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Abstract

Aim By means of a systematic review and network meta-analysis, this study aims to answer the following questions: (a) does
the placement of a biomaterial over an extraction socket lead to better outcomes in terms of horizontal and vertical alveolar
dimensional changes and percentage of new bone formation than healing without coverage? And (b) which biomaterial(s)
provide(s) the better outcomes?

Materials and methods Parallel and split-mouth randomized controlled trials treating > 10 patients were included in this
analysis. Studies were identified with MEDLINE (PubMed), Embase, Cochrane Central Register of Controlled Trials, and
Scopus. Primary outcomes were preservation of horizontal and vertical alveolar dimension and new bone formation inside
the socket. Both pairwise and network meta-analysis (NMA) were undertaken to obtain estimates for primary outcomes. For
NMA, prediction intervals were calculated to estimate clinical efficacy, and SUCRA was used to rank the materials based on
their performance; multidimensional ranking was used to rank treatments based on dissimilarity. The manuscript represents
the proceedings of a consensus conference of the Italian Society of Osseointegration (IAO).

Results Twelve trials were included in the qualitative and quantitative analysis: 312 sites were evaluated. Autologous soft
tissue grafts were associated with better horizontal changes compared to resorbable membranes. A statistically significant
difference in favor of resorbable membranes, when compared to no membrane, was found, with no statistically significant
heterogeneity. For the comparison between crosslinked and non-crosslinked membranes, a statistically significant difference
was found in favor of the latter and confirmed by histomorphometric NMA analysis. Given the relatively high heterogeneity
detected in terms of treatment approaches, materials, and outcome assessment, the findings of the NMA must be interpreted
cautiously.

Conclusions Coverage of the healing site is associated with superior results compared to no coverage, but no specific sealing
technique and/or biomaterial provides better results than others. RCTs with larger sample sizes are needed to better elucidate
the trends emerged from the present analysis.

Clinical relevance Autologous soft tissue grafts and membranes covering graft materials in post-extraction sites were proved
to allow lower hard tissue shrinkage compared to the absence of coverage material with sealing effect. Histomorphometric
analyses showed that non-crosslinked membranes provide improved hard tissue regeneration when compared to crosslinked
ones.

Keywords Alveolar ridge preservation - Coverage - Resorbable membrane - Non-resorbable membrane - Crosslinked
membrane - Non-crosslinked membrane - Histomorphometric analysis - Systematic review - Network meta-analysis

Introduction

The manuscript represents the proceedings of a consensus
conference of the Italian Academy of Osseointegration (IAO,

. . After dental extractions, a wound healing cascade occurs
https://www.iao-online.com).

in fresh extraction sockets involving both hard and soft
Massimo Del Fabbro and Grazia Tommasato contributed equally tissues. This sequence of biological events results in
and share first authorship in the making of this manuscript. variable horizontal and vertical alveolar ridge resorption,
both at the buccal and palatal/lingual aspects. This bone
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remodeling process may vary depending on individual
local and systemic factors but especially affects the bucco-
coronal horizontal thickness [1, 2] at anterior sites [3].
This phenomenon appears to be progressive and often
results in esthetic and functional challenges during reha-
bilitation of partial or complete edentulism with dental
implants [4].

To minimize the probability of needing bone augmen-
tation at the time of implant placement, a wide variety
of alveolar ridge preservation (ARP) materials have been
described over the last decades. These include grafting
with different biomaterials or biological agents with or
without the placement of barriers to prevent ingrowth of
soft tissues into the socket [5, 6, 7]. The biomaterial used
to seal the socket should ideally inhibit epithelial and con-
nective tissue ingrowth, stabilize the grafting material, and
limit bacterial contamination [8]. In addition to resorb-
able and non-resorbable membranes, different biomaterials
utilized for soft tissue augmentation such as autogenous
free gingival grafts, dermal allografts, and collagen matrix
xenografts have also been used to seal the socket [6, 9, 10].

Resorbable and non-resorbable membranes can be
totally covered with a coronally advanced flap to achieve
primary closure following the biologic principles of
guided bone regeneration. However, this procedure inevi-
tably leads to a change in the gingival architecture and
position of the mucogingival junction. To avoid this, col-
lagen membranes with different resorption periods may
intentionally be left exposed to provide a transient barrier
function [11]. The use of a dense polytetrafluoroethyl-
ene (d-PTFE) membrane with a low porosity also allows
membrane exposure [12, 13]. Human placental allograft
membranes [12], collagen sponges [8], and xenogenic
non-crosslinked collagen matrices have also been utilized
to seal sockets in this manner. Histologic studies of non-
crosslinked collagen matrices in non-submerged or sub-
merged environments revealed complete integration with
mature mucosal and submucosal tissues and revasculariza-
tion of the membrane after 3 months [14, 15]. Clinically,
collagen matrices, when utilized as a barrier during ARP,
are associated with a sufficient width of newly formed
keratinized soft tissue [8, 16, 17]. Autogenous soft tis-
sue grafts are another alternative but are associated with
relatively high morbidity due to the fact they must be har-
vested from the palate.

However, at present, the influence of different biomaterials
used to seal the socket on final ridge dimensions or histologic
outcomes after ARP is not fully understood [11]. Therefore,
the aim of the present systematic review and meta-analysis
was to evaluate and compare the effect of different cover-
age materials (autologous palatal gingival grafts, resorbable
membranes, and non-resorbable membranes) for ARP.
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Materials and methods
Study registration

This review was conducted following the PRISMA guide-
lines (http://www.prisma-statement.org/). The review pro-
tocol was registered with PROSPERO (submission No.
196275).

The manuscript represents the proceedings of a consensus
conference of the Italian Society of Osseointegration (IAO,
https://www.iao-online.com).

Patient, intervention, comparison, and outcome
(PICO) question

The following focused questions were elaborated following
the PICO format:

Population (P): patients receiving extraction and ARP

Intervention (I): ARP (using bone grafts or spontane-
ous healing) placing a biomaterial to seal the socket coro-
nally (autogenous soft tissue grafts, allogeneic membranes
(e.g., amnion-chorion membrane), resorbable collagen
membranes (crosslinked [CM:Cross] or non-crosslinked
[CM:NonCross], and non-resorbable membranes)

Comparison (C): ARP (using bone grafts or spontane-
ous healing) without placing a biomaterial to seal the socket
(control, no sealing biomaterial)

Outcome (O): horizontal and vertical alveolar dimen-
sional changes and percentage of new bone formation

Focused questions
In patients undergoing tooth extraction and ARP:

1) Is the placement of a biomaterial over the extraction
socket beneficial compared to healing without coverage
in terms of horizontal and vertical alveolar dimensional
changes and percentage of bone formation?

2) What is the relative efficacy of different available bio-
materials for sealing sockets during ARP as compared
to each other?

Eligibility criteria

Randomized clinical trials with either parallel or split-mouth
designs involving treatment of > 10 patients (> 5 patients/
group) that evaluated alveolar horizontal/vertical changes
and/or newly formed vital bone after ARP with > 2-month
follow-up were eligible for inclusion. Included studies must
have had the same bone grafting material or spontane-
ous healing used in both test and control groups, with the
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only difference being the type of biomaterial (membrane/
autologous soft tissue grafting) used for coverage. Studies
using the same coverage biomaterial in both test and con-
trol groups were excluded. Additionally, studies where both
the graft and coverage materials differed between test and
control groups were also excluded, due to the difficulty of
statistically isolating the effects of these two variables. For
studies with multiple treatments, only the data pertinent to
the present review were considered. Lastly, studies evaluat-
ing soft tissue changes alone or volumetric changes were
excluded. Studies including sites with complete socket wall
destruction were excluded; studies including contentive
defects (without one or maximum two resorbed/destroyed
walls) were included.

Search strategy

A literature search was carried out using electronic databases
(MEDLINE (PubMed), EMBASE, Cochrane Central Reg-
ister of Controlled Trials, Scopus), using an ad hoc search
string that was adapted to each database: (((((((“tooth extrac-
tion”) OR “socket”) OR “alveolus”) OR “dental extrac-
tion”)) AND ((((((((((“bone grafts”) OR “biomaterials”)
OR *“autografts”) OR “collagen”) OR “cell therapy”) OR
“platelet concentrates”) OR “alloplasts”) OR “allografts”)
OR “xenograft”) OR “bioceramic scaffolds™))) AND
(((((*“alveolar ridge preservation”) OR “socket preserva-
tion”) OR “socket grafting”’) OR “socket filling”’) OR “ridge
maintenance”). The electronic search was conducted up to
4th April, 2021. A hand search was also performed through
pertinent dental journals. The reference lists of all identified
RCTs and relevant systematic reviews were scanned for pos-
sible additional studies. Online registries were also checked
(http://clinicaltrials.gov/; http://www.centerwatch.com/clini
caltrials/; http://www.clinicalconnection.com/). No language
and date restrictions were made.

Study selection

Two reviewers (LC, GT) independently screened the titles
and abstracts of retrieved articles to identify eligible studies.
The full text of all the eligible articles was obtained. Pub-
lications not meeting the selection criteria were excluded.
Disagreements were resolved by discussion or by consulting
a third reviewer (MDF). Two reviewers (GT, SK) assessed
each study to confirm eligibility, and the reasons for exclu-
sion were noted.

Data collection
Relevant data to the study protocol (e.g., parallel or split-

mouth design, flap or flapless technique, antibiotic pre-
scription, presence or absence of the buccal wall, inclusion

of smokers) were extracted from the included studies and
reported in a predetermined datasheet.

Primary outcome measures

1. Horizontal dimensional changes after ARP measured
clinically or radiographically at the crestal level, at different
vertical distances from the crest or from landmarks (adjacent
teeth or implants).

2. Vertical dimensional changes after ARP measured
clinically or radiographically at the crestal level or at the
buccal and palatal/lingual aspects.

3. Percentage of newly formed bone evaluated through
histomorphometric analysis of biopsies.

All of the above parameters were evaluated > 2-month
post-extraction.

Risk of bias assessment

Two independent reviewers (LC, SK) evaluated the methodo-
logic quality of included studies as part of the data extrac-
tion process. The risk of bias of included RCTs was assessed
based on the following criteria adapted from the Cochrane
Handbook for Systematic Reviews of Interventions: randomi-
zation method, concealed allocation of treatment, blinding
of outcome assessors, completeness of outcome assessment
reporting, and completeness of information on reasons for
withdrawal by trial group. All criteria were scored as ade-
quate/inadequate/unclear. The domain regarding blinding of
participants and personnel (performance bias) was not con-
sidered because in ridge preservation neither the surgeon
nor the patient can be efficiently masked to the bone graft
material used, especially when the control treatment is self-
healing. The reviewers contacted the authors of identified
studies for clarification or to provide missing information
as needed.

Studies were classified as low risk of bias (plausible bias
unlikely to seriously alter the results) if all criteria were
judged adequate; moderate risk of bias (plausible bias that
raises some doubt about the results) if one or more criteria
were considered unclear and none were considered inade-
quate; or high risk of bias (plausible bias that seriously weak-
ens confidence in the results) if one or more criteria were
judged inadequate. Disagreements between reviewers were
resolved by discussion or by consulting with a third reviewer
(MDF).

Data analysis
Since the outcomes of ARP depend on many factors such as
the graft material, surgical technique (e.g., flap/flapless, the

use of a membrane), baseline condition of the socket (e.g.,
presence/absence of buccal or vestibular/lingual walls, wall
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thickness), post-operative management approach (e.g., antibi-
otic prophylaxis), and patient-specific response to treatment, a
random-effects model according to DerSimonian and Laird was
chosen to address variability. Both pairwise and network meta-
analysis (NMA) were undertaken to obtain estimates for primary
outcomes. The estimate of the effect of an intervention was
expressed as mean differences (MDs) along with 95% confidence
intervals (Cls). Heterogeneity among studies was assessed using
Cochran’s test for heterogeneity and was considered significant
when p < 0.1. The quantification of heterogeneity was estimated
with /2 statistics. Substantial heterogeneity was considered when
P > 50%. The software Review Manager (version 5.4, 2020; the
Nordic Cochrane Center, the Cochrane Collaboration, Copenha-
gen, Denmark) was used for pairwise meta-analysis. Data from
split-mouth and parallel group studies were combined using the
generic inverse variance procedure. Meta-analysis was under-
taken only when > 2 studies with similar comparisons reporting
the same outcome measures were found.

For NMA, the prediction intervals (PrIs) were calculated to
predict future clinical effects by incorporating heterogeneity.
Multidimensional ranking was also used to rank competing
treatments. Inconsistency factor (IF) assess the presence of
statistical inconsistency and netweight would assess, which
comparison is affected more by high risk of bias studies. All
analyses were done with Stata (version 16, StataCorp, College
Station, TX) by one author (SK), with the commands xtgee,
metan, mvmeta, network, and the routines from Chaimani et al.
[18]. A two-tailed p value = 0.05 was considered statistically
significant for hypothesis testing. Information regarding mean
difference, SD, type of treatment, and number of subjects was
collected from clinical studies. In situations where only one
study was identified for a given comparison, the study was
excluded because there would be network (geometry) discon-
nection, and no further analysis was possible. It was decided
to divide data analysis according to the following categories,
which are represented by the different sealing materials:

1. Control (no sealing)

2. Autogenous soft tissue grafts taken from the palate
(CTG, connective tissue graft)

3. Allogeneic membranes (ACM, amnion-chorion mem-
brane)

4. Resorbable collagen membranes (crosslinked or non-
crosslinked)

5. Non-resorbable membranes

Results
Qualitative analysis of included studies

Fig. 1 provides a flowchart of the study selection process.
The search strategy yielded a total of 2,147 items. After

@ Springer

full-text evaluation of 174 eligible studies, 12 RCTs were
included [8, 11-13, 16, 17, 19-24]. A total of 162 studies
were excluded at this stage, and the reasons for exclusion
were summarized in Fig. 1. Tables 1 and 2 describe the main
features and outcomes of the included studies, respectively.

Overall, 321 sockets (159 in the control group and 162 in
test groups) were treated, and 312 sites were evaluated (156
in the control group and 156 in test groups). In two studies,
the control and test sockets were left to heal spontaneously
[13, 24]. The follow-up duration ranged from 3 to 12 months
(mean 5.5 months). One study included sockets in which the
buccal wall was absent [22]. Antibiotics were prescribed in
10 studies.

The scenarios presented in the included studies were the
following:

1. Same type of bone graft with and without a membrane
(Lim 2019, Perelman)

e 43 sites in 43 points
2. Self-healing (SH) with and without a membrane (Man-

darino, Lekovic)

e 52 sites in 36 points
3. Same type of bone graft with different membranes in

group 1 and 2 (Chiang, Hassan; Lim 2017; Natto, Arbab,
Parashis, Engler-Hamm)

e 187 sites in 168 points

4. Same type of bone graft + autogenous soft tissue graft
(CTG) vs resorbable non-crosslinked membrane (Mel-
oni)

e 30 sites in 30 points

There was a large degree of variability between studies
in terms of (a) techniques and materials used; (b) outcomes
investigated; (c) sites of tooth extraction; (d) timing of eval-
uation; (e) reason for extraction; (f) inclusion of compro-
mised sockets; (g) use of antibiotics; and (e) flap vs. flapless
extraction.

Additionally, some studies measured overall changes in
the vertical or horizontal dimensions [19, 24], others distin-
guished between buccal and lingual/palatal measurements
[12, 13], others estimated dimensional changes at the crestal
level [11], and certain studies evaluated changes at different
vertical levels apical to the crest [8, 11, 16, 17, 19-21, 23].
In the present review, the mean dimensional values were
calculated and used to compare results of the 12 included
articles.

The time interval between ARP and the post-surgical
assessment varied between 3 and 12 months (see Table 2
for more details).

The techniques used to measure vertical and/or horizontal
alveolar changes were different between studies, involving
direct radiographs (either 2D or 3D) [8, 12, 16, 17, 19-21],
digital scans of casts obtained by impressions [20], or clini-
cal measurements using calipers [11, 13, 22]. Moreover, the
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Fig. 1 Flowchart of the study
selection process

Eligibility Screening Identification

Included

sites of tooth extraction were variably distributed both in
the mandible and in the maxilla and both in the anterior and
posterior areas (see Table 2 for more details).

This systematic review and meta-analysis failed to draw
strong conclusions mainly due to substantial heterogeneity
among the 12 included studies, similar to results reported by
a previous study on this topic [25].

Risk of bias analysis

Five studies were associated with a low risk of bias [8, 12,
16, 17, 21], and 7 were associated with a moderate risk [11,
13, 19, 20, 22-24] (Fig. 2).

Pairwise meta-analysis

The comparison “resorbable membrane vs no membrane”
included three studies [20, 22, 24]. Lim et al. (in groups 2 and
3 of their study) [19] and Perelman et al. [22] placed xeno-
graft in the sockets, while Mandarino et al. [13] and Lekovic
et al. [24] left the sockets unfilled. However, only Lim et al.

Records identified through
database searching
MEDLINE (N=267); Central (N=188);
SCOPUS (N=2050); Embase (N=225)
Total=2730 hits

Records afterduplicates removed
(N=2147)

Records screened
(N =2147)

Full-text articles assessed
foreligibility (N=174)

Studies included in qualitative
synthesis (N =12)

Studiesincluded in NMA
quantitative synthesis
(N=12)(n = 10 fordimension
change and n = 3 for

Records excluded based on title and
abstract (N=1973)

Full-text articles excluded with reason
(n =162)

-No coverage or differences between
bone graft vs spontaneous healing
(n=52)

-Animal study (n=30)

-Different graft type in test/control
(n=37)

-Not a randomized study (n=12)
-Only volumetric or soft tissue change
(n=12)

-Including sites with buccal bone
destruction (n=1)

-Incomplete or unusable data (n=5)
-Only registered protocol (n=4)

-Few patients (n=3)

-Multiple sites/patient/same group
(n=1)

-Orthodontic patients (n=1)

-Same graft category and same
membrane in test and control (n=2)
-PDF not available (n=2)

histomorphometric analysis)

[19] and Lekovic et al. [24] measured dimensional changes,
while Perelman et al. [22] provided histomorphometric
results. The use of a collagen membrane was associated with
significant preservation of both horizontal (p < 0.00001)
(Supplementary Fig. S1A) and vertical (p = 0.03) (Fig. S1B)
dimensions. In both cases, heterogeneity was insignificant.
Figure S2 shows pairwise meta-analysis for histomorphomet-
ric data. The use of collagen membranes resulted in signifi-
cantly higher new bone formation (p = 0.003) compared to
no membrane. No heterogeneity was detected.

Regarding other comparisons between sealing biomateri-
als, crosslinked vs. non-crosslinked collagen membranes were
evaluated by two studies [20, 21]. Both studies used collagenated
deproteinized bovine bone as the grafting material. The meta-
analysis showed a significant advantage for non-crosslinked
over crosslinked collagen membranes for both horizontal (p =
00005) (Fig. S3A) and vertical (p = 0.02) (Fig. S3B) dimen-
sional changes. No heterogeneity was detected.

No other comparison was possible because there were
not at least 2 studies which presented similar comparisons
reporting the same outcome measures.

@ Springer
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Fig.2 Risk of bias graph

Network meta-analysis

Allogeneic membranes were not considered in the NMA
because only one included study used it [12]. Also, the
effect of primary vs secondary healing could not be
assessed, as it was heterogeneously reported, and com-
parisons were unfeasible (Table 3).

Vertical outcomes

Fig. 3A shows the network geometry plot for the overall
vertical dimensional changes. The size of the blue circles

Table 3 Grading of network meta-analysis evidence

is proportional to the sample size for each sealing bioma-
terial. The thickness of the lines connecting two circles is
proportional to the number of studies comparing two treat-
ments. Resorbable non-crosslinked collagen membranes
(CM:NonCross) were the most highly represented cover-
age biomaterial utilized. Fig. 3B shows the effect size and
confidence intervals for each comparison. Values to the left
of the vertical blue line indicate favorable outcomes for the
test group (e.g., in the top group, CM:NonCross, CM:Cross,
and Nonresorb were test groups, and Con was the control
group). Confidence intervals (black horizontal lines) not
crossing the blue line indicate significant differences relative

Direct evidence

Indirect evidence

Network evidence

Odds ratio (95%  Quality ~ Odds ratio (95%  Quality of evi- Odds ratio (95%  Quality of evidence
CI of evi- CI) dence CI)
dence
Horizontal CM V CM:Cross  0.42 (-2.65, 3.49) Low —1.09 (—4.79, Moderate 1.51 (=3.30, 6.33) Moderate
2.61)
Con V Nonresorb- —0.08 (-2.14, Low 1.42 (-2.92,5.78) Moderate —1.51 (—6.33, Moderate
able 1.97) 3.30)
CM:Noncross V. 0.04 (=0.93, 1.01) Low —3.56 (—4.66, High 3.60 (2.13,5.07) High
Auto —2.46)
CM:Cross V Auto  —3.25 (—4.19, High 0.35(=0.77, 1.48) Low —3.60 (-5.07, High
—2.30) —2.13)
CM:Cross V 0.30 (—0.90, 1.51) Low —1.65 (—4.07, Moderate 1.96 (-0.74, 4.66) Moderate
CM:Noncross 0.76)
Nonresorbable V. 0.79 (—1.96, 3.56) Low —0.71 (—4.66, Low 1.51 (=3.30, 6.33) Moderate
CM:Noncross 3.24)
Vertical Con V CM:Cross  0.36 (—2.30, 3.04) Low 0.46 (—2.26,3.19) Low —0.09 (-3.19, Low
3.72)
Con V Nonresorb- —0.70 (—1.93, Low —0.79 (—4.40, Low 0.09 (-3.72,3.91) Low
able 0.53) 2.81)
CM:Cross V 0.46 (—0.75, 1.68) Low 0.37 (=3.24,3.99) Low 0.09 (-3.72,391) Low
CM:Noncross
Nonresorbable V. —0.70 (—2.80, Low —0.60 (—3.79, Low —0.09 (-3.91, Low
CM:Noncross 1.40) 2.57) 3.72)
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Fig.3 A Illustrates the network
geometry plot for vertical
dimensional changes. B Predic-
tive interval and confidence
interval plot for vertical
dimensional changes. C The
surface under the cumula-

tive ranking curves (SUCRA)
that expresses the percentage
of effectiveness/safety each
treatment has compared to an
“ideal” treatment ranked always
first without uncertainty. D
Multidimensional scale ranking
demonstrating the ranking of
the sealing material in vertical
dimensional outcomes based on
dissimilarity

CM Cross,
[ J

Nonresorb

Rank
60 80

40

20

CM Noncross
[}

Comparison €5 (96%Ch (96%Pr0)

096(0.47.5.40) (0023907)

Mo U DN 151020888) 0046422

049(047.137) 003930

Con

0.01 0.1 1 10
A Heterogeneity variance = 58 B

Rank

to the control. For example, in Fig. 3B, the first compari-
son indicates an insignificant advantage of CM:NonCross
over the control group, while in the second comparison, the
control group has an insignificant advantage over CM:Cross
(CM:Cross more likely to perform better in future clinical
studies). Fig. 3C illustrates the SUCRA ranking and sug-
gests CM:Cross ranked higher in performance in vertical
outcomes. Fig. 3D illustrates multidimensional ranking of
the different sealing types based on dissimilarity of the mate-
rial. The IF for vertical dimension outcome was illustrated
in Fig. S4A and Fig. S4B. The ROB between comparisons
was illustrated in Fig. 4C.

Horizontal outcomes

Fig. 4A shows the network geometry plot for overall hori-
zontal dimensional changes. The most frequent comparison
was between CM:NonCross and CM:Cross. Fig. 4B shows
that all comparisons displayed an insignificant difference
between sealing materials, as all confidence intervals over-
lapped with the vertical blue line. Autologous soft tissues
and non-resorbable membranes are more likely to perform
better in future clinical studies. Based on Fig. 4C, it illus-
trates the SUCRA ranking and suggestive of autologous soft
tissue material ranked higher in performance in horizontal
outcome. Fig. 4D illustrates multidimensional ranking which
ranked the sealing material based on the dissimilarity of the
material. The IF for horizontal outcome was illustrated in
Fig. S5A and Fig. S5B and ROB between comparisons was
illustrated in Fig. S5C.

@ Springer

25
Mean Rank

: c h MDS D
Histomorphometric outcomes

Histomorphometric NMA analysis included studies of
Arbab et el., Lim et al., and Engler-Hamm et al. [11, 19,
23]. Network geometry plot for histomorphometric analyses
is illustrated in Fig. SA. There are only three studies and
hence were not able to predict which sealing material would
perform better in future clinical studies. However, we used
forced function in the STATA commands to generate ranks
for the sealing materials. The SUCRA ranking suggests that
CM:Noncross ranked highest in performance (Fig. 5B).
Fig. 5C illustrates the multidimensional scale ranking based
on dissimilarity between two competing treatments. This
gives a picture on the level of dissimilarity in individual
dataset. The ROB between comparisons was illustrated in
Fig. S6.

Discussion

The use of bone graft and coverage biomaterials during ARP
has been shown to result in superior treatment outcomes
compared with unassisted socket healing regarding preserva-
tion of ridge width and height.

The great heterogeneity of the included studies prevented
a balanced comparison among these articles and made it
difficult to consider the contribution of all the confounding
factors towards treatment outcomes.

In this review, the authors included articles in which
comparisons are done between spontaneous healing versus
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Fig.4 A Illustrates the network
geometry plot for horizontal
dimensional changes. B Predic-
tive interval and confidence
interval plot for horizontal
dimensional changes. C The
surface under the cumula-

Auto

CM:Noncross,

@con

089009900
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021003129
019003118

028002439

427027007

€5 (95%Cn (36%Pr1)

00354237,
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0016326)

0026184

©00.1097)
000,100,

0003370

tive ranking curves (SUCRA)
that expresses the percentage
of effectiveness/safety each
treatment has compared to an
“ideal” treatment ranked always
first without uncertainty. D
Multidimensional scale ranking
demonstrating the ranking of
the sealing material in horizon-
tal dimensional outcomes based
on dissimilarity

CM Cross

100

Auto
°

SUCRA (%)
60 80

40

20

Nonresorb

052,

319) 0033220

136(0.15.1189) (00235.44)
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°

Nonresorb,
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Rank
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oy s

CMCross,
°

Mean Score

Fig.5 A Illustrates the network
geometry plot for histomorpho-
metric changes. B The surface
under the cumulative ranking
curves (SUCRA) that expresses
the percentage of effectiveness/
safety each treatment has com-
pared to an “ideal” treatment
ranked always first without
uncertainty. C Multidimensional
scale ranking demonstrating the
ranking of the sealing material
in histomorphometric outcomes
based on dissimilarity

CM:Cross,
°

.
Nonresorb

Rank

@CM Noncross

“Mps

CM:Noncross
°

g oM ross

o

o °
eCon n

Con
°

25 35
MeanRank

°
CM:Noncross

Nonresorb

spontaneous healing associated to the use of a membrane
[Mandarino e Lekovic]: the reader may speculate that the
shrinkage of horizontal bone could be because of the lack
of bone graft material and not because of the sealing mate-
rial. The authors are convinced that this comparison is inter-
esting because in comparing no material with or without a

MDS ’
Cc

membrane, the difference between the two groups will be due
to the membrane/soft tissue and not to the bone graft itself.
The standard pairwise meta-analysis comparing the same
two coverage biomaterials could only aggregate the data
from two studies per outcome. For the comparison between
resorbable membranes and the control group, all the forest

@ Springer
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plots found a statistically significant difference in favor of
the groups using resorbable membranes, with no statistically
significant heterogeneity. In the studies evaluating dimen-
sional changes, the test and control groups were filled with
the same graft material (collagenated deproteinized bovine
bone matrix in the study by Lim et al. [19] and no grafting
material in the study by Lekovic et al. [24]), suggesting that
any observed differences were likely due to the choice of
coverage biomaterial.

For the comparison between crosslinked and non-
crosslinked collagen membranes, both plots found a statis-
tically significant difference in favor of the latter membrane
type. It is well-known that the crosslinked membranes, even
if with a better resistance to degradation, are less biocom-
patible than non-crosslinked ones [26, 27]. Moreover, the
crosslinked membranes performed statistically significantly
better if non-exposed [26]. For this reason, it might be spec-
ulated that, mostly in thin gingival phenotypes, the lower
biocompatibility and the possible consequent exposure of
the membrane could play a role in the lower clinical perfor-
mance of the crosslinked membranes.

In order to compare results obtained with different cov-
erage biomaterials, a NMA employing direct and indirect
comparisons was performed. The network geometry plot
for the overall vertical changes showed a moderate level of
reliability (yellow line) for the comparison between non-
crosslinked resorbable membranes and the control group. In
contrast, a lower level of reliability was found for the com-
parison between non-resorbable membranes and the control.

The same plot was used to compare the overall horizon-
tal changes. In this case, a high level of reliability (green
line) was found for the comparison between crosslinked
and non-crosslinked resorbable membranes and, to a lesser
extent, between non-crosslinked resorbable membranes and
autogenous soft tissue grafts. A moderate level of reliability
(yellow line) was found for the comparison between non-
crosslinked resorbable membranes and the control group.
The width of the green and yellow lines in this latter plot
was related to a high degree of homogeneity among included
studies and a minor risk of bias. Reliability depends not only
on the amount of evidence (number of studies and number of
patients) but also on the heterogeneity within study results
and the variability between different studies (e.g., size of the
standard deviations).

In terms of the predictive interval plot for the socket
preservation network, differences between horizontal and
vertical changes were found. None of the comparisons
showed a statistically significant difference. For hori-
zontal changes, the autogenous group was associated
with superior outcomes compared to crosslinked and
non-crosslinked resorbable membranes, although this
comparison was not statistically significant. Regarding
vertical changes, crosslinked membranes showed poorer

@ Springer

results both in terms of the number of studies and the
clinical outcome. The sealing biomaterial which had the
highest probability of preserving the horizontal dimen-
sion was the autogenous group, followed by non-resorb-
able membranes. These results must be taken cautiously
as they were derived from a limited number of articles
with a low sample size. Obviously, more studies with
larger numbers of patients are necessary to confirm these
findings.

From a histological point of view, only 5 studies were
included [11, 12, 19, 22, 23]; the others did not present a
histologic analysis. However, it must be highlighted that
a substantial inconsistency was found in the 5 selected
studies. In fact, only Hassan et al. [12] made a compari-
son between test (amnion-chorion membrane (ACM)) and
control groups (d-PTFE) in terms of percentage of newly
formed bone.

Specifically, the use of an amnion-chorion membrane
seemed to provide a better quality of newly formed bone,
with a greater amount of new osteoid formation (8.31%
vs 3.5%) and a lower number of graft particles (6.76%
vs 12.31%) compared to the control group treated with
an d-PTFE membrane. This might suggest that amnion-
chorion membrane produced a relatively more rapid bone
turnover rate. Other authors presented only mean values
without a real comparison between different groups. For
this reason, the network plot demonstrated inconsist-
ency among studies which prevented further statistical
analysis.

The main limitations of the present review are the small
number of studies included and a relatively high hetero-
geneity among studies, in terms of treatment approaches,
materials used, follow-up duration, and outcome assess-
ment. Therefore, the findings of the present NMA must be
interpreted cautiously.

Conclusion

According to the results of the network meta-analysis,
only some trends regarding the use of different sealing
materials can be found: no specific sealing techniques and/
or biomaterials can be recommended over another in the
context of ARP due to a lack of sufficient data. Only some
trends can be highlighted, as shown in the results. The lim-
ited number of studies comparing ARP with and without
biomaterials to seal the socket suggests that the application
of a membrane is associated with superior results in terms
of preservation of alveolar ridge dimensions. The RCTs
studying this topic with larger sample sizes are needed in
order to better elucidate the effects of different coverage
biomaterials on ARP treatment outcomes.
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