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ABSTRACT
Objective: The aim of this systematic review (SR) was to evaluate the effects of xenogenic collagen
matrix (XCM) on the outcomes of clinical treatments of patients with Miller class-I or -II gin-
gival recessions.
Materials and methods: Articles that were published before March 2018 were electronically searched
in four databases without any date or language restrictions and manually searched in regular journals
and gray literature. The eligibility criteria comprised randomized controlled trials (RCTs) and prospect-
ive controlled trials with follow-up periods of 6 months or more that compared the performance of
XCM in the treatment of Miller class-I or -II gingival recessions. This SR was registered in PROSPERO
under number CRD42018106118.
Results: Nine RCTs published between 2010 and 2018 were included in this SR. The percentage of
root coverage (RC) was significantly higher (p¼ .0003) when gingival recessions were treated with
XCM when compared to coronally advanced flap (CAF) alone. In addition, the parameters of kerati-
nized mucosa width (KMW) (p¼ .006) and gingival thickness (GT) (p¼ .0003) were also improved when
the XCM was used in comparison to the CAF alone. There was not a statistically significant difference
(p¼ .22) between the clinical attachment level (CAL) achieved with the use of XCM and that achieved
with CAF alone. RC with the use of XCM, when compared to connective tissue grafts (CTGs) (p¼ .09)
and enamel matrix derivative (EMD) (p¼ .62), there was no significant difference; however, XCM
yielded lower RC than CTG in the treatment of Miller class-I or -II gingival recessions.
Conclusions: Based on both the individual studies’ outcomes and the pooled estimates, it can be con-
cluded that the use of XCM improves the RC, KMW and GT in the treatment of gingival recessions
when compared to CAF alone and may be a viable alternative to use of CTG.
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Introduction

The literature presents different treatment approaches to
increase the soft tissue volume in gingival recessions [1]. For
many years, the use of connective tissue graft (CTG) associ-
ated with coronally advanced flap (CAF) was considered the
gold standard for root coverage (RC) in Miller gingival reces-
sions, improving parameters such as clinical attachment level
(CAL), keratinized tissue gain, pocket reduction, and tissue
colour and texture [2–4].

However, in instances where the roots of multiple adja-
cent recessions need to be covered, gingival recessions
around implants, or anatomical limitations at the donor site,
the collection of CTG carries additional burdens for the
patient [5]. The postoperative morbidity associated with soft
tissue harvest from the palate, the difficult-to-control bleed-
ing at some cases, second operating fields, pain, and the lim-
ited availability of donor areas for autogenous CTG collection
justify the application of an adjuvant technique [3,6]. To

overcome the issues associated with autogenous grafting, a
series of techniques and biomaterials of allogenic and xeno-
geneic origin were investigated in clinical studies. These
techniques and materials were found to improve the width
of keratinized tissue [7,8], helping to avoid donor site mor-
bidities, and to have a potential to increase healing rates
when compared to autologous tissues.

Recently, an randomized controlled trial (RCT) proposed
that an xenogenic collagen matrix (XCM) might be as effect-
ive and predictable as a free gingival graft around teeth
recessions, replacing the connective tissue from the palate
[1,4] and increasing the thickness of peri-implant keratinized
tissue [9,10]. This 3D-matrix consists of resorbable pure type
I and type III collagen obtained by a controlled-standardized
manufacturing procedure without chemical treatment [11]. It
has two functional layers, one that is more compact and
allows for suturing and protection, and one that is porous,
which stabilizes the clot, promoting cell ingrowth and accel-
erating soft tissue healing [12].
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So far, the use of the XCM presents favourable outcomes
in tissue integration. Surgery requires less time than a free
gingival graft. The texture and colour of the soft tissue in the
regenerated regions are aesthetically satisfying [11], and the
tissue has sufficient long-term stability [7] to be considered
suitable for the regeneration of the peri-implant kerati-
nized mucosa.

In this context, the aim of this systematic review (SR) was
to evaluate the effects of XCM on the outcomes of clinical
treatments of patients with gingival recession.

Materials and methods

Protocol registration

The protocol of this SR was based primarily on the PRISMA-P
[13], and was registered in PROSPERO under number
CRD42018106118. There was no deviation from the originally
specified protocol. This SR methodology followed the recom-
mendations of the Cochrane Handbook for Systematic
Reviews of Interventions [14]. The PRISMA [15] checklist was
followed in order to increase the quality and transparency of
the study. Clinical questionnaires were separated and organ-
ized using the PICOS strategy [16].

Clinical significance: The use of substitute grafting materi-
als aiming to avoid donor site morbidities, provides comfort,
and improves patient acceptance.

Focused question (based on PICO strategy)

What are the clinical effects of XCM (I) on the treatment of sin-
gle or multiple Miller class I or II gingival recessions (P) when

compared to other techniques for root coverage (C) for the out-
comes: RC, CAL, KMW, probing depth, GT, and participants’ aes-
thetic satisfaction (O)?

Search strategy

An electronic search without date or language restrictions
was performed in PubMed/MEDLINE, Cochrane Library
(CENTRAL), Scopus and Lilacs until August 2018. As well,
searches were performed on the following journals’ websites:
Journal of Periodontology, Journal of Clinical Periodontology,
Journal of Periodontal Research, The International Journal of
Periodontics and Restorative Dentistry, and Clinical Oral
Investigations. A search of the Grey Literature Report [17] and
OpenGrey databases [18] revealed unpublished studies (grey
literature). Finally, the reference lists/bibliographies of all can-
didate full-text articles (cross-referencing) and the
ClinicalTrials.gov database were searched. The search strat-
egy for each database can be followed in Table 1.

Eligibility criteria

The present SR included studies that analysed the effect of
XCM on the outcomes of the clinical treatments of single or
multiple Miller class I or II gingival recessions.

Population: Adults presenting single or multiple Miller
class I or II gingival recessions.

Intervention: Treatment of single or multiple Miller class I
or II gingival recessions through periodontal plastic surgery
involving the use of XCM, with at least 6 months of fol-
low-up.

Table 1. Electronic databases and search strategies.

Databases Keywords

PubMed #1 gingival recession[MeSH Terms] OR gingival recessions[MeSH Terms] OR marginal tissue recession[Title/Abstract] OR
dehiscence-type recession defects[Title/Abstract] OR keratinized gingiva[Title/Abstract] OR keratinized mucosa
width[Title/Abstract] OR gingival thickness[Title/Abstract] OR gingival biotype[Title/Abstract] OR periodontal
biotype[Title/Abstract] OR periodontal attachment loss[MeSH Terms] OR Miller class I[Title/Abstract] OR Miller class
II[Title/Abstract] AND root coverage[Title/Abstract] OR coronally advanced flap[Title/Abstract] OR Coronally advanced
tunnel[Title/Abstract] OR periodontal plastic surgery [Title/Abstract] OR periodontal surgery[Title/Abstract] OR muco-
gingival surgery[Title/Abstract] OR mucogingival[Title/Abstract] OR mucogingival therapy[Title/Abstract] OR xenogeneic
collagen matrix[Title/Abstract] OR collagen matrix[Title/Abstract] OR collagen graft[Title/Abstract] OR porcine collagen
matrix[Title/Abstract] OR Mucograft[Title/Abstract] OR Mucoderm[Title/Abstract]
#1 AND #2

Scopus #1 ‘gingival recession’ OR ‘gingival recessions’ OR ‘marginal tissue recession’ OR ‘dehiscence-type recession defects’ OR
‘keratinized gingiva’ OR ‘keratinized mucosa width’ OR ‘gingival thickness’ OR ‘gingival biotype’ OR ‘periodontal bio-
type’ OR ‘periodontal attachment loss’ OR ‘Miller class I’ OR ‘Miller class II’ #2 ‘root coverage’ OR ‘coronally advanced
flap’ OR ‘Coronally advanced tunnel’ OR ‘periodontal plastic surgery’ OR ‘periodontal surgery’ OR ‘mucogingival sur-
gery’ OR ‘mucogingival’ OR ‘mucogingival therapy’ OR ‘xenogeneic collagen matrix’ OR ‘collagen matrix’ OR ‘collagen
graft’ OR ‘porcine collagen matrix’ OR ‘Mucograft’ OR ‘Mucoderm’
#1 AND #2

Cochrane Library (CENTRAL) #1 gingival recession OR keratinized gingiva OR keratinized mucosa width OR gingival thickness OR gingival biotype OR
Miller class I OR Miller class II #2 root coverage OR coronally advanced flap OR Coronally advanced tunnel OR peri-
odontal plastic surgery OR mucogingival surgery OR xenogeneic collagen matrix OR porcine collagen matrix
#1 AND #2

Lilacs #1 Abstract: ‘gingival recession’ OR ‘keratinized gingiva’ OR ‘keratinized mucosa width’ OR ‘gingival thickness’ OR
‘gingival biotype’ OR ‘Miller class I’ OR ‘Miller class II’ #2 Abstract: ‘root coverage’ OR ‘coronally advanced flap’ OR
‘Coronally advanced tunnel’ OR ‘periodontal plastic surgery’ OR ‘mucogingival surgery’ OR ‘xenogeneic collagen
matrix’ OR ‘collagen matrix’ OR ‘porcine collagen matrix’
#1 AND #2

Grey Literature Report
OpenGrey

#1 gingival recession OR keratinized gingiva OR keratinized mucosa width OR gingival thickness OR gingival biotype OR
Miller class I OR Miller class II #2 root coverage OR coronally advanced flap OR Coronally advanced tunnel OR peri-
odontal plastic surgery OR mucogingival surgery OR xenogeneic collagen matrix OR porcine collagen matrix
#1 AND #2
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Comparison: Periodontal plastic surgery using XCM was
compared to periodontal plastic surgery without biomaterial
or with the use of different biomaterials.

Outcomes: The primary outcome variable was the change
in percentage of RC. The secondary outcome variables were
CAL, keratinized mucosa width (KMW), probing depth (PD),
gingival thickness (GT) and participants’ aesthetic satisfaction.

Study design: RCTs and prospective clinical trials.
The exclusion criteria included animal studies, retrospect-

ive cohort studies, in vitro studies, case series, case reports
and reviews. In addition, studies of participants with decom-
pensated metabolic disorders or active periodontal disease
were excluded.

Screening process

The search and screening process were conducted by two
independent reviewers (V.M. and D.A.), starting with an ana-
lysis of titles and abstracts. Next, full papers were selected
for careful reading and analysed according to eligibility crite-
ria (inclusion/exclusion) to determine their suitability for
future data extraction. Disagreements between the reviewing
authors were resolved through careful discussion. When
necessary, the authors of the included studies were con-
tacted by email for clarification.

Data extraction

Data were extracted by V.M. and D.A., who used a form to
record the following: authors, study design, follow-up, num-
ber of treated recessions, number of participants, number of
smokers, Miller class, site of recessions, surgical technique,
brand of XMC used, mean difference (MD) in RC between
baseline and final follow-up, CAL, KMW, PD and GT.

Assessments of the risk of bias

The assessments of the risks of bias of the clinical studies
that were included were performed independently by two
authors (M. D. C. M. and S.S.), who used the Cochrane
Collaboration’s tool [19]. The analysis of each study was
based on the following six criteria: sequence generation (was
the allocation sequence adequately generated?), allocation
concealment (was the allocation adequately concealed?),
blinding (was the knowledge of the allocated intervention
adequately prevented during the study?), incomplete out-
come data (were the incomplete outcome data adequately
addressed?), selective outcome reporting (were the study
reports free of suggestions of selective outcome reporting?)
and other sources of bias (was the study apparently free of
other problems that could put it at a high risk of bias?). The
studies that met all of the criteria were classified as having a
low risk of bias, while those that did not meet a criterion
were classified as having moderate risk. When two or more
criteria were not met, the studies were considered to have a
high risk of bias.

Statistical analysis

For direct comparisons, only studies that had the same out-
come with heterogeneous methodologies were included in
the pairwise meta-analysis. For continuous outcomes, the
estimation of intervention effects was expressed as MD, with
a confidence interval (CI) of 95%. The inverse variance
method was used for the random effect or fixed effect mod-
els. Heterogeneity was assessed using chi-squared tests, and
possible impact on the meta-analysis was quantified via I2.
Values �25% were deemed less heterogeneous, while values
up to 50% and �70% were classified as moderately and
highly heterogeneous, respectively [20]. When significant het-
erogeneity was found (p< .10), the results of the random
effect model were validated. When less heterogeneity was
found, the fixed effect model was considered. The statistical
significance level was determined to be p< .05.

Data were analysed using the Review Manager statistical
software (version 5.2.8) produced by The Nordic Cochrane
Centre and The Cochrane Collaboration (Copenhagen,
Denmark, 2014).

Results

Literature search

The initial search produced 3396 titles from MEDLINE/
PubMed, 1169 from the Cochrane Library, 1282 from the
Scopus, and 52 from Lilacs, for a total of 5889. After the first
evaluation (title and abstract assessment), 5882 articles were
excluded. Of the 17 potential articles, eight studies [8, 21–27]
were excluded after careful reading because they did not
meet the inclusion criteria. Consequently, nine studies
[4,6,27–33], which were published between 2010 and 2018,
were included in this SR. The reasons for the exclusion of
potential studies and the search and selection processes are
presented in Figure 1.

The k values of agreement between the two authors/
reviewers for potential article inclusion (titles and abstracts)
and for the selected studies were 0.79 and 0.85, respectively,
which indicated excellent agreement [14].

Study characteristics

The characteristics of the included studies are presented in
Table 2. Four studies [4,27,30,33] present a split-mouth
design, while five [6,28,29,31,32] have a parallel design. A
total of 1113 gingival recessions were treated in 482 research
participants. The follow-up periods ranged from 6 [6,30–32]
to 12 [4,27–29,33] months (mean of 9.3 months). The surgical
techniques used for the treatment of recessions were CAF
[4,6,28–33] and coronally advanced tunnel (CAT) [27]. The
control groups used for comparison with the CAFþ XCM
were CAF alone, CAFþCTG, and CAFþ enamel matrix deriva-
tive (EMD).
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Findings based on previous focused questions

Only one study [27] cannot be included in the meta-analysis
because it used a surgical technique (CAT) different from the
other included studies. This study observed a lower rate of
RC in the test group (CATþ XCM) (42%) when compared to
the control group (CATþCTG) (85%), p< .05. Other parame-
ters, such as CAL, KMW, PD and GT, were also significantly
(p< .05) higher in the control group.

Root coverage
The random effects model was used to evaluate the RC due
to the high heterogeneity level of the subgroups (p< .0001;
I2¼ 79%). RC with the use of XCM differs significantly
(p¼ .003) from that achieved with CAF alone, with an MD of
7.12 (95% CI: 2.35–11.8). However, when compared to CTG
(p¼ .09) and EMD (p¼ .62), there was no significant differ-
ence, with an MD of –6.95 (95% CI: –14.9 to 1.07) and 2.80
(95% CI: –8.30 to 13.9), respectively (Figure 2).

Clinical attachment level
The random effects model was used to evaluate the CAL due
to the high heterogeneity level of the analysed subgroups
(p¼ .010; I2¼ 60%). There was not a statistically significant
difference between the CAL achieved with the use of XCM
and that achieved with CAF alone (p¼ .22), CTG (p¼ .19) and
EMD (p¼ .95), with an MD of 0.17 (95% CI: –0.10 to 0.45),
–0.32 (95% CI: –0.78 to 0.15) and –0.02 (95% CI: –0.61 to
0.57), respectively (Figure 3).

Keratinized mucosa width
The fixed effect model was used to evaluate KMW because of
the lack of heterogeneity among the studies (p¼ .74; I2¼ 0%).
Only the comparison between XCM and CAF showed a statis-
tically significant difference in favour of XCM (p¼ .006), with
an MD of 0.32 (95% CI: 0.09–0.55). The comparison of XCM

and CTG (p¼ .51) and EMD (p¼ .95) showed no significant dif-
ference, with MDs of 0.07 (95% CI: –0.14 to 0.27) and –0.02
(95% CI: –0.61 to 0.57), respectively (Figure 4).

Probing Depth. The fixed effect model was used in the PD
analysis because of the lack of heterogeneity among the
studies (p¼ .48; I2¼ 0%). The PD parameter showed no dif-
ference in the comparison between XCM and CAF (p¼ .25),
CTG (p¼ .66), and EMD (p¼ 1.00). The MD for the compari-
son of XCM vs. CAF was –0.06 (95% CI: –0.16 to 0.04), XCM
vs. CTG: 0.02 (95% CI: –0.07 to 0.11), and XCM vs. EMD: 0.00
(95% CI: –0.43 to 0.43) (Figure 5).

Gingival thickness
The random effect model was used for the GT analysis
because of the high heterogeneity of the analysed sub-
groups (p< .00001; I2¼ 90%). GT was considerably higher
with XCM than CAF (p¼ .003), with an MD of 0.38 (95% CI:
0.13–0.63). On the other hand, there was no significant dif-
ference between XCM vs. CTG (p¼ .18) and XCM vs. EMD
(p¼ .07), which had MDs of –0.23.95 (95% CI: –0.57 to 0.11)
and 0.18 (95% CI: –0.02 to 0.38), respectively (Figure 6).

Participants’ aesthetic satisfaction
Four studies [27,30–32] analysed participants’ aesthetic satis-
faction through the visual analogue scale (VAS). One study
[27] performed a comparison between CATþXCM vs.
CATþCTG, and the other three [30–32] performed compari-
sons between CAFþ XCM vs. CAF alone. The meta-analysis
can only be conducted for the three studies [30–32] that per-
formed the same surgical technique (CAF). The fixed effect
model was used because of the homogeneity of the studies
(p¼ .94; I2¼ 0%). There was not a considerable difference
(p¼ .10) in the participants’ aesthetic satisfaction with the
techniques, with an MD of 0.19 (95% CI: –0.04 to 0.42)
(Figure 7).

Figure 1. Flow diagram (PRISMA format) of the screening and selection process.
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Assessments of the risk of bias

All studies included all the items in the risk of bias tool
developed by Cochrane. Thus, all the studies included in this
SR present a low risk of bias (Table 3).

Discussion

Summary of evidence

Only studies evaluating the treatment of gingival recessions
were included in this SR. After a comprehensive search that
electronic databases, regular journals and the grey literature,

nine RCTs were selected. In order to avoid publication bias,
there were no restrictions on language or publication date.
Only studies with at least 6 months of follow-up were
selected for this review. This period was previously reported
as sufficient for tissue stability after periodontal plastic sur-
gery [34].

Only RCTs were included in this SR. This is because bias is
more likely to exist in nonrandomized studies than in RCTs
[35]. In addition, all studies included scored all the require-
ments of the bias risk analysis tool used. Four of the
included studies [4,27–29] did not report adherence to the
CONSORT-statement [36]. Adherence to these guidelines is

Figure 2. Forest plot for the root coverage parameter.

Figure 3. Forest plot for the clinical attachment level parameter.
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important because it helps to increase the quality and trans-
parency of health studies [37].

In this SR, the effects of CAFþXCM were compared with
the effects of three different techniques (CAF alone,
CAFþCTG, and CAFþ EMD) on the treatment of gingival
recession. Only one study [27] used the CAT technique asso-
ciated with the use of XCM for the treatment of gingival
recessions. Due to this, it cannot be analysed through meta-
analysis. The authors concluded that the use of XCM may
represent an alternative to CTG by reducing surgical time

and patient morbidity. Notably, however, XCM yielded lower
RC than CTG in the treatment of Miller Class I and II gingival
recessions. Evidence from some previous studies demon-
strates that the CAT technique has some advantages over
CAF, such as less surgical trauma [38,39], which leads to
lower levels of postoperative discomfort [38,39]; improved
complete RC [39]; and improved aesthetics [39]. However, a
recent SR noted that the CAF technique appears to be asso-
ciated with a higher percentage of RC than the CAT tech-
nique when using the same grafts [40].

Figure 4. Forest plot for the keratinized mucosa width parameter.

Figure 5. Forest plot for the Probing Depth parameter.
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The results of this SR indicate that the addition of XCM to
CAF provides benefits in terms of RC (p¼ .003), KMW
(p¼ .006) and GT (p¼ .003) outcomes when compared to the
use of CAF alone (mean of follow-up time of 9.3 months).

The evidence demonstrates that CTG presents the best
results for the RC of single or multiple Miller class I or II gin-
gival recessions [41]. In the present study, although the CTG
showed superior outcomes for RC (p¼ .09), CAL (p¼ .44) and
GT (p¼ .18) parameters, when compared to XCM, this

difference was not statistically significant. The results of the
present study may therefore encourage the use of XCM for
the treatment of Miller class I or II gingival recessions when
the use of CTG is not possible (e.g. treatment of multiple
recessions, anatomical deficiencies, patient decision). In add-
ition, alternative biomaterials may present potential advan-
tages in relation to autologous tissue. These potential
advantages include: (1) lack of need for a donor area; (2) no
risk of transmission of human diseases; (3) shorter surgical

Figure 6. Forest plot for the gingival thickness parameter.

Figure 7. Forest plot for the Participants’ aesthetic satisfaction parameter.

Table 3. Risk of bias of included studies.

Authors (year)

Adequate
sequence
generation

Allocation
concealment Blinding

Incomplete
outcome

data addressed
Selective

outcome reporting
Free of other
sources of bias

Estimated potential
risk of bias

Aroca et al., 2013 [27] Yes Yes Yes Yes Yes Yes Low
Cardaropoli. et al.

2012 [28]
Yes Yes Yes Yes Yes Yes Low

Cardarapoli et al.,
2014 [29]

Yes Yes Yes Yes Yes Yes Low

Jepsen et al., 2013 [30] Yes Yes Yes Yes Yes Yes Low
McGuire et al.,

2010 [4]
Yes Yes Yes Yes Yes Yes Low

Moreira et al.,
2016 [31]

Yes Yes Yes Yes Yes Yes Low

Sangiorgio et al.,
2017 [32]

Yes Yes Yes Yes Yes Yes Low

Stefanini et al.,
2016 [33]

Yes Yes Yes Yes Yes Yes Low

Tonetti et al., 2018 [6] Yes Yes Yes Yes Yes Yes Low
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times; (4) shorter time to recovery; (5) no size limits on surgi-
cal sites; and (6) better patient perception compared to
CTG [6].

One study [32] analysed the influence of EMD associated
with CAFþXCM when compared to CAFþ XCM. The EMD
association improved the KMW outcome, but the difference
was not statistically significant (p¼ .95). The rationale for
using EMD in RC procedures, in addition to its clinical charac-
teristics, is the possibility to regenerate the lost periodontal
tissues, as demonstrated in several studies [42–44].

Patients’ aesthetic perceptions were only analysed in four
studies [27,30–32]. The study by Aroca et al. [27] was not
included in the meta-analysis because it performed a surgical
technique different from the other studies. Although the par-
ticipants reported better aesthetic results with XCM than
CTG, this difference was not significant. The meta-analysis
indicates that although XCM also performed better than CAF
alone, this difference was not statistically significant.
Aesthetic perception is a subjective factor among patients,
which makes the standardization of the analysis difficult [45].
Factors such as colour and gingival contour may often be
judged more important than RC [46].

Strengths and limitations related to this SR

The present SR has several strengths, including the develop-
ment and prior registration of a protocol, an unrestricted
search process (including grey literature), and duplicate
review procedures for the discovery and assessment of bias
risk. In addition, the included studies presented low risk of
bias in the analysis conducted, which increases the power of
this SR. However, there are some limitations.

No included study provided information about the techni-
ques and period of removal of sutures performed. The avail-
able data demonstrate that surgical outcomes might be
influenced by the different conditions affecting a suturing
protocol (i.e. the needle’s characteristics, bite size, suture
position and location of knots tied) [47]. Also, early suture
removal (<10 days) can negatively influence RC outcomes in
single-tooth defects treated by a CAF procedure [48]. Thus, it
is strongly recommended that studies investigating RC tech-
niques provide their suture protocols. One study [6] included
smoking participants. Despite the controversy in the litera-
ture regarding the influence of smoking on periodontal sur-
gery, some studies showed negative results related to the
interaction of smoking and periodontal plastic surgery
[49,50]. Tobacco smoking affects the oral environment and
ecology, vascularization of the gingival tissues, immune and
inflammatory responses and the healing potential of the
periodontal connective tissues [51].

As there are relatively few relevant studies available, any
comparison between XCM and CTG should be done cau-
tiously. Although the meta-analysis did not show a statistic-
ally significant difference between the analysed parameters,
CTG remains the most predictable graft for the treatment of
RC [41,47,48].

Implications for clinical practice

Although CTG is currently considered the gold standard for
the treatment of gingival recessions, new biomaterials have
been researched as alternative treatments in complex cases.
Data from this SR show that XCM can be used with alterna-
tive biomaterial in association with surgical techniques such
as CAF and CAT for the treatment of Miller class I or II reces-
sions when CTG cannot be used.

Recommendations for further research

A higher number of RCTs comparing the performance of
XCM versus CTG for the treatment of isolated or multiple
gingival recessions is critical in the future. Researchers are
encouraged to control study bias (e.g. suturing protocol, flap
design, inclusion of smokers, follow-up period, and number
of participants) and standardize participants’ outcomes (e.g.
evaluation of pain and aesthetic satisfaction).

Conclusions

Based on both the individual studies’ outcomes and the
pooled estimates, it can be concluded that the use of XCM
improves the RC, KTW and GT in the treatment of gingival
recessions when compared to CAF alone. The use of XCM
may be a viable alternative to CTG for the treatment of
Miller class-I or -II gingival recessions. The use of XCM does
not seem to increase the aesthetic satisfaction of patients
when compared to CAF alone.
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�a Pesquisa do Estado do Rio de Janeiro-FAPERJ (grant number 202619/
17 and 202620/17).

ORCID

Vittorio Moraschini http://orcid.org/0000-0001-5739-394X
Monica Diuana Calasans-Maia https://orcid.org/0000-0001-5759-7926

References

[1] McGuire MK, Scheyer ET. Randomized, controlled clinical trial to
evaluate a xenogeneic collagen matrix as an alternative to free
gingival grafting for oral soft tissue augmentation. J Periodontol.
2014;85:1333–1341.

[2] Griffin TJ, Cheung WS, Zavras AI, et al. Postoperative complica-
tions following gingival augmentation procedures. J Periodontol.
2006;77:2070–2079.

[3] Wessel JR, Tatakis DM. Patient outcomes following subepithelial
connective tissue graft and free gingival graft procedures. J
Periodontol. 2008;79:425–430.

ACTA ODONTOLOGICA SCANDINAVICA 465



[4] McGuire MK, Scheyer ET. Xenogeneic collagen matrix with coro-
nally advanced flap compared to connective tissue with coronally
advanced flap for the treatment of dehiscence-type recession
defects. J Periodontol. 2010;81:1108–1117.

[5] Lorenzo R, Garc�ıa V, Orsini M, et al. Clinical efficacy of a xenogen-
eic collagen matrix in augmenting keratinized mucosa around
implants: a randomized controlled prospective clinical trial. Clin
Oral Impl Res. 2012;23:316–324.

[6] Tonetti MS, Cortellini P, Pellegrini G, et al. Xenogenic collagen
matrix or autologous connective tissue graft as adjunct to coro-
nally advanced flaps for coverage of multiple adjacent gingival
recession: randomized trial assessing non-inferiority in root cover-
age and superiority in oral health-related quality of life. J Clin
Periodontol. 2018;45:78–88.

[7] Schmitt CM, Moest T, Lutz R, et al. Long-term outcomes after ves-
tibuloplasty with a porcine collagen matrix (Mucograft RVR ) versus
the free gingival graft: a comparative prospective clinical trial.
Clin Oral Implants Res. 2015;27:125–133.

[8] Thoma DS, Alshihri A, Fontolliet A, et al. Clinical and histologic
evaluation of different approaches to gain keratinized tissue prior
to implant placement in fully edentulous patients. Clin Oral
Invest. 2018;22:2111–2119.

[9] Schallhorn RA, McClain PK, Charles A, et al. Evaluation of a por-
cine collagen matrix used to augment keratinized tissue and
increase soft tissue thickness around existing dental implants. Int
J Periodont Restor Dent. 2015;35:99–103.

[10] Froum SJ, Khouly I, Tarnow DP, et al. The use of a xenogeneic
collagen matrix at the time of implant placement to increase the
volume of buccal soft tissue. Int J Periodont Restor Dent. 2015;
35:179–189.

[11] Schmitt CM, Tudor C, Kiener K, et al. Vestibuloplasty: porcine col-
lagen matrix versus free gingival graft: a clinical and histologic
study. J Periodontol. 2013;84:914–923.

[12] Ghanaati S, Schlee M, Webber MJ, et al. Evaluation of the tissue
reaction to a new bilayered collagen matrix in vivo and its trans-
lation to the clinic. Biomed Mater. 2011;6:015010.

[13] Moher D, Shamseer L, Clarke M, et al. Preferred reporting items
for systematic review and meta-analysis protocols (PRISMA-P)
2015 statement. Syst Rev. 2015;4:1.

[14] Higgins JPT, Green S. Cochrane handbook for systematic reviews
of interventions 5.1.0 [updated March 2011]. The Cochrane
Collaboration; 2011; [cited 2018 Apr 10]. Available from: www.
cochrane-handbook.org

[15] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
Ann Intern Med. 2009;151:264–269.

[16] Schardt C, Adams MB, Owens T, et al. Utilization of the PICO
framework to improve searching PubMed for clinical questions.
BMC Med Inform Decis Mak. 2007;7:16.

[17] Grey Literature Report. The New York Academy of Medicine; 2018
[cited 2018 May 15]. Available from: http://www.greylit.org

[18] Open Grey 2018; [cited 2018 May 15]. Available from: http://
www.opengrey.eu

[19] Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;18:d5928.

[20] Egger M, Smith GD. Principles of and procedures for systematic
reviews. In: Egger M, Smith GD, Altman DG, editors. Systematic
reviews in health care: meta-analysis in context. London (UK):
BMJ Books; 2003. p. 23–42.

[21] Maiorana C, Pivetti L, Signorino F, et al. The efficacy of a porcine
collagen matrix in keratinized tissue augmentation: a 5-year fol-
low-up study. Int J Implant Dent. 2018;10:1.

[22] McGuire MK, Scheyer ET. Long-term results comparing xenogen-
eic collagen matrix and autogenous connective tissue grafts with
coronally advanced flaps for treatment of dehiscence-type reces-
sion defects. J Periodontol. 2016;87:221–227.

[23] Puzio M, Błaszczyszyn A, Hadzik J, et al. Ultrasound assessment of
soft tissue augmentation around implants in the aesthetic zone

using a connective tissue graft and xenogeneic collagen matrix –
1-year randomised follow-up. Ann Anat. 2018;217:129–141.

[24] Sanz M, Lorenzo R, Aranda JJ, et al. 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. J Clin Periodontol. 2009;36:
868–876.

[25] Nevins M, Nevins ML, Kim SW, et al. The use of mucograft colla-
gen matrix to augment the zone of keratinized tissue around
teeth: a pilot study. Int J Periodont Restor Dent. 2011;31:367–373.

[26] Reino DM, Maia LP, Fernandes PG, et al. A randomized compara-
tive study of two techniques to optimize the root coverage using
a porcine collagen matrix. Braz Dent J. 2015;26:445–450.

[27] Aroca S, Moln�ar B, Windisch P, et al. Treatment of multiple adja-
cent Miller class I and II gingival recessions with a Modified
Coronally Advanced Tunnel (MCAT) technique and a collagen
matrix or palatal connective tissue graft: a randomized, controlled
clinical trial. J Clin Periodontol. 2013;40:713–720.

[28] Cardaropoli D, Tamagnone L, Roffredo A, et al. Treatment of gin-
gival recession defects using coronally advanced flap with a por-
cine collagen matrix compared to coronally advanced flap with
connective tissue graft: a randomized controlled clinical trial. J
Periodontol. 2012;83:321–328.

[29] Cardaropoli D, Tamagnone L, Roffredo A, et al. Coronally
advanced flap with and without a xenogenic collagen matrix in
the treatment of multiple recessions: a randomized controlled
clinical study. Int J Periodont Restor Dent. 2014;34:s97–s102.

[30] Jepsen K, Jepsen S, Zucchelli G, et al. Treatment of gingival reces-
sion defects with a coronally advanced flap and a xenogeneic
collagen matrix: a multicenter randomized clinical trial. J Clin
Periodontol. 2013;40:82–89.

[31] Moreira ARO, Santamaria MP, Silv�erio KG, et al. Coronally
advanced flap with or without porcine collagen matrix for root
coverage: a randomized clinical trial. Clin Oral Invest. 2016;20:
2539–2549.

[32] Sangiorgio JPM, Neves FLDS, Rocha Dos Santos M, et al.
Xenogenous collagen matrix and/or enamel matrix derivative for
treatment of localized gingival recessions: a randomized clinical
trial. Part I: clinical outcomes. J Periodontol. 2017;88:1309–1318.

[33] Stefanini M, Jepsen K, de Sanctis M, et al. Patient-reported out-
comes and aesthetic evaluation of root coverage procedures: a
12-month follow-up of a randomized controlled clinical trial. J
Clin Periodontol. 2016;43:1132–1141.

[34] Cheng YF, Chen JW, Lin SJ, et al. Is coronally positioned flap pro-
cedure adjunct with enamel matrix derivative or root condition-
ing a relevant predictor for achieving root coverage? A systemic
review. J Periodont Res. 2007;42:474–485.

[35] Fleming PS, Lynch CD, Pandis N. Randomized controlled trials in
dentistry: common pitfalls and how to avoid them. J Dent. 2014;
42:908–914.

[36] Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement:
updated guidelines for reporting parallel group randomised trials.
BMC Med. 2010;8:18.

[37] Sarkis-Onofre R, Cenci MS, Demarco FF, et al. Use of guidelines to
improve the quality and transparency of reporting oral health
research. J Dent. 2015;43:397–304.

[38] Papageorgakopoulos G, Greenwell H, Hill M, et al. Root coverage
using acellular dermal matrix and comparing a coronally posi-
tioned tunnel to a coronally positioned flap approach. J
Periodontol. 2008;79:1022–1030.

[39] Zucchelli G, Mele M, Mazzotti C, et al. Coronally advanced flap
with and without vertical releasing incisions for the treatment of
multiple gingival recessions: a comparative controlled random-
ized clinical trial. J Periodontol. 2009;80:1083–1094.

[40] Tavelli L, Barootchi S, Nguyen TV, et al. Efficacy of tunnel tech-
nique in the treatment of localized and multiple gingival reces-
sions: a systematic review and a meta-analysis. J Periodontol.
2018;89:1075–1090.

466 V. MORASCHINI ET AL.

http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://www.greylit.org
http://www.opengrey.eu
http://www.opengrey.eu


[41] Tatakis DN, Chambrone L, Allen EP, et al. Periodontal soft tissue
root coverage procedures: a consensus report from the AAP
Regeneration Workshop. J Periodontol. 2015;86:S52–S55.

[42] McGuire MK, Scheyer ET, Schupbach P. A prospective, case-con-
trolled study evaluating the use of enamel matrix derivative on
human buccal recession defects: a human histologic examination.
J Periodontol. 2016;87:645–653.

[43] Sculean A, Windisch P, Szendr€oi-Kiss D, et al. Clinical and histo-
logic evaluation of an enamel matrix derivative combined with a
biphasic calcium phosphate for the treatment of human intrab-
ony periodontal defects. J Periodontol. 2008;79:1991–1999.

[44] Sculean A, Windisch P, Keglevich T, et al. Clinical and histologic
evaluation of an enamel matrix protein derivative combined with
a bioactive glass for the treatment of intrabony periodontal
defects in humans. Int J Periodont Restor Dent. 2005;25:139–147.

[45] Kim SM, Choi YH, Kim YG, et al. Analysis of the esthetic outcome
after root coverage procedures using a comprehensive approach.
J Esthet Restor Dent. 2014;26:107–118.

[46] Zucchelli G, Sharma P, Mounssif I. Esthetics in periodontics and
implantology. Periodontol 2000. 2018;77:7–18.

[47] Chambrone L, Pini Prato GP. Clinical insights about the evolution
of root coverage procedures: the flap, the graft, and the surgery.
J Periodontol. 2019;90:9–15.

[48] Tatakis DN, Chambrone L. The effect of suturing protocols on
coronally advanced flap root-coverage outcomes: a meta-analysis.
J Periodontol. 2016;87:148–155.

[49] Chambrone L, Chambrone D, Pustiglioni FE, et al. The influence
of tobacco smoking on the outcomes achieved by root-coverage
procedures: a systematic review. J Am Dent Assoc. 2009;140:
294–206.

[50] Silva CO, de Lima AF, Sallum AW, et al. Coronally positioned flap
for root coverage in smokers and non-smokers: stability of out-
comes between 6 months and 2 years. J Periodontol. 2007;78:
1702–1707.

[51] Palmer RM, Wilson RF, Hasan AS, et al. Mechanisms of action of
environmental factors: tobacco smoking. J Clin Periodontol. 2005;
32:180–195.

ACTA ODONTOLOGICA SCANDINAVICA 467


	Abstract
	Introduction
	Materials and methods
	Protocol registration
	Focused question (based on PICO strategy)
	Search strategy
	Eligibility criteria
	Screening process
	Data extraction
	Assessments of the risk of bias
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Findings based on previous focused questions
	Root coverage
	Clinical attachment level
	Keratinized mucosa width
	Probing Depth
	Gingival thickness
	Participants aesthetic satisfaction

	Assessments of the risk of bias

	Discussion
	Summary of evidence
	Strengths and limitations related to this SR
	Implications for clinical practice
	Recommendations for further research

	Conclusions
	Disclosure statement
	References


