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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-l or -Il 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 -l 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 (p=.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) (p =.006) and gingival thickness (GT) (p =.0003) were also improved when
the XCM was used in comparison to the CAF alone. There was not a statistically significant difference
(p =.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) (p =.09)
and enamel matrix derivative (EMD) (p=.62), there was no significant difference; however, XCM
yielded lower RC than CTG in the treatment of Miller class-I or -l 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 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

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

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 Il 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 | or Il gingival recessions (P) when

Table 1. Electronic databases and search strategies.

compared to other techniques for root coverage (C) for the out-
comes: RC, CAL, KMW, probing depth, GT, and patrticipants’ 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 | or Il gingival recessions.

Population: Adults presenting single or multiple Miller
class | or Il gingival recessions.

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

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

Scopus

Cochrane Library (CENTRAL)

Lilacs

Grey Literature Report
OpenGrey

#

=

#1

#

#1

lI[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

‘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

gingival recession OR keratinized gingiva OR keratinized mucosa width OR gingival thickness OR gingival biotype OR
Miller class | OR Miller class Il #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

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

gingival recession OR keratinized gingiva OR keratinized mucosa width OR gingival thickness OR gingival biotype OR
Miller class | OR Miller class Il #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




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.
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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 (Cl) 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 /.
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 CAF+ XCM
were CAF alone, CAF + CTG, and CAF + enamel matrix deriva-
tive (EMD).
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MEDLINE/PubMed
Records identified through
database searching

Cochranne (CENTRAL)
Records identified through
database searching

EEEHEEEA

Lilacs
Records identified through
database searching

Scopus
Records identified through
database searching

=)

(n=3396) (n=1169) (n=1282) (n=52)
Records excluded
(n=5882)
Y
Full-text articles assessed for
eligibility (n=17)
8 full-text articles excluded:

v Observacional study?!

Duplicate study??

[

Studies included in qualitative

Only evaluated gain of
KMW1:23-25
Case-series 2
Compared only surgical

synthesis (n=9)

]

[ Included ][ Eligibility ] [ Screening ][ Identification ]

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

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 (CAT+ XCM) (42%) when compared to
the control group (CAT + CTG) (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;
P =79%). RC with the use of XCM differs significantly
(p=.003) from that achieved with CAF alone, with an MD of
7.12 (95% Cl: 2.35-11.8). However, when compared to CTG
(p=.09) and EMD (p=.62), there was no significant differ-
ence, with an MD of -6.95 (95% Cl: -14.9 to 1.07) and 2.80
(95% Cl: -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
(p=.010; *=60%). There was not a statistically significant
difference between the CAL achieved with the use of XCM
and that achieved with CAF alone (p=.22), CTG (p=.19) and
EMD (p=.95), with an MD of 0.17 (95% Cl: -0.10 to 0.45),
-0.32 (95% Cl: -0.78 to 0.15) and -0.02 (95% Cl: -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 (p =.74; I* = 0%).
Only the comparison between XCM and CAF showed a statis-
tically significant difference in favour of XCM (p =.006), with
an MD of 032 (95% Cl: 0.09-0.55). The comparison of XCM

technique?’

and CTG (p=.51) and EMD (p =.95) showed no significant dif-
ference, with MDs of 0.07 (95% ClI: -0.14 to 0.27) and -0.02
(95% Cl: -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 (p=.48; I>=0%). The PD parameter showed no dif-
ference in the comparison between XCM and CAF (p =.25),
CTG (p=.66), and EMD (p=1.00). The MD for the compari-
son of XCM vs. CAF was -0.06 (95% Cl: -0.16 to 0.04), XCM
vs. CTG: 0.02 (95% Cl: -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; *=90%). GT was considerably higher
with XCM than CAF (p =.003), with an MD of 0.38 (95% Cl:
0.13-0.63). On the other hand, there was no significant dif-
ference between XCM vs. CTG (p=.18) and XCM vs. EMD
(p=.07), which had MDs of -0.23.95 (95% Cl: -0.57 to 0.11)
and 0.18 (95% Cl: -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 CAT+XCM vs.
CAT 4 CTG, and the other three [30-32] performed compari-
sons between CAF+ 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
(p=.94; >=0%). There was not a considerable difference
(p=.10) in the participants’ aesthetic satisfaction with the
techniques, with an MD of 0.19 (95% Cl: -0.04 to 0.42)
(Figure 7).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 XCM vs. CAF
Moreira et al., 2016 77 0.21 20 72 0.14 20 18.9% 5.00 (4.89, 5.11) -
Jepsen et al., 2013 75.2 26.6 45 726 26.1 45  10.4% 2.60 [-8.29, 13.49] _—t
Cardarapoli et al., 2014 93.2 10 58 814 234 54 14.4% 11.80 [5.05, 18.55] I
Stefanini et al.,2016 76.2 28 45 75 26.2 45 10.1%  1.20([-10.00, 12.40] I L—
Sangiorgio et al., 2017 87.2 15 17 68 24.1 17 8.4% 19.20[5.71, 32.69] —
Subtotal (95% CI) 185 181 62.3% 7.12 [2.35, 11.89] -
Heterogeneity: Tau® = 14.19; Chi’ = 8.78, df = 4 (P = 0.07); I’ = 54%
Test for overall effect: Z = 2.92 (P = 0.003)
1.1.2 XCM vs. CTG
McGuire et al., 2010 88.5 17.4 25 993 2.1 25 14.3% -10.80([-17.67, -3.93] _—
Cardaropoli et al., 2012 94.3 11.6 11 96.9 6.74 11 13.2% -2.60[-10.53, 5.33] —_—
Subtotal (95% CI) 36 36 27.5% -6.95[-14.97,1.07] T
Heterogeneity: Tau’ = 19.30; Chi’ = 2.35,df = 1 (P = 0.13); I = 57%
Test for overall effect: Z = 1.70 (P = 0.09)
1.1.3 XCM vs. EMD
Sangiorgio et al., 2017 91.5 11 17 887 206 17 10.2%  2.80(-8.30, 13.90] S [
Subtotal (95% CI) 17 17 10.2% 2.80 [-8.30, 13.90]  —~aii—
Heterogeneity: Not applicable
Test for overall effect: Z = 0.49 (P = 0.62)
Total (95% CI) 238 234 100.0% 3.05 [-2.19, 8.29] ?

2 - - ’ 3 4+ 4 4 4

Heterogeneity: Tau® = 37.70; Chi* = 32.77, df = 7 (P < 0.0001); V¥ = 79% _20 -10 0O 10 20

Test for overall effect: Z = 1.14 (P = 0.25)
Test for subgroup differences: Chi* = 8.74, df = 2 (P = 0.01), ¥ = 77.1%

Figure 2. Forest plot for the root coverage parameter.

Favours [control] Favours [experimental]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
2.1.1 XCM vs. CAF
Moreira et al., 2016 1.85 0.73 20 209 0.7 20 3.6% -0.24 [-0.68, 0.20] =
Jepsen et al., 2013 2.67 1.04 45 2.47 114 45 3.5% 0.20 [-0.25, 0.65) —
Cardarapoli et al., 2014 2.23 0.78 58 1.88 0.94 54 6.9% 0.35 [0.03, 0.67] ———
Stefanini et al.,2016 2.7 1.05 45 2.71 1.16 45 3.4% -0.01[-0.47, 0.45]
Sangiorgio et al., 2017 2.87 0.75 17 2.18 1.11 17 1.8% 0.69 [0.05, 1.33]
Subtotal (95% CI) 185 181 19.2% 0.18(-0.01,0.37] ot
Heterogeneity: Chi’ = 7.66, df = 4 (P = 0.10); I’ = 48%
Test for overall effect: Z = 1.82 (P = 0.07)
2.1.2 XCM vs. CTG
Tonet et al., 2018 03 05 242 03 06 243 73.6% 0.00[-0.10,0.10]
McGuire et al.,, 2010 2.26 1 25 2.85 0.52 25 3.6% -0.59[-1.03, -0.15] T———
Cardaropoli et al., 2012 2.41 0.83 11 295 0.82 11 1.5% -0.54[-1.23,0.15]
Subtotal (95% CI) 278 279 78.7% -0.04 [-0.13, 0.06] ‘
Heterogeneity: Chi’ = 8.61,df = 2 (P = 0.01); I’ = 77%
Test for overall effect: Z = 0.77 (P = 0.44)
2.1.3 XCM vs. EMD
Sangiorgio et al., 2017 2.91 0.87 17 2.7 0.84 17 2.2% 0.21[-0.36, 0.78] i =
Subtotal (95% CI) 17 17 2.2% 0.21(-0.36,0.78) e ——
Heterogeneity: Not applicable
Test for overall effect: Z = 0.72 (P = 0.47)
Total (95% CI) 480 477 100.0% 0.01[-0.08, 0.09]

Heterogeneity: Chi’ = 20.63, df = 8 (P = 0.008); I’ = 61%
Test for overall effect: Z = 0.21 (P = 0.83)
Test for subgroup differences: Chi* = 4.36, df = 2 (P = 0.11), I’ = 54.2%

Figure 3. Forest plot for the clinical attachment level parameter.
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,

hd .

-0.5 0 0.5 1
Favours [control] Favours [experimental)

A1

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



ACTA ODONTOLOGICA SCANDINAVICA 463

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1.1 XCM vs. CAF
Moreira et al., 2016 2.8 0.83 20 2.75 0.97 20 7.0% 0.05[-0.51, 0.61)
Jepsen et al., 2013 1.05 1.89 45 0.51 1.23 45 5.0% 0.54[-0.12, 1.20]
Cardarapoli et al., 2014 1.07 0.87 58 0.7 1.04 S4 17.2% 0.37 [0.01, 0.73]) -
Stefanini et al,,2016 1.05 1.19 45 0.64 1.16 45 9.3% 0.41[-0.08, 0.90]
Sangiorgio et al., 2017 0.35 1.04 17 03 1.4 17 3.2% 0.05[-0.78, 0.88]
Subtotal (95% CI) 185 181 41.7%  0.32 [0.09, 0.55) -
Heterogeneity: Chi’ = 1.94, df = 4 (P = 0.75); I¥ = 0%
Test for overall effect: Z = 2.75 (P = 0.006)
3.1.2 XCM vs. CTG
Tonetti et al., 2018 3 14 242 29 1.3 243 37.8% 0.10[-0.14,0.34] -1
McGuire et al., 2010 1.11 0.68 25 1.09 1.32 25 6.4% 0.02 [-0.56, 0.60]
Cardaropoli et al., 2012 1.23 0.61 11 1.27 0.65 11 7.9% -0.04 [-0.57, 0.49)
Subtotal (95% CI) 278 279 52.1% 0.07 [-0.14, 0.27) i
Heterogeneity: Chi’ = 0.26, df = 2 (P = 0.88); I = 0%
Test for overall effect: Z = 0.66 (P = 0.51)
3.1.3 XCM vs. EMD
Sangiorgio et al., 2017 0.34 0.86 17 036 09 17 6.2% -0.02 [-0.61, 0.57]
Subtotal (95% CI) 17 17  6.2% -0.02 [-0.61, 0.57) e
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.95)
Total (95% CI) 480 477 100.0% 0.17 [0.02, 0.32) L
Heterogeneity: Chi’ = 5.20, df = 8 (P = 0.74); I’ = 0% + + t é

Test for overall effect: Z = 2.23 (P = 0.03)

-2 -1
Favours [control] Favours [experimental)

Test for subgroup differences: Chi* = 3.01, df = 2 (P = 0.22), I’ = 33.6%

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

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.1.1 XCM vs. CAF
Jepsen et al., 2013 0.03 0.57 45 0.11 0.54 45 8.3% -0.08[-0.31,0.15)
Cardarapoli et al., 2014 0.06 0.44 58 0.03 0.44 54  16.4% 0.03 [-0.13, 0.19)
Stefanini et al.,2016 0.07 0.54 45 0.3 0.57 45 8.3% -0.23 [-0.46, -0.00)
Sangiorgio et al., 2017 0.18 0.5 17 0.03 0.74 17 2.4%  0.15[-0.27,0.57)
Moreira et al., 2016 1.1 0.31 20 1.2 0.41 20 8.6% -0.10[-0.33,0.13]
Subtotal (95% CI) 185 181 43.9% -0.06[-0.16, 0.04] <
Heterogeneity: Chi’ = 4.37, df = 4 (P = 0.36); I’ = 8%
Test for overall effect: Z = 1.15 (P = 0.25)
4.1.2 XCM vs. CTG
McGuire et al., 2010 0.5 0.68 25 0.24 0.62 25 3.3%  0.26 [-0.10, 0.62]
Cardaropoli et al., 2012 0.27 0.41 11 0.23 0.26 11 5.3%  0.04 [-0.25,0.33]
Tonetti et al., 2018 1.5 06 242 1.5 05 243 45.1% 0.00 [-0.10, 0.10) 1
Subtotal (95% CI) 278 279 53.7% 0.02[-0.07,0.11)
Heterogeneity: Chi’ = 1.88, df = 2 (P = 0.39); I’ = 0%
Test for overall effect: Z = 0.44 (P = 0.66)
4.1.3 XCM vs. EMD
Sangiorgio et al., 2017 0.03 06 17 0.03 0.67 17 2.4%  0.00[-0.43, 0.43]
Subtotal (95% CI) 17 17 2.4% 0.00[-0.43,0.43) | ——ei——
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 480 477 100.0% -0.01(-0.08, 0.05]

Heterogeneity: Chi’ = 7.57, df = 8 (P = 0.48). I’ = 0%
Test for overall effect: Z = 0.44 (P = 0.66)
Test for subgroup differences: Chi’ = 1.32, df = 2 (P = 0.52), I¥ = 0%

Figure 5. Forest plot for the Probing Depth parameter.

important because it helps to increase the quality and trans-
parency of health studies [37].

In this SR, the effects of CAF +XCM were compared with
the effects of three different techniques (CAF alone,
CAF + CTG, and CAF+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

R S

-1 -0.5 0.5
Favours [control] Favours [experimental]

and patient morbidity. Notably, however, XCM yielded lower
RC than CTG in the treatment of Miller Class | and Il 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].
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 XCM vs. CAF
Jepsen et al.,, 2013 0.67 0.38 45 036 0.4 45  15.0% 0.31[0.15, 0.47) e
Cardarapoli et al., 2014 0.97 0.42 58 0.13 0.36 5S4  15.2% 0.84 [0.70, 0.98] el
Stefanini et al.,2016 0.52 0.37 45 0.27 0.35 45 15.2% 0.25 [0.10, 0.40] = =
Sangiorgio et al., 2017 0.36 0.47 17 0.13 0.32 17 13.1% 0.23 [-0.04, 0.50] T
Moreira et al,, 2016 0.4 0.19 20 0.14 0.29 20 15.1% 0.26 [0.11, 0.41) ——
Subtotal (95% CI) 185 181 73.7% 0.38 [0.13, 0.63] i
Heterogeneity: Tau’ = 0.07; Chi¥ = 45.34, df = 4 (P < 0.00001); I’ = 91%
Test for overall effect: Z = 3.00 (P = 0.003)
5.1.2 XCM vs. CTG
Cardaropoli et al., 2012 1 0.32 11 1.23 0.47 11 11.9% -0.23[-0.57,0.11] —
Subtotal (95% CI) 11 11 11.9% -0.23[-0.57,0.11) i
Heterogeneity: Not applicable
Test for overall effect: Z = 1.34 (P = 0.18)
5.1.3 XCM vs. EMD
Sangiorgio et al., 2017 0.3 031 17 0.12 0.27 17 145% 0.18[-0.02, 0.38) —
Subtotal (95% CI) 17 17 145% 8 [-0.02, 0.38] -t
Heterogeneity. Not applicable
Test for overall effect: Z = 1.81 (P = 0.07)
Total (95% CI) 213 209 100.0% 0.28 [0.06, 0.50]
Heterogeneity: Tau’ = 0.08; Chi* = 62.47, df = 6 (P < 0.00001); I’ = 90% -:l _0: 5 > 0'5 1

Test for overall effect: Z = 2.47 (P = 0.01)
Test for subgroup differences: Chi* = 8.23, df = 2 (P = 0.02), I’ = 75.7%

Figure 6. Forest plot for the gingival thickness parameter.

Favours [control] Favours [experimental]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jepsen et al., 2013 9.75 0.49 45 9.57 0.63 45 94.6% 0.18[-0.05,0.41) T
Moreira et al., 2016 9.4 10.4 20 9.35 7.45 20 0.2% 0.05 [-5.56, 5.66] ¢ +
Sangiorgio et al,, 2017 8.65 1.58 17 8.29 1.36 17 5.2% 0.36 [-0.63, 1.35]
Total (95% CI) 82 82 100.0% 0.19 [-0.04, 0.42] e
Heterogeneity: Chi’ = 0.12, df = 2 (P = 0.94); I’ = 0% _:1 0 3 3 055 ]
Test for overall effect: Z = 1.64 (P = 0.10) Favours [control] Favours [experimental]
Figure 7. Forest plot for the Participants’ aesthetic satisfaction parameter.
Table 3. Risk of bias of included studies.
Adequate Incomplete
sequence Allocation outcome Selective Free of other Estimated potential
Authors (year) generation concealment Blinding  data addressed outcome reporting sources of bias risk of bias
Aroca et al,, 2013 [27] Yes Yes Yes Yes Yes Yes Low
Cardaropoli. et al. Yes Yes Yes Yes Yes Yes Low
2012 [28]
Cardarapoli et al., Yes Yes Yes Yes Yes Yes Low
2014 [29]
Jepsen et al., 2013 [30] Yes Yes Yes Yes Yes Yes Low
McGuire et al., Yes Yes Yes Yes Yes Yes Low
2010 [4]
Moreira et al., Yes Yes Yes Yes Yes Yes Low
2016 [31]
Sangiorgio et al., Yes Yes Yes Yes Yes Yes Low
2017 [32]
Stefanini et al., Yes Yes Yes Yes Yes Yes Low
2016 [33]
Tonetti et al., 2018 [6] Yes Yes Yes Yes Yes Yes Low

The results of this SR indicate that the addition of XCM to
CAF provides benefits in terms of RC (p=.003), KMW
(p=.006) and GT (p =.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 | or Il gin-
gival recessions [41]. In the present study, although the CTG
showed superior outcomes for RC (p=.09), CAL (p =.44) and
GT (p=.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 | or Il 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



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 CAF +XCM when compared to CAF+ XCM. The EMD
association improved the KMW outcome, but the difference
was not statistically significant (p=.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].
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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 | or Il 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 -Il 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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