N .
=3 /
COLLAG 54.8 16.8 3.7 s ,' 9158 \
o / r \
INLAY 50.1 131 4.0 5 / 0 b
° / \
ONLAY 228 03 56 3 i \
=
DISTR 60.6 13.9 34 & H ) ‘\\
! &
SHORT 44.0 19.1 4.4 ’ \
o
2 4 0 1 2
v - Effect size centred at comparison-specific pooled effect (y,,w,,)
©® COUAG v SHORT @ COULAG v PTFE @ DISTR va ONLAY @ INLAY va ONLAY @ pAY v3 SHORT @ u(sv--cwur
TABLE A5 Articles excluded after full-text analysis and their @ wxiw e
reasons.
Exclusion motivations Excluded articles FIGURE A4 Network funnel plots.

Solely horizontal bone augmentation 57,102-11¢

Not meeting the inclusional criteria SEEEEETARR

Same articles with less follow-up than 75,145-163
those included in the review
FIGURE A3 Rankograms. COLLAG DISTR INLAY
© © ©
© © ©
< < <
o o~ o
o o )
T T T T T T T T T T T T T T T T T T T T T
» 1 2 3 4 5 6 7 i 2 3 4 5 6 7 1 2 3 4 5 6 7
2
= MESH ONLAY PTFE
© -~ — -
Q2 -] © -]
2 q © ©
< < <
9 « Y o
= © o o
5 T T T T T T T T T T T T T T T T T T T T T
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=
o SHORT
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Rank
Graphs by Treatment
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