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ABSTRACT
Background: Xenogenic collagen matrices (XCMs) are gaining popularity for soft tissue augmentation in dental implants; yet,

gaps exist in our understanding of their comparative effectiveness.

Objective: This systematic review and meta‐analysis focuses on studies that utilize soft tissue augmentation techniques for

dental implants to improve keratinized mucosa width (KMW), soft tissue thickness (STT), and soft tissue volume (STV). We

compared porcine collagen matrices with autogenous grafts when no bone grafts were utilized.

Materials and Methods: We searched databases such as PubMed, Scopus, and the Cochrane Central Register of Controlled

Trials for randomized controlled trials and controlled clinical trials published between January 2013 and July 2023 that assessed

the efficacy of XCM in peri‐implant soft tissue augmentation. The primary outcome included KMW changes while the

secondary outcome was STT/STV changes. Statistical analyses were conducted using a random‐ or fixed‐effects model, and

heterogeneity was assessed using I2 statistics.

Results: Nine studies were included in the qualitative analysis, and six were included in the meta‐analysis. No significant

intergroup differences were observed (p> 0.05), but a significant difference was observed in favor of KMW ≥ 2mm.

Heterogeneity among the studies varied at the 6‐ and 12‐month follow‐ups, with I2 values of 78% and 0%, respectively. The

pooled mean difference between the XCM and autograft groups was −0.96 (−1.71 to −0.21), which shows that there was a larger

increase in KMW in the autograft group compared with the XCM group (p< 0.05).

Conclusions: Collagen matrices are less effective than autogenous grafts at increasing keratinized tissue and STT/STV, but the

two techniques yield comparable aesthetic outcomes. Additional studies are necessary to better guide clinical practice and

improve patient outcomes.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
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1 | Introduction

Dental implants have revolutionized restorative dentistry, offering a
stable and aesthetically pleasing solution to edentulism. Following
tooth extraction, alveolar bone resorption becomes pronounced,
especially in the aesthetic zone, often leading to adverse patient
experiences (Cardaropoli, Araújo, and Lindhe 2003; Araújo and
Lindhe 2005; Chen and Buser 2009). Research indicates that post‐
extraction bone remodeling can reduce alveolar ridge width by up
to 50% within a year (Schropp et al. 2003). Concurrently, post‐
extraction soft tissue alterations can significantly influence implant‐
supported prostheses' aesthetic and functional outcomes (Chappuis
et al. 2015; Chappuis, Araújo, and Buser 2017). Beyond osseointe-
gration of the implant into the alveolar bone, harmonious
integration with surrounding soft tissues is equally paramount.

Maintaining sufficient soft tissue volume (STV) and contour is
crucial for minor buccal dehiscences around dental implants.
Adequate soft tissue thickness (STT) is vital in preventing
crestal bone loss, sealing the implant area to prevent bacterial
ingress into the gingival sulcus, and achieving a desirable
aesthetic appearance (Abou‐Arraj et al. 2020; De Angelis
et al. 2021; Thoma et al. 2021). Studies have established that a
minimum of 2mm width of keratinized mucosa surrounding
implants is requisite to minimize patient discomfort during
brushing, reduce peri‐implant tissue inflammation, and regu-
late plaque accumulation (Gharpure et al. 2021; Kabir, Stiesch,
and Grischke 2021; Shimomoto et al. 2021). When the
keratinized mucosa width (KMW) is less than 2mm, as
concurred in the Consensus Report by Group 1 of the DGI/
SEPA/Osteology Workshop, soft tissue augmentation is defini-
tively recommended, particularly in cases of peri‐implant
inflammation, pain, or brushing challenges (Giannobile, Jung,
and Schwarz 2018).

Soft tissue augmentation, aimed at improving tissue quantity
and quality around dental implants, plays a significant role in
implant‐supported prostheses' aesthetic and functional success
(Fickl et al. 2021). Connective tissue grafts (CTGs) are
recognized as a practical solution and are often hailed as the
gold standard (Puzio et al. 2020; Vallecillo et al. 2021). However,
CTGs are associated with disadvantages, including intra‐ and
postoperative hemorrhage, potential damage to the palatine
artery, graft necrosis, limited graft availability, and heightened
patient discomfort (Dadlani 2021; Ripoll et al. 2021; Schinini
et al. 2021). These challenges have propelled the search for
alternative solutions, such as collagen matrices. While various
materials have been employed, xenogeneic collagen matrices
(XCMs) have emerged as a prominent choice due to their
availability, volume stability over time, biocompatibility, ease of
use, and promising clinical outcomes (Patil and Masters 2020).
Though collagen matrices have demonstrated efficacy in
increasing keratinized mucosa around implants, as substanti-
ated by several randomized clinical trials (RCTs) (Lorenzo
et al. 2012; Cairo et al. 2017; Qiu et al. 2023), there is a paucity
of evidence supporting their superiority over CTGs in amplify-
ing STT or STV (Lorenzo et al. 2012; Schmitt et al. 2021;
Hammerle et al. 2023).

While XCMs are increasingly adopted for soft tissue augmenta-
tion around dental implants, a comprehensive understanding of

their differential efficacies remains limited. Preliminary investi-
gations suggest variations in clinical outcomes, patient satisfac-
tion, and potential complications among different xenogeneic
matrices (De Angelis et al. 2021; Fickl et al. 2021). This
systematic review and meta‐analysis aim to meticulously
examine the existing evidence, explicitly focusing on studies
employing soft tissue augmentation techniques to enhance peri‐
implant KMW, STT, and STV. Other alternatives, such as
allogenic matrices, have raised ethical concerns; hence, special
emphasis is laid on using porcine collagen matrices, a modality
gaining momentum in contemporary peri‐implant surgical
procedures.

2 | Methodology

The research question guiding this systematic review was
articulated as follows: “In patients requiring soft tissue
augmentation around dental implants, to what extent are
XCMs efficacious in enhancing the KMW, STT, and STV in
comparison to autogenous grafts in the absence of bone grafts?”

2.1 | Protocol and Registration

The formulation of the research problem, articulation of the
focused question, and delineation of the inclusion and exclusion
criteria emerged after an initial review of extant literature. After
that, a formal protocol was meticulously developed and
registered with the International Prospective Register of
Systematic Reviews (PROSPERO) before the systematic review
process (CRD42023455643).

2.2 | Eligibility Criteria

The PICO (Population, Intervention, Comparisons, Outcomes)
model was employed to formulate the focus question precisely.
The question was structured thus: In patients necessitating soft
tissue augmentation in proximity to dental implants (P), to
what extent are XCMs (I) efficacious in augmenting the width
of keratinized mucosa and the STV (O), in comparison to
autogenous grafts, in the absence of bone graft utilization (C)?

The eligibility criteria for the studies to be included are
categorized as follows: (1) Clinical investigations conducted
on human subjects, specifically RCTs and controlled clinical
trials (CCTs); (2) studies featuring a follow‐up period exceeding
6 months; (3) studies comprising more than 10 individual cases;
(4) prospective cohort studies; and (5) investigations evaluating
the impact of XCMs on either the enhancement of KMW or the
amplification of STV or STT around dental implants, relative to
other autogenous grafts, in settings where bone grafts are not
employed. Publications appearing in the peer‐reviewed litera-
ture between 2013 and 2023 were selected.

Conversely, studies meeting the following criteria were
systematically excluded: case reports, studies on animal
subjects, in vitro investigations, literature reviews, editorials,
consensus papers, articles using bone grafts, allografts, XCMs
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not from porcine origin, and articles not published in the
English language

2.3 | Information Sources and Search Strategies

This systematic review was conducted and reported following the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta‐Analyses) guidelines (Liberati et al. 2009). Studies that
conformed to the PICO criteria, as mentioned earlier, and were
published between 2013 and 2023 were deemed eligible for
inclusion. A comprehensive search was executed across major
academic databases, including but not limited to PubMed, Scopus,
and the Cochrane Central Register of Controlled Trials to identify
studies that satisfy the eligibility criteria.

The search strategy was predicated upon three key concepts
related to the research question: XCM, soft tissue augmentation,
and dental implants. Utilizing a combination of MeSH (Medical
Subject Headings) terms, keywords, and accessible terms
related to these concepts, the literature was systematically
searched to identify pertinent publications from 2013 to 2023.
To enhance the database search, we also used other methods
like checking the references in relevant studies and manually
searching to find additional publications that might be missed
by the database.

2.4 | Study Selection

In the initial phase, articles were systematically identified through a
database search, utilizing keywords related to the research
question's primary concepts. After this, reviewers S.D. and B.J.
scrutinized the articles' titles and abstracts, making preliminary
selections based on the predetermined inclusion and exclusion
criteria. Consequently, duplicate articles were removed from the
data set using reference management software, EndNote X9
(Thomson Reuters, Philadelphia, PA, USA).

After that, the full texts of the remaining articles were
downloaded and examined by the reviewers S.D. and B.J.
When disagreements arose concerning the eligibility of specific
articles, a third reviewer, S.A., was brought in to help resolve
the issue through discussion. This collaborative process led to a
final agreement on which articles to include or exclude.

2.5 | Data Extraction and Data Items

Before the formal study selection, a pilot phase was executed to
refine the inclusion criteria and validate the inter‐rater reliability,
thereby ensuring that multiple reviewers could apply the criteria
with a consistent interpretative framework. After selecting eligible
studies, data were systematically extracted and organized into
tabular forms using Microsoft Excel spreadsheets.

Two reviewers, S.D. and B.J., conducted independent data
extraction, focusing on the following variables: author(s),
publication year, country of origin, study design and type, time
of register, sample size, specific treatments administered,

duration of follow‐up, and baseline and terminal measurements
of KMW, STT, and STV, as well as the study's primary
conclusions. This process followed the same collaborative
approach used in the study selection phase. Both reviewers
independently verified the data to reduce errors or biases. When
disagreements arose, they were resolved through discussions
with a third reviewer, S.A.

2.6 | Risk of Bias in Individual Studies

Various critical appraisal tools were used depending on the
study design to evaluate the risk of bias in individual studies.
The Cochrane Collaboration's risk of bias tool (Higgins
et al. 2011) was utilized for randomized trials. This tool
systematically assesses multiple dimensions of bias, including
but not limited to selection bias (via random sequence
generation and allocation concealment), performance bias
(through blinding of participants and personnel), detection bias
(via blinding of outcome assessment), attrition bias (through
analysis of incomplete outcome data), reporting bias (via
examination of selective reporting), and a composite measure
of the overall risk of bias.

The ROBINS‐I (Risk Of Bias In Non‐randomized Studies‐of
Interventions) tool (Sterne et al. 2016) was implemented for
nonrandomized studies. This tool provides a robust framework
for evaluating multiple bias components, including bias due to
confounding, bias in the selection of participants into the study,
bias in the classification of interventions, bias attributable to
deviations from intended interventions, bias due to missing
data, bias in the measurement of outcomes, bias in the selection
of the reported result, and a culminating evaluation of the
overall risk of bias.

2.7 | Meta‐Analysis

In synthesizing the data for meta‐analytic evaluation, outcome
variables were extracted from individual studies and subsequently
processed using REVMAN software. The mean differences were
calculated for continuous outcomes, accompanied by a 95%
confidence interval (CI), to provide a succinct summary of each
study's results. The meta‐analysis employed two analytical para-
digms: the fixed‐effects model and the random‐effects model. The
selection between these models was dictated by the degree of
statistical heterogeneity among the studies.

Conversely, a fixed‐effects meta‐analysis was executed when the
statistical heterogeneity was minimal, as indicated by an I2

value of less than 60% and a p value of less than 0.05. Given the
limited number of studies incorporated into the meta‐analysis
(fewer than 10), standard publication bias diagnostics such as
funnel plots and Egger tests were considered inappropriate and,
therefore, were not conducted. Statistical significance was
established at a p value threshold of less than 0.05. Lastly, a
sensitivity analysis was carried out, purposefully omitting
studies with low methodological quality or unclear biases. This
step was undertaken to scrutinize the robustness of the final
effect estimates.
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3 | Results

3.1 | Study Selection

One thousand three hundred and eighty‐seven studies were
identified by searching various databases. Forty‐seven studies
were identified after duplicate removal, and 12 were removed
during screening for title and abstract. The remaining
35 studies were subjected to full‐text reading and assessed
for eligibility. Finally, nine studies were included in the
review. Out of these, six studies were included in the meta‐
analysis. Three studies were not included as some data were
unavailable (Figure 1).

3.2 | Study Characteristics

For each included study, the following characteristics were
extracted: author, year, country of origin, study design,
treatment groups, sample size of each treatment group,
follow‐up duration, baseline and final values of KMW and
STT/STV, and key findings of the study (Table 1).

3.2.1 | Study Design

There were eight randomized controlled trials (RCTs) and one
CCT. Sample sizes in these studies ranged from 14 (Schmitt
et al. 2021) to 60 (Cairo et al. 2017; Cosyn et al. 2022). The
follow‐up duration varied from 6 months (Cairo et al. 2017;
Huang et al. 2021; Schmitt et al. 2021; Qui et al. 2023;
Ramanauskaite et al. 2023) to 5 years (Thoma et al. 2023). While
most studies described the soft tissue augmentation outcome in
terms of KMW and STT, two studies (Schmitt et al. 2021; Cosyn
et al. 2022) mentioned the outcome measures in terms of STVs.

3.2.2 | Effect of Collagen Matrix on Soft Tissue
Augmentation

The included studies demonstrated varying results regarding
soft tissue augmentation between collagen matrix and auto-
grafts (SCTG and FGG). In a 5‐year follow‐up study by Thoma
et al. (2023), XCM and SCTG showed similar results in soft
tissue augmentation. Similarly, Cairo et al. (2017) demonstrated
comparable amounts of keratinized tissue width with XCM and

FIGURE 1 | PRISMA flowchart for the review.
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CTG when evaluated after 6 months. XCM, when combined
with an apically positioned flap (APF), resulted in similar
amounts of KMW augmentation compared to FGG plus APF
but with higher shrinkage (Qiu et al. 2023).

On the other hand, some studies showed better results with
autografts (control group). FGG with (Solonko et al. 2022) and
without APF (Huang et al. 2021; Ramanauskaite et al. 2023)
resulted in a wider keratinized tissue band than CM with or
without APF. A few studies found a greater increase in STT at
implant sites with CTG (Cosyn et al. 2022) and FGG (Huang
et al. 2021) than with CMX. Some studies showed no difference
between the two groups. Minimal changes in the peri‐implant
tissue contour, as well as in STT, were found by Thoma et al.
(2020), which slightly increased in both groups (Thoma
et al. 2020). Both maintained peri‐implant health and had
similar aesthetic outcomes (Huang et al. 2021).

3.2.3 | Aesthetics

Improved aesthetics were reported with both XCM and SCTG
and clinically negligible contour changes at 5 years after loading
(Thoma et al. 2023). Better aesthetic outcomes were reported
with XCM plus APF than with FGG plus APF (Qui et al. 2023).
However, CMX could result in considerable resorption (Cosyn
et al. 2022).

3.2.4 | Need for Analgesics

CM reduced the need for analgesics significantly
(Ramanauskaite et al. 2023). Similar results were found even
when CM was combined with APF (Solonko et al. 2022).

3.2.5 | Surgical Time

While Solonko et al. (2022) found similar surgical times,
another study (Huang et al. 2021) found XCM reduced
operation time.

3.3 | Risk of Bias Across Studies

The risk of bias in individual RCTs using the Cochrane
Collaboration tool (Higgins et al. 2011) and ROBINS‐I for
assessing the risk of bias in nonrandomized studies of
interventions (Sterne et al. 2016) are presented in Tables 2a
and 2b. Among the RCTs, seven studies had a low risk of bias,
while one showed a high risk. The nonrandomized trial
(Schmitt et al. 2021) showed a moderate risk of bias.

3.4 | Meta‐Analysis

Nine studies evaluated the mean differences in KMW and STT/
STV, and six of these entered the meta‐analysis. These six
studies (Cairo et al. 2017; Thoma et al. 2020; Huang et al. 2021;
Solonko et al. 2022; Qiu et al. 2023; Ramanauskaite et al. 2023)T
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reported KMW and STT. The other studies reported STVs
(Schmitt et al. 2021; Cosyn et al. 2022) but could not be included
in the meta‐analysis since sufficient data were unavailable for
Cosyn et al. (2022) at 6 months and Schmitt et al. (2021) at 12
months in terms of STV. Other studies (Thoma et al. 2020;
Cosyn et al. 2022) were not included as we have included its
5‐year follow‐up study (Thoma et al. 2023).

Among the studies included in the meta‐analysis, the I2

value was high (82%), implying increased heterogeneity
across studies; hence, a random‐effects model was chosen
(Figure 2). The pooled mean difference was −0.96 (−1.71 to
−0.21) between XCM and autograft groups, showing an
increased KMW in the autograft group compared to
XCM (p < 0.05).

A sensitivity analysis was conducted by excluding the article
with a high risk of bias (Ramanauskaite et al. 2023), resulting in
decreased heterogeneity across studies (I2 = 51%). Hence, a

random‐effects model was chosen (Figure 3). The pooled mean
difference was −0.61 (−1.11 to −0.10) between XCM and
autograft groups, implying an increased KMW in the autograft
group compared to XCM (p< 0.05).

When STT at the 6‐month follow‐up was assessed for all five
studies (Figure 4), the I2 value was low (0%). This meant less
heterogeneity across studies; hence, a fixed‐effects model was
chosen. The pooled mean difference was −0.35 (−0.51 to −0.19)
between XCM and autograft groups, implying increased STT in
the autograft group compared to XCM (p< 0.05).

When the KMW of all studies included were assessed at the
12‐month follow‐up (Figure 5), the I2 value was low (0%),
implying less heterogeneity across studies; hence, a fixed‐effects
model was chosen. The pooled mean difference was −1.16
(−1.78 to −0.54) between XCM and autograft groups, showing
an increased KMW in the autograft group compared to
XCM (p< 0.05).

TABLE 2a | Risk of bias of included in randomized trials using Cochrane Collaboration's tool (Higgins et al. 2011).

Selection bias
Perform-
ance bias

Detection
bias

Attrition
bias Reporting bias

Risk
of bias

Author
(year)

Random
sequence
generation

Allocation
conceal-
ment

Blinding of
partici-
pants,

personnel

Blinding of
outcome
assess-
ment

Incomplete
outcome
data

Selective
report-
ing

Other
bias

Summary
assess-
ment

Thoma et al.
(2023)

+ + ? + + + + Low

Qiu et al.
(2023)

+ + + + + + + Low

Ramanauskaite
et al. (2023)

? + ? ? + + + High

Solonko et al.
(2022)

+ + + + + + + Low

Cosyn et al.
(2022)

+ + + + + + + Low

Huang et al.
(2021)

+ + ? + + + + Low

Thoma et al.
(2020)

+ + + + + + + Low

Cairo et al.
(2017)

+ + ? + + + + Low

TABLE 2b | ROBINS‐I for assessing risk of bias in nonrandomized studies of interventions (Sterne et al. 2016).

Author
(year)

Bias due
to

con-
founding

Bias in the
selection of

partici-
pants for
the study

Bias in the
classifica-
tion of

interven-
tions

Bias due to
deviations

from
intended

interventions

Bias
due to
missing
data

Bias in the
measure-
ment of
outcomes

Bias in the
selection of

the
reported
result

Overall
risk

Schmitt
et al.
(2021)

+ ? + + + ? + Moderate
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4 | Discussion

The objective of the present systematic review and meta‐
analysis, framed in alignment with the PICO question,
addresses the efficacy of XCMs in improving two specific
variables: KMW and STV, including STT. This review compares

XCM (Mucograft) with other collagen matrices and only looks
at cases without bone grafts. Nine studies met the inclusion
criteria and were considered for the review. However, only six
studies were suitable for the meta‐analysis because three were
excluded due to differences in measurement units. The
excluded studies, namely those by Schmitt et al. (2021) and

FIGURE 2 | XCM versus autograft for KMW (keratinized mucosa width) at 6‐month follow‐up. The green square represents individual studies

effects. The black line represents confidence interval. The diamond represents the overall effect.

FIGURE 3 | Sensitivity analysis: XCM versus autograft for KMW (keratinized mucosa width) at 6‐month follow‐up. The green square represents

individual studies effects. The black line represents confidence interval. The diamond represents the overall effect.

FIGURE 4 | XCM versus autograft for STT (soft tissue thickness) at 6‐month follow‐up. The green square represents individual studies effects.

The black line represents confidence interval. The diamond represents the overall effect.

FIGURE 5 | XCM versus autograft for KMW at 12‐month follow‐up. The green square represents individual studies effects. The black line

represents confidence interval. The diamond represents the overall effect.
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Cosyn et al. (2022), using different measurement units employ-
ing cubic millimeters (mm3) to represent STV. This differed
from the measurement units used in the other studies included
in the meta‐analysis, making it challenging to combine the data
for a unified statistical analysis. Specifically, Thoma et al. (2020)
and Cosyn et al. (2022) lacked available measurements for
inclusion in the meta‐analysis. Concurrently, Schmitt et al.
(2021) presented no data regarding STV at the 12‐month
measurement point.

In the scientific endeavor to elucidate the comparative efficacy
of XCM and autogenous grafts in soft tissue augmentation
around dental implants, the present systematic review adopts a
nuanced approach. This study stands out by only focusing on
studies that do not use bone grafts. While this limits the amount
of data available, it improves the depth and specificity of the
analysis of soft tissue outcomes. So far, no other reviews have
focused on this area, making this study the first of its kind in
this academic field.

The meta‐analysis reveals a discernible pattern: autogenous
grafts manifest superior efficacy in KMW and STV, including
STT when contrasted with XCM. This corroborative evidence
aligns with previous meta‐analyses that have postulated similar
outcomes. Noteworthy examples include studies by Thoma
et al. (2014), Moraschini et al. (2020), and Valles et al. (2022),
which have mainly highlighted the increased STV associated
with autogenous grafts vis‐à‐vis XCMs. However, the literature
on KMW demonstrates more significant heterogeneity in
results. For instance, a recent systematic review by Montero
et al. (2022) demonstrated that autogenous grafts, specifically
free gingival grafts, are substantially more efficacious in
augmenting KMW than their soft tissue substitute counterparts.
Conversely, a RCT published by Cairo et al. (2017) contends for
parity between XCM and CTGs regarding final keratinized
tissue amounts after 6 months. The idea of similarity is
supported by a study by Qiu et al. (2023), even though an
apically positioned flap was used in both treatment methods.

Including recent studies by Huang et al. (2021) and
Ramanauskaite et al. (2023) further enriches the discourse on
the relative efficacies of autogenous grafts and XCM in soft
tissue augmentation around dental implants. Both of these
studies emphasize the superiority of autogenous grafts, specifi-
cally free gingival grafts, over XCM in augmenting KMW.
Interestingly, these findings contrast with the study by Cairo
et al. (2017), where CTGs, rather than free gingival grafts, were
used, resulting in similar KMW outcomes compared to XCM.
This suggests that the type of autogenous graft used signifi-
cantly influences the outcomes, a point that future research
should explore.

Regarding STT, most of the reviewed literature, including
studies by Cairo et al. (2017), Qiu et al. (2023), Cosyn et al.
(2022), and Huang et al. (2021), corroborates the superior
performance of autogenous grafts, particularly at the 6‐ and
12‐month follow‐up periods. However, the study by Thoma
et al. (2020) with a 3‐year follow‐up challenges this narrative.
According to this study, soft tissue grafts and a specific type of
XCM resulted in a comparable increase in STT. A subsequent
2‐year follow‐up by Thoma et al. (2023) further supports this

finding. Thus, while autogenous grafts may exhibit superior
outcomes in the short term, XCMs may offer comparable results
in the long term for specific metrics, such as STT. Systematic
reviews by Gargallo‐Albiol et al. (2019) and Cairo et al. (2019)
also note the superior efficacy of CTG over XCM in STT, albeit
with marginal differences ranging from 0.19 to 0.30mm.
Though these differences might appear minor, they could be
clinically significant and worth considering in treatment
planning and outcome evaluations.

The data from Schmitt et al. (2021) that compared CTGs with
porcine acellular dermal matrix (PADM), specifically muco-
derm, found CTG more effective in both STT and STV increase
after 6 months. This corroborates the general trend in the
literature favoring autogenous grafts, particularly CTG. Simi-
larly, the Cosyn et al. (2022) study reaffirmed the superiority of
CTG over the XCM in improving STT, strengthening the case
for CTG being the “gold standard.” Interestingly, the review
revealed that the choice of material for soft tissue substitutes
varies considerably across studies, from bilayered collagen
matrices to volume‐stable collagen matrix (VCMX) and PADM.
This diversity in choices echoes previous literature; while
bilayered collagen matrices have been a common choice (Sanz
et al. 2009; Lorenzo et al. 2012), other types of materials like
PADM have started to appear in more recent studies
(Zafiropoulos et al. 2016; Papi and Pompa 2018; Schmitt
et al. 2021). The study by Happe et al. (2022) is intriguing as
it brings in the dimension of bone grafting in combination with
soft tissue augmentation. The similar outcomes in terms of
horizontal change for both the CTG and PADM groups suggest
that, when combined with bone grafts, the type of soft tissue
augmentation material might not drastically affect the outcome,
at least in ridge dimensions.

Our review highlights an exciting trend in dental research—the
advent of newer, cross‐linked collagen matrices like VCMX
(Fibrogide), designed for better volume maintenance. Recent
multicenter studies like that of Hammerle et al. (2023) exhibit
encouraging data, showing comparable buccal volume gains to
the established SCTG, even if STT favored the latter. These hold
promise for XCM's efficacy and add a new layer of complexity to
the existing literature.

Equally exciting is the evolving dialogue around aesthetic
outcomes. While earlier studies had already shown the promise
of matrices like PADM in aesthetics, newer research by Qiu
et al. (2023) and Manfredini et al. (2023) indicates superior
aesthetic outcomes with bilayered collagen matrices. These
findings are compelling because they demonstrate long‐term
stability in aesthetic results, a crucial factor often under-
estimated in previous studies. Long‐term observational studies
like those by Thoma et al. (2023) and Happe et al. (2022) offer
valuable insights into the sustainability of both aesthetic and
functional outcomes. Such long‐term data, though limited, can
serve as robust evidence for clinicians when making treatment
choices.

While the advancements in collagen matrices are promising,
graft shrinkage remains a universal challenge, affecting both
SCTGs and collagen matrices. Studies like Cosyn et al. (2022)
and Eeckhout et al. (2020) quantify this phenomenon, providing
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essential data for clinical decision‐making. It is noteworthy that
Ramanauskaite et al. (2023) showed comparable shrinkage rates
between FGG and Mucograft from 3 to 6 months, a finding that
requires further exploration. Data from Fischer et al. (2019)
adds an intriguing layer to the tissue shrinkage discourse by
illustrating that volume loss may stabilize after an initial period,
suggesting that volume maintenance could be time‐dependent.
These insights necessitate more longitudinal studies to under-
stand tissue shrinkage and regeneration dynamics better.

5 | Limitations and Strengths of This Review

A noteworthy limitation of this review is the predominance of
studies that focus on XCM (mucograft) as the collagen matrix of
choice, leaving other promising matrices like PADM and VCMX
underrepresented. In our review, only one study (Schmitt et al. 2021)
utilized PADMand three (Thoma et al. 2020, 2023; Cosyn et al. 2022)
employed VCMX, making it difficult to compare the efficacy of
these different matrices comprehensively. However, emerging
literature suggests a shift toward including a broader range of
collagen matrices, especially cross‐linked types, as evidenced by
recent studies (Cosyn et al. 2022; Hammerle et al. 2023).

Another constraint is the focus of many included studies on
immediate implants, often incorporating bone grafts to fill the
extraction socket, particularly the vestibular gap. This trend
narrows the available pool of studies that deal solely with soft
tissue augmentation, thus limiting our ability to directly
measure the effectiveness of these procedures in line with the
objective of this review. The inclusion of short‐term follow‐up
studies further complicates this. Only two studies by Thoma
et al. (2020, 2023) offered long‐term data, making the evaluation
of graft stability more challenging. It should also be noted that
two studies lacking 6‐ and 12‐month data were excluded from
the meta‐analysis, contributing to increased heterogeneity and
reducing the number of available studies for evaluating efficacy.

Additionally, varying methodologies across studies, such as
conventional endodontic files versus digital casts and CBCT,
introduce a more significant margin of error in data collection
(Ashurko et al. 2023). Despite these limitations, this review has
several strengths. The data extraction and screening process was
rigorous, enhancing the systematic review and meta‐analysis
quality. Unlike previous reviews that combined studies of soft
tissue augmentation with bone grafting, this review focused
exclusively on soft tissue outcomes. Most of the included studies
were randomized CCTs, with only one being a CCT, thus
significantly reducing the risk of bias. Moreover, the review is
timely, capturing several high‐impact RCTs published in the last 2
years that explore collagen matrices beyond mucograft, thus adding
a newer dimension to the existing body of literature (Cosyn
et al. 2021, 2022; Happe et al. 2022; Hammerle et al. 2023).

6 | Recommendations for Future Studies

Future research should prioritize longer follow‐up periods to
gauge the long‐term stability of grafts, a vital consideration for
patient satisfaction and treatment efficacy. Additionally, the

growing body of literature around new collagen matrices like
VCMX suggests more RCTs incorporating a broader range of
collagen matrices, thus providing a more robust data set.
Another vital research avenue is the design of studies that
exclusively focuses on soft tissue augmentation, avoiding the
inclusion of bone grafts, which can confound measurement
outcomes. Instrumentation for measuring STV could also
benefit from technological advancements. The traditional
endodontic file has limitations in accuracy; hence, newer
methods involving digital workflows, intraoral scanners, and
CBCT should be utilized for greater data integrity. Furthermore,
future studies should aim for greater standardization to control
confounding variables such as smoking status, gingival pheno-
type, implant type, and surgical methodology. Standardizing the
timing of graft placement could also bring more uniformity to
the results.

7 | Conclusions

Collagen matrices, compared to autogenous grafts, were less
effective in increasing both keratinized tissue and STV,
including thickness. Despite this, no significant differences
were noted in aesthetic outcomes between the two types of
grafts. There is a pressing need for more elaborate randomized
controlled trials with extended follow‐ups and larger sample
sizes to make more nuanced comparisons between different
collagen matrices. Moreover, additional studies focusing solely
on soft tissue augmentation around implants, particularly in the
absence of bone grafts, are essential for a more comprehensive
understanding of the topic. This review aims to elucidate the
current landscape of using collagen matrices for soft tissue
augmentation in dental implants, highlighting strengths and
areas that require further investigation to inform clinical
practice better and improve patient outcomes.

Author Contributions

Study concept and design: S.D. and B.J. Analysis and interpretation of
data: S.A., S.D., and B.J. Drafting of the manuscript: S.A., S.D., and B.J.
Critical revision of the article: S.A. Approval of the article: S.A.
Statistical analysis: B.J. Data collection: B.J. and S.D. Data analysis: B.J.
and S.D.

Ethics Statement

The protocol is registered in the International Prospective Register of
Systematic Reviews (PROSPERO) with ID No. CRD42023455643.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data sets used and/or analyzed during the current study and the
data that support the findings of this study are available from the
corresponding author upon reasonable request.

11 of 13

 20574347, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cre2.937 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [20/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



References

Abou‐Arraj, R. V., A. Pizzini, P. Nasseh, and H. S. Basma. 2020. “Soft
Tissue Grafting Around Implants: Why, When, and How?” Current Oral
Health Reports 7: 381–396.

Araújo, M. G., and J. Lindhe. 2005. “Dimensional Ridge Alterations
Following Tooth Extraction. An Experimental Study in the Dog.”
Journal of Clinical Periodontology 32: 212–218.

Ashurko, I., S. Tarasenko, M. Magdalyanova, et al. 2023. “Comparative
Analysis of Xenogeneic Collagen Matrix and Autogenous Subepithelial
Connective Tissue Graft to Increase Soft Tissue Volume Around Dental
Implants: A Systematic Review and Meta‐Analysis.” BMC Oral Health
23: 741.

Cairo, F., L. Barbato, F. Selvaggi, M. G. Baielli, A. Piattelli, and
L. Chambrone. 2019. “Surgical Procedures for Soft Tissue Augmenta-
tion at Implant Sites. A Systematic Review and Meta‐Analysis of
Randomized Controlled Trials.” Clinical Implant Dentistry and Related
Research 21: 1262–1270.

Cairo, F., L. Barbato, P. Tonelli, G. Batalocco, G. Pagavino, and M. Nieri.
2017. “Xenogeneic Collagen Matrix Versus Connective Tissue Graft for
Buccal Soft Tissue Augmentation at Implant Site. A Randomized,
Controlled Clinical Trial.” Journal of Clinical Periodontology 44:
769–776.

Cardaropoli, G., M. Araújo, and J. Lindhe. 2003. “Dynamics of Bone
Tissue Formation in Tooth Extraction Sites. An Experimental Study in
Dogs.” Journal of Clinical Periodontology 30: 809–818.

Chappuis, V., M. G. Araújo, and D. Buser. 2017. “Clinical Relevance of
Dimensional Bone and Soft Tissue Alterations Post‐Extraction in
Esthetic Sites.” Periodontology 2000 73: 73–83.

Chappuis, V., O. Engel, K. Shahim, M. Reyes, C. Katsaros, and
D. Buser. 2015. “Soft Tissue Alterations in Esthetic Postextraction
Sites: A 3‐Dimensional Analysis.” Journal of Dental Research 94:
187S–193S.

Chen, S. T., and D. Buser. 2009. “Clinical and Esthetic Outcomes of
Implants Placed in Postextraction Sites.” Supplement, The International
Journal of Oral & Maxillofacial Implants 24, Suppl.: 186–217.

Cosyn, J., C. Eeckhout, V. Christiaens, et al. 2021. “A Multi‐Centre
Randomized Controlled Trial Comparing Connective Tissue Graft With
Collagen Matrix to Increase Soft Tissue Thickness at the Buccal Aspect
of Single Implants: 3‐Month Results.” Journal of Clinical Periodontology
48: 1502–1515.

Cosyn, J., C. Eeckhout, T. De Bruyckere, et al. 2022. “A Multi‐Centre
Randomized Controlled Trial Comparing Connective Tissue Graft With
Collagen Matrix to Increase Soft Tissue Thickness at the Buccal Aspect
of Single Implants: 1‐Year Results.” Journal of Clinical Periodontology
49: 911–921.

Dadlani, S. 2021. “Porcine Acellular Dermal Matrix: An Alternative to
Connective Tissue Graft—A Narrative Review.” International Journal of
Dentistry 2021: 1–7.

De Angelis, P., P. F. Manicone, E. Rella, et al. 2021. “The Effect of Soft
Tissue Augmentation on the Clinical and Radiographical Outcomes
Following Immediate Implant Placement and Provisionalization: a
Systematic Review and Meta‐Analysis.” International Journal of
Implant Dentistry 7: 86.

Eeckhout, C., E. Bouckaert, D. Verleyen, T. De Bruyckere, and J. Cosyn.
2020. “A 3‐Year Prospective Study on a Porcine‐Derived Acellular
Collagen Matrix to Re‐Establish Convexity at the Buccal Aspect of
Single Implants in the Molar Area: A Volumetric Analysis.” Journal of
Clinical Medicine 9: 1568.

Fickl, S., A. Therese Kröger, T. Dietrich, and M. Kebschull. 2021.
“Influence of Soft Tissue Augmentation Procedures Around Dental
Implants on Marginal Bone Level Changes—A Systematic Review.”
Supplement, Clinical Oral Implants Research 32, no. S21: 108–137.

Fischer, K. R., T. Testori, H. Wachtel, S. Mühlemann, A. Happe, and
M. Del Fabbro. 2019. “Soft Tissue Augmentation Applying a Collage-
nated Porcine Dermal Matrix During Second Stage Surgery: A
Prospective Multicenter Case Series.” Clinical Implant Dentistry and
Related Research 21: 923–930.

Gargallo‐Albiol, J., S. Barootchi, L. Tavelli, and H. L. Wang. 2019.
“Efficacy of Xenogeneic Collagen Matrix to Augment Peri‐Implant Soft
Tissue Thickness Compared With Autogenous Connective Tissue Graft:
A Systematic Review and Meta‐Analysis.” The International Journal of
Oral & Maxillofacial Implants 34: 1059–1069.

Gharpure, A. S., J. M. Latimer, F. E. Aljofi, J. H. Kahng, and
D. M. Daubert. 2021. “Role of Thin Gingival Phenotype and Inadequate
Keratinized Mucosa Width (< 2 mm) as Risk Indicators for Peri‐
Implantitis and Peri‐Implant Mucositis.” Journal of Periodontology 92:
1687–1696.

Giannobile, W. V., R. E. Jung, and F. Schwarz, Groups of the 2nd
Osteology Foundation Consensus M. 2018. “Evidence‐Based Knowledge
on the Aesthetics and Maintenance of Peri‐Implant Soft Tissues:
Osteology Foundation Consensus Report Part 1—Effects of Soft Tissue
Augmentation Procedures on the Maintenance of Peri‐Implant Soft
Tissue Health.” Clinical Oral Implants Research 29, no. S15: 7–10.

Hammerle, C. H. F., K. Jepsen, I. Sailer, et al. 2023. “Efficacy of a
Collagen Matrix for Soft Tissue Augmentation after Implant Placement
Compared to Connective Tissue Grafts: a Multicenter, Noninferiority,
Randomized Controlled Trial.” Clinical Oral Implants Research 34:
999–1013.

Happe, A., L. Debring, A. Schmidt, V. Fehmer, and J. Neugebauer. 2022.
“Immediate Implant Placement in Conjunction With Acellular Dermal
Matrix or Connective Tissue Graft: A Randomized Controlled Clinical
Volumetric Study.” The International Journal of Periodontics &
Restorative Dentistry 42: 381–390.

Higgins, J. P. T., D. G. Altman, P. C. Gotzsche, et al. 2011. “The
Cochrane Collaboration's Tool for Assessing Risk of Bias in Randomised
Trials.” BMJ 343: d5928.

Huang, J. P., J. M. Liu, Y. M. Wu, et al. 2021. “Clinical Evaluation of
Xenogeneic Collagen Matrix Versus Free Gingival Grafts for Kerati-
nized Mucosa Augmentation Around Dental Implants: A Randomized
Controlled Clinical Trial.” Journal of Clinical Periodontology 48:
1293–1301.

Kabir, L., M. Stiesch, and J. Grischke. 2021. “The Effect of Keratinized
Mucosa on the Severity of Peri‐Implant Mucositis Differs Between
Periodontally Healthy Subjects and the General Population: A Cross‐
Sectional Study.” Clinical Oral Investigations 25: 1183–1193.

Liberati, A., D. G. Altman, J. Tetzlaff, et al. 2009. “The PRISMA
Statement for Reporting Systematic Reviews and Meta‐Analyses of
Studies That Evaluate Healthcare Interventions: Explanation and
Elaboration.” BMJ 339: b2700.

Lorenzo, R., V. García, M. Orsini, C. Martin, and M. Sanz. 2012.
“Clinical Efficacy of a Xenogeneic Collagen Matrix in Augmenting
Keratinized Mucosa Around Implants: A Randomized Controlled
Prospective Clinical Trial.” Clinical Oral Implants Research 23: 316–324.

Manfredini, M., P. P. Poli, P. Guerrieri, M. Beretta, and C. Maiorana.
2023. “The Efficacy of a Porcine Collagen Matrix in Keratinized Mucosa
Width Augmentation: A 10‐Year Follow‐Up Clinical Prospective
Study.” International Journal of Implant Dentistry 9: 10.

Montero, E., A. Molina, P. Matesanz, A. Monje, I. Sanz‐Sánchez, and
D. Herrera. 2022. “Efficacy of Soft Tissue Substitutes, in Comparison
With Autogenous Grafts, in Surgical Procedures Aiming to Increase the
Peri‐Implant Keratinized Mucosa: A Systematic Review.” Supplement,
Clinical Oral Implants Research 33, no. S23: 32–46.

Moraschini V., H. B. Guimaraes, I. C. Cavalcante, and
M. D. Calasans‐Maia. 2020. “Clinical Efficacy of Xenogeneic Collagen
Matrix in Augmenting Keratinized Mucosa Round Dental Implants:

12 of 13 Clinical and Experimental Dental Research, 2024

 20574347, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cre2.937 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [20/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



A Systematic Review and Meta‐Analysis.” Clinical Oral Investigations
24, no. 7: 2163–2174.

Papi, P., and G. Pompa. 2018. “The Use of a Novel Porcine Derived
Acellular Dermal Matrix (Mucoderm) in Peri‐Implant Soft Tissue
Augmentation: Preliminary Results of a Prospective Pilot Cohort
Study.” BioMed Research International 2018: 1–9.

Patil, V. A., and K. S. Masters. 2020. “Engineered Collagen Matrices.”
Bioengineering (Basel) 7: 163.

Puzio, M., J. Hadzik, A. Błaszczyszyn, T. Gedrange, and M. Dominiak.
2020. “Soft Tissue Augmentation Around Dental Implants With
Connective Tissue Graft (CTG) and Xenogenic Collagen Matrix
(XCM). 1‐Year Randomized Control Trail.” Annals of Anatomy—
Anatomischer Anzeiger230: 151484.

Qiu, X., X. Li, F. Li, et al. 2023. “Xenogeneic Collagen Matrix Versus
Free Gingival Graft for Augmenting Keratinized Mucosa Around
Posterior Mandibular Implants: A Randomized Clinical Trial.”
Clinical Oral Investigations 27: 1953–1964.

Ramanauskaite, A., K. Obreja, K. M. Müller, et al. 2023. “Three‐
Dimensional Changes of a Porcine Collagen Matrix and Free Gingival
Grafts for Soft Tissue Augmentation to Increase the Width of
Keratinized Tissue Around Dental Implants: A Randomized Controlled
Clinical Study.” International Journal of Implant Dentistry 9: 13.

Ripoll, S., Á. Fernández de velasco‐Tarilonte, B. Bullón, B. Ríos‐
Carrasco, and A. Fernández‐Palacín. 2021. “Complications in the Use of
Deepithelialized Free Gingival Graft vs. Connective Tissue Graft: A
One‐Year Randomized Clinical Trial.” International Journal of
Environmental Research and Public Health 18: 4504.

Sanz, M., R. Lorenzo, J. J. Aranda, C. Martin, and M. Orsini. 2009.
“Clinical Evaluation of a New Collagen Matrix (Mucograft Prototype) to
Enhance the Width of Keratinized Tissue in Patients With Fixed
Prosthetic Restorations: A Randomized Prospective Clinical Trial.”
Journal of Clinical Periodontology 36: 868–876.

Schinini, G., D. Sales, M. V. Gómez, H. J. Romanelli, and
L. Chambrone. 2021. “Healing of Donor Sites of Connective Tissue
Grafts Harvested by the Single Incision Technique: A Randomized
Clinical Trial Evaluating the Use of Collagen Hemostatic Sponge With
or Without Sutures.” Journal of Periodontology 92: 629–636.

Schmitt, C. M., P. Brückbauer, K. A. Schlegel, M. Buchbender,
W. Adler, and R. E. Matta. 2021. “Volumetric Soft Tissue Alterations
in the Early Healing Phase After Peri‐Implant Soft Tissue Contour
Augmentation With a Porcine Collagen Matrix Versus the Autologous
Connective Tissue Graft: A Controlled Clinical Trial.” Journal of
Clinical Periodontology 48: 146–163.

Schropp, L., A. Wenzel, L. Kostopoulos, and T. Karring. 2003. “Bone
Healing and Soft Tissue Contour Changes Following Single‐Tooth
Extraction: A Clinical and Radiographic 12‐Month Prospective Study.”
The International Journal of Periodontics & Restorative Dentistry 23:
313–323.

Shimomoto, T., T. Nakano, A. Shintani, S. Ono, M. Inoue, and
H. Yatani. 2021. “Evaluation of the Effect of Keratinized Mucosa on
Peri‐Implant Tissue Health Using a Multivariate Analysis.” Journal of
Prosthodontic Research 65: 198–201.

Solonko, M., E. Regidor, A. Ortiz‐Vigón, E. Montero, B. Vilchez, and
M. Sanz. 2022. “Efficacy of Keratinized Mucosal Augmentation With a
Collagen Matrix Concomitant to the Surgical Treatment of Peri‐
Implantitis: a Dual‐Center Randomized Clinical Trial.” Clinical Oral
Implants Research 33: 105–119.

Sterne, J. A., M. A. Hernán, B. C. Reeves, et al. 2016. “ROBINS‐I: A Tool
for Assessing Risk of Bias in Non‐Randomised Studies of Interven-
tions.” BMJ 355: i4919.

Thoma, D. S., B., Buranawat, C. H., Hammerle, U., Held, & R. E. Jung,
2014. “Efficacy of Soft Tissue Augmentation Around Dental Implants

and in Partially Edentulous Areas: A Systematic Review.” Journal of
Clinical Periodontology 41, no. Suppl 15: S77–S91.

Thoma, D. S., J. Cosyn, S. Fickl, et al. 2021. “Soft Tissue Management at
Implants: Summary and Consensus Statements of Group 2. The 6th
EAO Consensus Conference 2021.” Supplement, Clinical Oral Implants
Research 32, no. S21: 174–180.

Thoma, D. S., T. J. W. Gasser, C. H. F. Hämmerle, F. J. Strauss, and
R. E. Jung. 2023. “Soft Tissue Augmentation With a Volume‐Stable
Collagen Matrix or an Autogenous Connective Tissue Graft at Implant
Sites: Five‐Year Results of a Randomized Controlled Trial Post Implant
Loading.” Journal of Periodontology 94: 230–243.

Thoma, D. S., T. J. W. Gasser, R. E. Jung, and C. H. F. Hämmerle. 2020.
“Randomized Controlled Clinical Trial Comparing Implant Sites
Augmented With a Volume‐Stable Collagen Matrix or an Autogenous
Connective Tissue Graft: 3‐Year Data After Insertion of Reconstruc-
tions.” Journal of Clinical Periodontology 47: 630–639.

Vallecillo, C., M. Toledano‐Osorio, M. Vallecillo‐Rivas, M. Toledano,
A. Rodriguez‐Archilla, and R. Osorio. 2021. “Collagen Matrix vs.
Autogenous Connective Tissue Graft for Soft Tissue Augmentation: A
Systematic Review and Meta‐Analysis.” Polymers 13: 1810.

Valles, C., J. Vilarrasa, L. Barallat, A. Pascual, and J. Nart, 2022.
“Efficacy of Soft Tissue Augmentation Procedures on Tissue Thickening
Around Dental Implants: A Systematic Review and Meta‐Analysis.”
Clinical Oral Implants Research 33, no. Suppl 23: 72–99.

Zafiropoulos, G. G., G. Deli, O. Hoffmann, and G. John. 2016. “Changes
of the Peri‐Implant Soft Tissue Thickness After Grafting With a
Collagen Matrix.” Journal of Indian Society of Periodontology 20:
441–445.

13 of 13

 20574347, 2024, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cre2.937 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [20/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Efficacy of Xenogeneic Collagen Matrices in Augmenting Peri-Implant Soft Tissue: A Systematic Review and Meta-Analysis
	1 Introduction
	2 Methodology
	2.1 Protocol and Registration
	2.2 Eligibility Criteria
	2.3 Information Sources and Search Strategies
	2.4 Study Selection
	2.5 Data Extraction and Data Items
	2.6 Risk of Bias in Individual Studies
	2.7 Meta-Analysis

	3 Results
	3.1 Study Selection
	3.2 Study Characteristics
	3.2.1 Study Design
	3.2.2 Effect of Collagen Matrix on Soft Tissue Augmentation
	3.2.3 Aesthetics
	3.2.4 Need for Analgesics
	3.2.5 Surgical Time

	3.3 Risk of Bias Across Studies
	3.4 Meta-Analysis

	4 Discussion
	5 Limitations and Strengths of This Review
	6 Recommendations for Future Studies
	7 Conclusions
	Author Contributions
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References




