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Efficacy of amniotic membrane with coronally
advanced flap in the treatment of gingival
recession: an updated systematic review

and meta-analysis
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Abstract

Objectives This systematic review aims to evaluate the efficacy of combining the amniotic membrane (AM) with the
coronally advanced flap (CAF) in the treatment of Miller class | and Il gingival recession (GR).

Methods The protocol of this updated PRISMA-compliant systematic review was registered in PROSPERO
(CRD42023431501). The following treatment outcomes were recorded; recession depth (RD), recession width (RW),
width of keratinized gingiva (WKG), and clinical attachment level (CAL). We searched the following databases:
MEDLINE, Cochrane Library, Google Scholar, EMBASE, Web of Science, and Science Direct.

Results Two independent reviewers screened the selected articles. Twenty-two eligible articles were extracted,
with 689 sites of GR in 481 patients. No statistically significant difference was found in RD, RW, WKG, and CAL
between (AM&CAF) in comparison to control groups. However, the subgroup analysis showed statistically significant
differences in RD between the (AM & CAF) group v/s (CAF) alone (P=0.004). Moreover, the subgroup analysis of

the WKG showed statistically significant differences between (AM & CAF) v/s (CAF&CM) (p=0.04). Additionally, a
statistically significant difference was found in the subgroup analysis of CAL between both (AM & CAF) group v/s
(CAF) alone (p=0.0009).

Conclusion With the limitations of this meta-analysis due to short follow-up periods (6 months), the AM can be
considered a viable treatment option for GR defects with satisfactory treatment outcomes comparable to other
previously investigated treatment modalities.

Clinical significance While AM showed various beneficial properties as an ideal membrane for the coverage of GR,
future studies are required to completely understand the potential application of AM in the treatment of GR.
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Introduction

Gingival recession(GR) is a prevalent dental condi-
tion in which the gingival margin migrates apically to
the cementoenamel junction resulting in root expo-
sure, hypersensitivity, and the unsightly appearance of
the teeth [1]. Moreover, the incidence of GR is approxi-
mately 54% in young adults aged 26-35 years [2]. There
are several causes of GR, including plaque and calculus
accumulation, periodontal diseases, traumatic tooth
brushing, malocclusion, orthodontic treatment, genetic
factors, and anatomical factors. Diagnosis of GR can be
performed through clinical and radiographic examina-
tions. The severity of GR can be assessed through clini-
cal evaluation by measuring the amount of recession, the
thickness of keratinized gingiva, the pocket depth (PD),
and the amount of attachment loss [3, 4].

Treatment of GR receives significant attention from
patients due to aesthetic and functional purposes. It may
indicate a more serious underlying dental problem that
requires treatment to prevent further damage. Several
treatment modalities are available for GR depending on
the underlying cause and the severity of the condition.
Treatment options range from improving oral hygiene to
surgical intervention procedures. The main goals of the
treatment are to cover the exposed root surface, prevent
further damage, and enhance the esthetic appearance of
the gingiva and teeth [5].

Surgical interventions may be necessary for more
severe cases of GR. Different flap techniques have been
utilized with different root surface bio-modifications.
The gold standard treatment of choice is the coronally
advanced flap(CAF) combined with the sub-epithelial
connective tissue graft (SCTG) [6, 7]. Several types of
resorbable and non-resorbable membranes have been
used as a substitute for connective tissue graft(CTG) in
guided tissue regeneration techniques [8]. Resorbable
membranes including collagen, synthetic, and recently
used Amniotic membranes (AMs) are preferred to non-
resorbable ones regarding the elimination of the second
intervention for membrane removal [9].

Recently, the AM has gained popularity in medicine
due to its various applications in eye surgeries, ortho-
pedics, gynecologic surgeries, burns, as well as biologi-
cal dressings for wounds. It was recommended because
of postoperative pain reduction, damaged organ recon-
struction, and tissue adhesion prevention [10].

AM refers to the innermost placental layer that lines
the amniotic cavity. It consists of an epithelial cell layer,
basement membrane, and connective tissue which is
non-vascular. Various adhesion molecules were detected
in the basement membrane including collagen Types III,
IV, and V in addition to laminins and fibronectin [11,
12]. In Addition, various stem cells and growth factors
were extracted from AM. Moreover, the AM can provide
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neovascularization, early physiologic granulation tissue
formation, and reduce the host response due to the pre-
vention of migration of polymorphonuclear cells [13].

Numerous studies have unequivocally demonstrated
that AM can be employed as a viable alternative to CTGs
in the realm of guided tissue regeneration techniques.
This application effectively facilitates the augmentation of
gingival thickness (GT) and the comprehensive coverage
of recessed areas, leading to a substantial enhancement
in aesthetic outcomes. Despite the considerable promise
of AM in GR treatment, there is a pressing need for addi-
tional research to comprehensively assess its long-term
efficacy and safety profile [14-18].

Thus, we conducted the current updated systematic
review and meta-analysis to evaluate the effectiveness of
AM combined with CAF in comparison with different
biomaterials utilized for GR coverage.

Materials and methods

Protocol and registration

The current systematic review was executed following
the guidelines of the Preferred Reporting Items of Sys-
tematic Reviews and Meta-Analysis (PRISMA). It was
duly registered in the PROSPERO database under the
registration number (CRD42023431501). The study pro-
tocol was designed following the Cochrane Handbook for
Systematic Reviews of Interventions [19].

Focused PICOS questions
The following PICOS model was employed for this
review:

P— Patients with localized GR Millers Class I or Class
IL

I— Intervention being evaluated was the CAF surgical
technique used with AM.

C— Comparison was done with CAF surgical tech-
nique alone or in combination with different biomaterials
other than AM.

O— Outcome measures the primary outcome mea-
sures encompassed changes in recession depth (RD),
recession width (RW), width of keratinized gingiva
(WKG), and the percentage of root coverage. Mean-
while, the secondary outcome measures included shifts
in the clinical attachment level (CAL) and probing pocket
depth (PPD).

S— Studies the included studies were restricted to
studies applied to human GR defects that were published
only in the English language.

Search strategy

A thorough electronic database search was conducted,
extending up to July 2023. All studies pertaining to
human gingival recession (GR) that employed amni-
otic membrane (AM) and were published in the English
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language were meticulously curated from the follow-
ing databases: MEDLINE (PubMed), Cochrane Library,
Google Scholar, EMBASE, Web of Science, and Science
Direct.

The electronic search encompassed the following key
terms: (“Amniotic membrane” OR “placental membrane”)
AND (“Gingival recessions” OR “localized gingival reces-
sion” OR “Miller class I and II gingival recession”).

Inclusion criteria
We included systematically healthy individuals in the age
range (18-55 years old) with localized GR defects with-
out interproximal tissue loss (Miller Class I or II).

Our inclusion criteria were designed to select studies
that met specific predefined criteria:

+ Studies published in English.

» Randomized clinical trials (RCTs) and observational
studies.

« Studies evaluating the use of AM with CAF in the
treatment of GR.

« Studies that reported primary and secondary clinical
outcomes of interest.

Exclusion criteria

This systematic review excluded the case series, case
reports, and the studies conducted on systemically com-
promised patients, pregnant, lactating mothers, patients
with a history of periodontal surgery in the last six
months and cases with fenestration and dehiscence.

Article selection process

The initial screening involved two independent review-
ers, R.A and W.S, for the selection of eligible articles.
Subsequently, the full texts of the chosen articles under-
went scrutiny, encompassing the removal of any dupli-
cations, ultimately leading to a consensus-based final
selection by both reviewers. Any discrepancies between
the two reviewers were amicably resolved through open
discussion. Notably, case reports and case series were
intentionally excluded from the ongoing systematic
review. Studies failing to align with the previously speci-
fied inclusion criteria (as depicted in Fig. 1) were also
excluded from the analysis.

The data of included studies was then extracted in
a Microsoft Excel sheet (Tables 1, 2 and 3). Any dis-
agreement between the investigators was resolved by
discussion.

Data extraction

The following data were extracted and recorded in
duplicate by two independent reviewers (R.A and
W.S): authors and year of publication, study design,

Page 3 of 14

randomization, the utilized surgical techniques, reces-
sion type, and location, number of surgical defects, fol-
low-up period, percentage of root Coverage, the age and
gender of the participants, and main authors’ conclusion.

Risk of bias assessment

The risk of bias analysis for the included studies was per-
formed using the Cochrane risk of bias tool (Revman
5.4, Version 5.4.1, Copenhagen, Denmark: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2020.)
[37]. The included studies were assessed based on: Ran-
dom sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome
assessments, incomplete outcome data and selective
reporting. These domains were graded as high, unclear or
low risk based on individual assessments. Figure 2.

In our review, two independent investigators (R.A.
and W.S.) applied the Cochrane Risk of Bias Tool to each
included study. The studies were categorized into the fol-
lowing groups:

The studies were categorized into the following groups:

Low risk of bias: This category was assigned if all crite-
ria were met or if one criterion was unclear or not met.
This implies that the study demonstrated a high level of
methodological rigor and minimized potential sources of
bias.

Moderate risk of bias: Studies were categorized as hav-
ing a moderate risk of bias if two criteria were unclear.
This suggests that some aspects of the study design or
conduct raised concerns about potential bias.

High risk of bias: A high risk of bias classification was
given to studies where more than two criteria were not
met, indicating a significant potential for bias in the
study.

Any discrepancies or disagreements between the two
investigators during the risk of bias assessment were
addressed through discussion to ensure consistency and
reliability in the assessment process.

Statistical analysis

The meta-analysis of the included studies of this sys-
tematic review was conducted by the following soft-
ware program (Revman5.4.1 (Review Manager Version
5.4.1(Revman5.4.1); The Cochrane Collaboration, Copen-
hagen, Denmark). The meta-analysis was conducted on
the mean values of (RD, RW, WKG, and CAL) of the
included studies at 6 months follow-up only. For the anal-
ysis of the continuous data as RD, RW, WKG, and CAL,
the mean difference was measured with corresponding
95% confidence intervals (CI). When the result of the
meta-analysis is of low heterogeneity (p>0.10, I* < 50%),
the fixed-effect model is used for the result comparison.
The random-effect model is employed for comparing the
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Fig. 1 PRISMA flow diagram for updated systematic review which included searches of databases and registers only

result of the meta-analysis when the result heterogeneity
is high (p<0.10, I* > 50%).

The results of the meta-analysis were represented in
the forest plot and the heterogeneity across studies in RD,
RW, WKG, and CAL were correlated through subgroup
analysis.

Results

Search outcomes

The search across the databases yielded a total of 264
potentially relevant articles. Both reviewers, R.A and
W.S, screened 224 articles by reviewing the titles and
abstracts. Out of these, 185 articles were excluded, leav-
ing 39 articles for further investigation.

Both authors thoroughly reviewed the complete publi-
cations, and it was found that 17 of the articles did not
meet the eligibility criteria. Consequently, 22 eligible
articles were chosen. When examining the references in

these 22 eligible articles, it was discovered that 11 pub-
lications had already been included in a previous meta-
analysis [38], while 11 new publications were added to
our selection. In total, we included 22 articles that met
the eligibility criteria. These selected articles were pub-
lished between 2013 and 2023, with the majority of them
being randomized clinical studies. The selection process
is illustrated in Fig. 1.

Primary outcomes the primary outcomes included three
measurements (RD, RW, and WKG) which were repre-
sented in the meta-analysis, and the forest plots figures.

(1)RD: The meta-analysis of the reduction of RD
included sixteen studies using the random effect
model due to the detected heterogeneity found
(I =33%). We detected a statistically significant
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Table 1 Study design of included studies
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Author and Study Design Randomization Surgical technique
Year Test (group I) Control (group II)
[20] Randomized controlled clinical study Performed CAF+AM CAF +PRF
[21] A Clinical Study Performed CAF+AM CAF +Gengigel
[22] Randomized, parallel-mouth controlled study Performed CAF+AM CAF +PRF
[16] Clinical study (split mouth) Performed CAF+AM CAF+CM
[23] Clinical study Performed CAF 4+ AM Demineralized CAF+CM+DFDBA
freeze-dried bone allograft
(DFDBA)
[24] A randomized controlled study. Performed CAF+AM CAF +functionally
(Splitmouth study) graded membrane
(FGM)
[25] Randomized controlled clinical trial (Split mouth) Performed CAF +AM CAF only
[15] Randomized controlled clinical trial (split-mouth) Performed CAF+AM CAF+PRF
[26] Randomized study (Spilt mouth) Performed CAF +AM CAF alone
[14] Randomized controlled study Performed CAF+AM CAF+CTG
271 randomized controlled trial (split mouth) Performed CAF+AM CAF+CM
[28] clinical study (split mouth) Performed CAF +AM CAF only
[29] Clinical study Performed CAF+AM CAF+PRF
[30] Randomized controlled clinical trial. Performed CAF +AM CAF only
(Split=mouth)
[31] randomized clinical trial(split-mouth) Performed CAF+AM CAF+SCTG
[32] Clinical study Performed CAF +AM CAF +PRF
[33] Clinical study (Split mouth) Performed CAF+AM CAF+collagen
membrane
[34] Randomized controlled clinical trial Performed CAF+AM (Microsurgical CAF+AM
technique) (Macro-surgical
technique)
17 Clinical study (split mouth) performed CAF+AM CAF only
[35] clinical study Performed CAF+AM CAF only
[18] Randomized controlled clinical trial Performed CAF+AM CAF+PRF
[36] Clinical study Performed CAF+AM CAF +PRF

PRF, platelet rich fibrin; SCTG, sub-epithelial connective tissue graft; CM, chorion membrane

difference (p =0.004) between the group of CAF &
AM v/s CAF alone.

However, when comparing the (AM&CAF) group to the
groups of CAF alone, platelet-rich fibrin (PRF), SCTG,
Chorion membrane (CM), and Collagen membrane, we
found that there were no significant differences (p=0.29)”
(Fig. 3A).

(2)RW: The random effect model was utilized in the
RW meta-analysis of eight studies with heterogeneity
found (I? = 35%). There was no statistically significant
difference between (AM&CAF) group when
compared to (CAF alone, CM, PRF, and CTG)
groups (p=0.27) (Fig. 3B).

(3) WKG: Eleven studies were included in the meta-
analysis of WKG gain with the use of a random effect
model due to the heterogeneity found (I* =78%).

The subgroup analysis comparing CAF with AM
to CAF with CM revealed a notable increase in the
WKG within the CM group (1.42 +0.51) in contrast

to the AM group (1.00+0.51). This disparity was
statistically significant (p =0.04).

(4) However, the overall comparison results between
(AM&CAF) group, and (CAF alone, CM, PRF,
and CTQG) groups did not show any statistically
significant difference (p=0.31) (Fig. 3C).

Secondary outcomes
One measurement was included in this meta-analysis
(CAL) and represented by the forest plot.

Clinical attachment level (CAL) Thirteen studies were
included with the use of a random effect model due to the
heterogeneity found (I>=37%). The subgroup analysis of
CAF with AM v/s CAF alone showed a statistically signifi-
cant difference (p=0.0009) in favor of the control group
(CAF alone). However, the overall comparison results
between (AM & CAF), and (CAF alone, CM, PRF, SCTG,
and Collagen membrane) groups did not show any statis-
tically significant difference with (p=0.36) (Fig. 3D).
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Additionally, the funnel plots of the included parameters
were expressed with the following conclusion: the funnel
plots did not indicate any asymmetric distribution in all
parameters, which showed no possible publication bias.
All the studies were present inside the triangular area of
the 95% CI region.

Discussion

To the best of our knowledge, this systematic review and
meta-analysis represent the most up-to-date investiga-
tion into the efficacy of Amniotic Membrane (AM) used
in conjunction with Coronally Advanced Flap (CAF)
when compared to the frequently reported treatment
alternatives, namely CAF alone or in combination with
other biomaterials (Platelet-Rich Fibrin (PRF), Collagen
Membrane (CM), Subepithelial Connective Tissue Graft
(SCTG), and collagen membrane). Previous system-
atic reviews have been hindered by a limited number of
included studies [38, 39]. Our aim was to provide a com-
prehensive assessment of primary and secondary clinical
outcomes.

The application of CAF in periodontal surgery has
been associated with restricted tissue regeneration. This
phenomenon is attributed to the development of a long
junctional epithelium, characterized by the invasion of
epithelial cells into the periodontal defect, resulting in
tissue repair rather than true regeneration. To address
this limitation, strategies aligned with the Guided Tis-
sue Regeneration (GTR) principle have been adopted.
These strategies involve integrating CAF with various
biomaterials, including PRF, AM, collagen membrane,
and acellular dermal matrix, all of which serve as barrier
membranes with the goal of enhancing gingival coverage
outcome [40].

Reconstructive surgery to treat periodontal defects
includes numerous mucogingival esthetic surgeries
which improve periodontal health by reconstruction of
both lost hard and soft tissues. For the root coverage pro-
cedures, several techniques have emerged to impede fur-
ther attachment loss and improve the esthetic outcomes.
Recent techniques using AM have been introduced that
permit root coverage with more promising results [41].
Recently, AM showed a good healing ability, exceptional
biocompatibility, and easy availability at an affordable
cost. So, it has been further suited for the treatment of
different periodontal conditions such as furcation defects
[42, 43].

However, the existing literature has not provided suf-
ficient clinical evidence to conclusively determine the
efficacy of AM when combined with CAF in treating GR.
Hence, our systematic review was conducted to com-
pare the effectiveness of AM with CAF in GR treatment
among adult patients. We included twenty-two random-
ized clinical studies in this review, excluding studies with
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incomplete outcome data and inadequate follow-up peri-
ods from the meta-analysis [17, 21, 23, 24, 34, 35]. Conse-
quently, we have compiled the findings of this systematic
review to address clinical outcomes and provide recom-
mendations regarding the utilization of AM with CAF
in the treatment of GR, specifically Miller class I and II
defects, in comparison to other established treatment
modalities.

In our meta-analysis, we investigated the impact of
AM on the reduction of RD after a 6-month interval
from baseline. Sixteen studies were included in this
analysis, revealing no statistically significant difference
between the primary groups (p=0.29). However, upon
closer examination, we observed a significant reduction
in RD in the subgroup that analyzed AM with CAF com-
pared to CAF alone (p=0.004). This effect can poten-
tially be attributed to AM’s regenerative properties,
which encompass growth factors, cytokines, extracellular
matrix components, and bioactive compounds that may
stimulate cell proliferation, migration, and differentiation
[12]. Heterogeneity of RW seems to be linked to the dif-
ferent surgical techniques as the utilization of microsur-
gical protocol, the elevation of partial thickness flap, or
the root surface bio-modification used by the application
of ethylene di amine tetra acetic acid (EDTA) or tetracy-
cline over the root surface [39].

Additionally, WKG and CAL gain were evaluated in
eleven and thirteen studies, respectively, with no statisti-
cally significant differences detected between the overall
groups (WKG: p=0.31; CAL: p=0.36). However, in stud-
ies comparing CAF with AM to CAF with CM, a statisti-
cally significant difference in WKG was found in favor of
CM (p=0.04).

For CAL, a statistically significant difference was found
in the studies where AM was used along with CAF in
comparison to AM alone. The gain in CAL may suggest
a periodontal regeneration as well as a new epithelial
attachment. However, the actual phenomenon behind the
CAL gain is missing due to the lack of histological evi-
dence in the included study of the current analysis [33].

Two studies [14, 31] examined the comparison between
CAF combined with AM versus CAF combined with
SCTG. In the test group (CAF+AM), RD and RW exhib-
ited statistically significant differences in favor of the test
group, indicating superior outcomes. This may be attrib-
uted to the enhanced potential of AM to stimulate creep-
ing attachment. Conversely, in the CAF+SCTG group, a
statistically significant difference was observed in CAL
when compared to the CAF+AM group.

Three studies [25, 28, 30] examined the application of
CAF combined with AM in comparison to CAF alone.
The incorporation of AM into the CAF procedure did
not result in statistically significant improvements across
all measured parameters when compared to using CAF
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Experimental (AM) Cor Mean Difference Mean Difference

Study or Subgroup _Meos— SD Total Mean - SD Totsl Waight IV, Random95% €1 IV, Random, 95% C1

1.1.1 CAF alone
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Irfan 2017 25 084 10 22 078 10 52% 30 0.41,1.01]

Kumar 2020 252 o84 81 22 o1 st 1zs%  032[000.084)
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Test for overall effect: Z = 2.69 (P = 0.004)
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14.3PRF
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Chahat Puri 2023 26 15177 10 18 1517 10 18%  0.80[053.2.13]
Gautam 05 0545 15 187 0513 15 11.1%  0.18[-0.20,056]
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Experimental (AM) Control Mean Difference Mean Difference
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2.1.1 CAF alone
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Testfor overall effect: Z= 0.16 (P = 0.87)
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Fig. 3 Forest plot of (A) RD reduction at 6 months; (B) RW reduction at 6 months; (C) WKG gain at 6 months; (D) CAL gain at 6 months

alone. This lack of improvement could potentially be
attributed to the unfavorable placement of AM between
an avascular surface (the tooth) and the flap, hindering
the achievement of complete root coverage. Additionally,
it's worth noting that AM experiences some degree of
shrinkage over time, leading to the creation of dead space
between the root surface and surrounding tissues, which
could potentially provide an environment for microor-
ganisms and impede the healing process.

It can be concluded that AM shows comparable out-
comes to other treatment modalities including CAF
alone, CM, PRF, CTG, and collagen membrane as the AM
graft is a reliable and viable method in GR treatment pro-
cedures and serves as a good alternative with uneventful
healing and stable outcomes.

Our systematic review was conducted with a rigorous
and up-to-date search strategy that aimed to encompass
the most recent literature available up to our knowledge
cutoff date. We employed an exhaustive search method-
ology, including multiple databases and grey literature
sources, to ensure that we identified all relevant studies.
While we aimed to include a comprehensive set of stud-
ies, we also maintained strict quality standards. Studies
that did not meet our predefined quality criteria were

excluded, ensuring that the included studies met high
methodological standards. The inclusion of a larger num-
ber of studies in our meta-analysis can enhance the sta-
tistical power and precision of our findings, which can be
especially important when investigating treatment effects
in clinical research.

During our extensive database search, we stumbled
upon a recently published meta-analysis [44]. Interest-
ingly, this prior meta-analysis encompassed only eleven
studies spanning from January 1, 2013, to December 31,
2020. However, in our current updated systematic review,
our search extended until July 2023, culminating in the
inclusion of an additional eleven recently published stud-
ies to complement the existing body of research. Conse-
quently, the amalgamation of these studies resulted in a
total of twenty-two published articles that met our strin-
gent inclusion criteria for this review. The incorporation
of these recent studies has significantly enriched our
understanding and provided a comprehensive overview
of all the available insights regarding the use of Amni-
otic Membrane (AM) as a contemporary biomaterial in
conjunction with Coronally Advanced Flap (CAF) for the
treatment of Gingival Recession (GR).
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There are some reported limitations of the cur-
rent meta-analysis, only twenty-two studies have been
included so a larger number of RCTS is required to be
conducted. Additionally, all analyses were done at six
months follow-up so longer follow-up data should be
planned by the researchers for more reliable results.
Moreover, not all studies have reported the surgical
methods utilized and the detailed methods of the ran-
domization selection of their cases which may alter the
outcomes. AM was fabricated by different companies
so this might affect the membrane standardization with
resultant different biological properties which might
affect the outcomes.

In our meta-analysis, we observed a limited number
of eligible studies that met our inclusion criteria. This
scarcity of high-quality studies exploring the specific
intervention may be due to the relatively recent emer-
gence of this treatment approach or the strict inclusion
criteria we applied to ensure methodological rigor. The
meta-analyses with fewer than three studies can be sub-
ject to increased uncertainty. To address this limitation,
we recommend the need for further research in the field
to expand the available evidence base and to guide the
clinicians in determining the most appropriate treatment
when dealing with gingival recession.

Conclusion

With the limitations of this meta-analysis due to short
follow-up periods (6 months), the AM can recently be
considered as a viable treatment option for Miller class
I and II gingival recession defects with good outcomes
comparable to other previously investigated modalities.
Also, further well-designed clinical trials with long-term
follow-up investigating the full potential of AM stem cell
reservoir is still necessary to strengthen the fact that AM
is truly a reservoir for periodontal tissue regeneration
including GR treatment.
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