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Abstract

Background: The primary objective of this systematic review and meta-analysis was to assess the evidence on
complete root coverage (CRC) achieved by periodontal plastic techniques in the treatment of Miller class Ill/RT2
gingival recessions, comparing techniques developed along the twentieth century (pre-twenty-first) versus surgical
approaches of the twenty-first century (21st).

Methods: An electronic bibliographic search was carried out in four databases up to December 2019, focusing on
studies that reported CRC results in Miller class IIl or RT2 recessions treatment with at least a six-month follow-up.
In addition, a random-effects models’meta-analysis was performed for the CRC, comparing pre-twenty-first versus
twenty-first century techniques at 6 months, 12 months and more than 12 months.

Results: Thirty-seven publications were included. A total of 933 gingival recessions were treated, 298 with pre-
twenty-first century surgical techniques and 635 with techniques from the twenty-first century. CRC was achieved at
6 months on half of the recessions (pre-twenty-first: 57.60% vs. 21st: 51.11%), but decreased markedly for twenty-first
century techniques at 12 months (pre-twenty-first: 63.82% vs. 21st: 32.87%). Thereafter, this difference was the other
way around (> 12 months: pre-twenty-first: 5.26% vs. 21st: 19.65%). The meta-analysis showed a high heterogeneity,

with no significant differences amongst the techniques.

Conclusions: Although CRC might be achievable by treating Miller class IIl or RT2 recessions with any of the
described techniques, its long-term stability is not predictable. More randomized clinical trials with longer follow-ups
and several visits, are needed. In addition, the patient’s satisfaction should also be assessed.
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Introduction

Periodontitis is a very prevalent pathology that ultimately
leads to tooth loss in adult population [1-3]. As it pro-
gresses, multiple signs and symptoms may appear, includ-
ing gingival recessions as a consequence of periodontal
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attachment loss. Most of the recessions in periodontal
patients involve the destruction of interproximal perio-
dontal tissues, therefore, they could be classified as Miller
class III [4] or RT2 [5] gingival recessions (GRs).

Miller classification [4] has been the most commonly
used for identifying the type of recession and for predict-
ing the results of its treatment in terms of root coverage
(RC). Nevertheless, with the development of new treat-
ment options, this classification no longer matches the
treatment outcomes expected to be achieved [6, 7]. In an
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attempt to overcome this limitation, a new classification
based on the interdental clinical attachment level was
proposed [5] which has been accepted by the American
Academy of Periodontology [8] and the European Fed-
eration of Periodontology [9].

In order to treat these challenging Miller class III [4]
or RT2 [5] recessions, several mucogingival approaches
have been proposed such as tunnel techniques, coronally
advanced flaps, free gingival grafts, rotated techniques
and two-stage procedures. These techniques have been
developed along the twentieth century (pre-twenty-first
century techniques) and the twenty-first century as well.
Although modern modifications of classical techniques
have been proposed in this century, aiming to increase
the blood supply in the recipient area, there is no evi-
dence about their predictability.

The main objective of these different treatment options
is achieving complete root coverage (CRC), which has
been accepted as the best indicator of success [10, 11].
However, when considering the effectiveness of these
techniques, it would be important to assess the percent-
age of RC [10] since a mean defect coverage of 80%-100%
could also be a successful outcome [12].

Taking all this into account, a systematic review was
carried out in order to collect the evidence about CRC
outcomes achieved with techniques developed along
twentieth century (pre-twenty-first century) versus more
current surgical approaches (twenty-first century) used
for the treatment of Class III [4] or RT2 [5] recessions.

Methods

Review design and registration

This systematic review was carried out following the
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) guidelines [13]. The protocol
has previously been registered in the International Pro-
spective Register of Ongoing Systematic Reviews (PROS-
PERO) in 2018 [CRD42018103599 Available from: http://
www.crd.york.ac.uk/PROSPERO/display_record.php?
ID=CRD42018103599].

Review question and search strategy
The focused PICO question was: In patients with Class
III [4] or RT2 [5] gingival recessions (population), what
percentage of CRC (primary outcome) can we expect
when using older (pre-twenty-first century) versus more
modern (twenty-first century) mucogingival techniques?
A bibliographic search was performed in December
2019, in the National Library of Medicine (MEDLINE via
PubMed), Web of Science, Cochrane Library and Scopus
databases. The search strategy included the combina-
tion of the following keywords: “Class III recession’, “RT2
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recession” and “treatment”: ((Class III recession) OR
(RT2 recession)) AND (treatment).

It has been postulated that a follow-up of at least
6 months might be necessary in order to predict long-
term outcomes of these procedures [14, 15], so only
clinical studies with a follow-up at least of 6 months were
included in this systematic review.

Eligibility criteria

Articles were included in this systematic review if they
met the following inclusion criteria: (1) clinical stud-
ies including randomized clinical trials, cohort stud-
ies, retrospective studies, cases series and case reports
in humans; (2) treatment of Miller class III or RT2 GRs
around teeth (3) CRC was reported or could be obtained
from the results provided; (4) that the results reported
had at least six-month follow-up; (5) studies written in
English and Spanish.

Instead, articles were to be excluded if: (1) they treated
Miller class IIT or RT2 GRs, but there was no information
about CRC or it was not possible to obtain this param-
eter; (2) letters and abstracts of meetings; (3) the resolu-
tion of the GR was not due to mucogingival treatment.

Data extraction and quality of studies

Screening of eligible studies, data extraction and risk of
bias assessment (Grading of Recommendations. Assess-
ment, Development and Evaluation (GRADE) system)
[16] were performed independently by two different
examiners (AF] and AMGF), using the same inclusion
and exclusion criteria. A third researcher (REF) was con-
sulted in case of disagreements.

The year 2001 was taken as a reference point to divide
the two study-groups. Pre-twenty-first century tech-
niques included all surgical approaches (tunnel tech-
niques, coronally advanced flaps, free gingival grafts,
rotated techniques and two-stage procedures) devel-
oped between 1902 and 2000, and those developed from
1/01/2001 until now were considered as twenty-first cen-
tury techniques.

The quality of each type of study was assessed individu-
ally (in each included study) and globally (calculating per-
centages of all included studies) using risk of bias tables
(GRADE system) [16]. In these tables, the following six
parameters were recorded: random sequence generation,
allocation concealment, blinding of participants and per-
sonnel, lack of incomplete outcome data, lack of selective
reporting and being free of source of funding.

Strategy for data synthesis

The main objective was to assess the percentage of
CRC (treatment success) obtained in the treatment of
Miller class III [4]/RT2 [5] recessions comparing the
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mucogingival techniques described before twenty-
first century (pre-twenty-first century) versus the more
recently described or modified techniques (twenty-first
century). In the studies in which other types of recessions
were treated in addition to Miller class III [4] or RT2 [5]
GRs, only the data corresponding to these types of reces-
sions were collected.

Likewise, mean baseline gingival recession depth as
well as changes in other parameters, such as probing
depth (PD), clinical attachment level (CAL) and kerati-
nized tissue width (KTW) were recorded in millimeters.

For all the meta-analysis conducted, a random-effects
model analysis was used. Heterogeneity was evaluated
with Cochran’s Q test and I2 statistic. The principal

Page 30f 18

parameter was the percentage of CRC, which was used
for consistency measurements comparing pre-twenty-
first century versus twenty-first century techniques in
each follow-up, at 6 months, 12 months and more than
12 months. In addition, a cumulative meta-analysis for
each follow-up time was performed, regardless of the
technique used, in order to observe if there was any trend
over time. Statistical significance was set at p <0.05.

Results

Study selection

The PRISMA flow chart in Fig. 1 summarizes the
retrieval process of the studies included in this systematic
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review. A total of 323 studies were found, 134 in PubMed
database, 143 in Web of Knowledge, 28 in The Cochrane
Library and 18 in Scopus.

After excluding duplicates, 156 studies were screened.
The titles and the abstracts of all reports identified were
read separately by the two authors (AF] and AMGF) to
include the articles where Miller class III [4]/RT2 [5]
were treated with periodontal plastic surgical procedures;
the inter-examiner global agreement was of 95.68%
(Kappa=0.91). Articles with no sufficient information in
their title or abstract to discard them were also included.
Finally, 75 full-text articles were assessed for eligibility.
Thirty-eight studies were excluded (Fig. 1) with a global
agreement of 94.12%. Excluded studies and reasons for
their exclusion are summarized on Additional file 1 (see
Additional file 1).

Regarding the surgical techniques of GRs included
in this systematic review, a total of 27 different surgical
techniques were identified that were divided in two study
groups: pre-twenty-first century [17-27] versus twenty-
first century [6, 28—42] techniques (Table 1).
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Study design and study population

Seventeen studies were cases series [39-41, 43—56], nine
were case reports [31, 35, 38, 57-62], seven were clini-
cal trials [6, 7, 14, 42, 63—-65], and four were retrospec-
tive studies [36, 66—68]. Out of these 37 studies, only two
studies [7, 65] used the classification proposed by Cairo
et al. [5]. Almost half of the studies (n=16) included only
Miller class III [4] or RT?2 [5] recessions while, in the rest
(n=18) Miller class I/II [4] or RT1 [5] or Miller class IV
[4] (n=1) recessions were also treated (Table 2).

Of the 16 articles focusing only on Miller class III GRs,
nine of them [7, 31, 35, 38, 39, 57, 61, 62, 64] treated sin-
gle GRs, six studies [6, 53, 56, 58—60] included multi-
ple GRs, and one study [67] included single or multiple
Miller class III GRs. In the rest of articles, different kind
of GRs were treated: single Miller class I, II and III GRs
were treated in nine studies [40, 41, 44, 48, 50, 51, 63, 65,
66], whereas multiple Miller class I, II, III and IV GRs
were treated in five articles [45, 46, 52, 54, 68], and single
and multiple Miller class I, II and III GRs were treated in
other seven articles [14, 42, 43, 46, 47, 49, 55] (Table 2).

Table 1 Periodontal plastic surgical techniques used in Class Il or RT2 recessions treatment

Pre-twenty-first century

twenty-first century

Tunnel Technique (TT)

Coronally advanced flap (CAF)
Allen [23]

Allen and Miller [24]

Ito et al. (PCTG) [26]

Langer and Langer [20]
Marggraf (BFP) [21]
Zucchelliand De Sanctis [27]
Free gingival graft (FGG)
Holbrook and Ochsenbein [19]
Rotated Technique (ROT)
Grupe and Warren [17] (LPF)
Harris [25] (DPG)

Nelson [22] (DPG)

Two-stage procedures (2SP)
Bernimoulin et al. [18] (FGG + CAF)

Allen [34]

Aroca et al. [6] (MCAT)
Chao [36] (PST)

Ribeiro et al. [31]

Sculean and Allen [411(LCT)
To6zUm and Dini [29]

Zadeh [37] (VISTA)

Zucchelli et al. [33](MCAF)
Mercado et al. [42]

Allen and Cohen [28] (GUT)

Deliberador et al. [35] (LPF+TT)
Chambrone and Chambrone [32] (MLPF)
Lee et al. [39] (MLPF)

Zucchelli et al. [30] (LMCAF)

NUnez et al. [40] (2SSA: Odontoplasty/TT: Allen)
Zucchelli and De Sanctis [38] (Modified 25P: FGG + LMCAF)

MCAT: Modified coronally advanced tunnel; VISTA: Vestibular incision subperiosteal tunnel access; PST: Pinhole surgical technique; LCT: Laterally closed tunnel; BFP:
Bridge flap procedure; PCTG: Periosteal connective tissue grafting; MCAF: Modified coronally advanced flap; GUT: Gingival unit transfer; DPG: Double pedicle graft;
LMCAF: Laterally moved coronally advanced flap; MLPF: Modified laterally positioned flap; LPF: Laterally positioned flap; 25SA: Two-Step Surgical Approach
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Table 2 Characteristics of studies included for the systematic review and meta-analysis
Class Il /RT2 Study type N RC RC location Follow-up Surgical recipient site Graft type
studies (h=237) Class Ill/ (months)
(Class) RT2 Technique Author
Case report (n=9)
Cizza and Migues Il 1 Mx 2.3 6/12 DPG#* Harris [25] SCTG
[57] S
Deliberadoretal. Il 1 Md 3.1 12 LPF+TT+ Deliberadoretal.  SCTG
[35] S [35]
Gajendran and Il 2 Md 3.1, 4.1 12 GUTH Allen and Cohen FGG
Parthasarathy M [28]
[58]
Luthra et al. [59] Il 2 Mx 2.3/2.4 6/12 CAF# Allen [23] Periosteal pedicle
M graft+ Autog-
enous bone
Moussa and Bis- Il 6 Mx 1.5/13/1.2/11 12 TTt Allen [34] ADM
sada [60] M
Mx 2.4/ 2.6 MCAFt Zucchellietal. [33] SCTG
Rath et al. [61] Il 1 Md 4.1 6 2SP (FGG/CAR)* Bernimoulin etal.  FGG/BB (BioMed®)
S [18]
Rath et al. [62] 1l 1 Md 4.1 6 FGGH Holbrook and FGG
S Ochsenbein [19]
Ribeiro et al. [31] 1l 1 Mx 2.4 36 TTt Ribeiro et al. [31] SCTG
S
Zuchelliand De Il 1 Md 3.6 12/60 M2SP (FGG/ Zuchelliand De FGG/No
Sanctis [38] S LMCAF)t Santics [38]
Case series (n=17)
Boltchi et al. [43] [, 10 14 NR 6 CAF$ Allen [23] BB (Guidor®)
SorM
Carnio et al. [44] I, 1 2 Mx/Md 1.3/2.3 6/12 DPG* Nelson [22] SCTG
S
Cosgarea et al. [45] 1,11, Il 25 Mx/Md incisors, 12 MCAT+ Aroca et al. [6] ADM (Mucoderm®)
M canines or
premolars
Garg et al. [46] land lll M 9 Mx incisor, canines 6 VISTAt Zadeh [37] BB (PRF) /No
and premolar
Gupta et al. [47] AL 7 Md incisors 9 BFP# Marggraf [21] No
SorM
Jepsen et al. [48] LILHI 8 Mx/Md 1.3/ 2.3/ 12 CAF$ Allen [23] BB (Atrisorb®)
S 33
Case series (n=17)
Leeetal. [39] Only III'S 2 Md 4.3 6/36 MLPF+ Leeetal. [39] SCTG
Nart et al. [49] lland Il 7 Md incisors 11.70 (6.21) CAF+ Zucchelliand De  SCTG
SorM Sanctis [27]
Nart and Valles lland Il 7 Md incisors 20.53 (8.89) TTt TozUm and Dini SCTG
[50] S [29]
Nunez et al. [40] lland Il 7 Md 3.1, 4.1 12 2SSA (Odonto- Nunez et al. [40] SCTG
S plasty/TT)t
Pini Prato etal. [51] landll, 25 Mx/Md incisors, 12/ 240 CAF£ Allen and Miller No
S canines or [24]
premolars
Romanos et al. I, Iland Il 48 Mx/Md 12 MCATt Aroca et al. [6] ADM (Alloderm®)
[52] M
Sato et al. [53] Only M 4 Md central incisors 12/24 PCTGE Ito et al. [26] SCTG+EMD
Sculeanetal. [54] |, lland llIM 5 Mx 12 MCATT Aroca et al. [6] SCTG+EMD
Sculeanetal. [55] landlll 7 Mx 12 MCATT Aroca et al. [6] SCTG
SorM
Sculeanand Allen I, lland Ill' S 10 Md incisors and 12 LCTH Sculean and Allen  SCTG+EMD

(41]

canines

(41]
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Table 2 (continued)
Class Il /RT2 Study type N RC RC location Follow-up Surgical recipient site Graft type
studies (n=37) Class lll/ (months)
(Class) RT2 Technique Author
Yaman et al. [56] Only M 68 Mx/Md 12 MCATt Aroca et al. [6] SCTG
Clinical trials (n=7)
Aroca et al. [6] Only M 139 Mx/Md 6/12 MCATt Aroca et al. [6] SCTG/ + or—EMD
Cairoetal. [7] Only RT2 S 29 Mx incisors, 6 CAF% Allen and Miller SCTG/ No
canines and [24]
premolars
Cuevaetal. [14] LllandlSorM 7 Mx/Md incisors, 6 CAF+ Allen and Miller EMD/No
canines and [24]
premolars
Mercado etal. [42] llland VM 127 Md incisors and 36 CAFt Mercado et al. [42] SCTG/+ or—EMD
canines
Ozcelik et al. [63] I Iland III'S 30 Mx/ Md incisors 6 MLPF+ Chambrone and No
and canines Chambrone [32]
Ozcelik et al. [65] RT1 and RT2 62 Mx/Md incisors 6 CAF$ Allen and Miller SCTG
S and canines [24]
Ucak et al. [64] Only Il 50 Mx/Md incisors 6 LMCAFt Zucchellietal.[30] No
S and canines
Restrospective studies (n=4)
César-Neto et al. lland Il 3 Mx/Md incisors, 6 CAF% Langerand Langer SCTG
[66] S canines and [20]
premolars
4 DPG/LPF£ Harris [25]/Grupe
and Warren [17]
Chao [36] ILIlandlllSorM 36 Mx/Md 15(5.2) PST+ Chao [36] BB (Bio-Gide®)/
ADM (Alloderm®)
Esteibaretal. [67]  Onlylll,SorM 121 Mx/Md 12 FGGH Holbrook and FGG
Ochsenbein [19]
CAF# Langer and Langer SCTG
[20]
DPG* Harris [25]
Gil etal. [68] I, 1land lll M 54 Mx/Md >12(146 (4.6)) VISTAt Zadeh [37] SCTG/ADM
(Perioderm®) /
XCM (Muco-
graft® -+ PDGF
(GEM215®)

S: single; RC: Recession; M: multiple; Mx: Maxilla; Md: Mandible; NR: No reported; 1: twenty-first century technique; #: pre-twenty-first century technique; GUT: Gingival
unit transfer; CAF: Coronally avanced flap; FGG: Free gingival graft; TT: Tunnel technique; MCAF: Modified coronally advanced flap; 2SP: Two-stage procedures; 2SSA:
Two-stage surgical approach; LMCAF: Laterally moved coronally advanced flap; DPG: Double pedicle graft; LPF: Laterally positioned flap; LCT: Laterally closed tunnel;
VISTA: Vestibular incision subperiosteal tunnel access; MCAT: Modified coronally advanced tunnel; MLPF: Modified laterally positioned flap; BFP: Bridge flap procedure;
PCTG: Periosteal connective tissue grafting; PST: Pinhole surgical technique; ADM: Acelullar dermal matrix; XCM: Xenogenic collagen matrix; SCTG: Subepithelial
connective tissue graft; BB: Bioabsorbable barrier; EMD: Enamel matrix derivative; PRF: Platelet-rich fibrin; PDGF: Platelet derived growth factor

Type of intervention

In the treatment of Miller class III [4] or RT2 [5] reces-
sions, the tunnel preparation and the CAFs were the
most widely used surgical techniques. Regarding surgical
procedures developed along twentieth century, they were
used in 16 clinical studies [7, 14, 43, 44, 47-49, 51, 53, 57,
59, 61, 62, 65—67] (Table 2).

In the majority of the studies, a subepithelial connec-
tive tissue graft or free gingival graft was used, followed
by other alternatives such as connective tissue substitutes
(acellular dermal matrix, porcine acellular dermal matrix)

[36, 45, 52, 60, 68], bioabsorbable membranes (collagen
membranes, PRF membranes) [36, 43, 46, 48], platelet-
derived growth factors (GEM21S®) [68] and enamel
matrix proteins (Emdogain®) [6, 14, 42]. In 3 studies [47,
51, 63] no grafts were used (Table 2).

Risk of bias assessment

Current evidence, mainly based on case reports and
cases series, presented a high risk of bias (Fig. 2). Nev-
ertheless, 7 clinical trials provided a higher level of evi-
dence (Fig. 3).
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Synthesis of results

To quantitatively address the focused question of this
review, data from articles were extracted and organized
into tables to condense an overview of intervention
characteristics and clinical outcomes. Articles in the
tables were organized according to the type of study, as
well.

A total of 933 Miller class III [4] or RT2 [5] GRs from
37 studies were evaluated in the present systematic
review. Of these lesions, 298 were treated with pre-
twenty-first century surgical techniques [17-27] and
635 GRs with techniques [6, 28—42] from the twenty-
first century. They were mainly single recessions
involving incisors, canines and premolars of both jaws
(Table 2).

Baseline measurements of the RC, PD and KTW, as
well as the number of recessions that showed CRC and
the corresponding percentage of the total, are shown in
Table 3. There were no clinical differences (mean <1 mm)
between the two treatment groups in baseline measure-
ments of recession, PD and KTW. Although most studies
had followed-up these recessions up to 6 and 12 months,
only one clinical trial [42] and two cases studies [38, 51]
reported results in advance, at three, five and twenty
years, respectively.

Complete root coverage

Regardless of the technique used in the treatment of
Miller class III [4] or RT2 [5] recessions, CRC percent-
age of 54.88% (n=118/215 GRs), 42.07% (n=215/511
GRs) and 18.23% (n=35/192 GRs) was reported in the
6-, 12- and more than 12-months follow-up points,
respectively (Table 3).

Hence, breaking down this variable according to
the technique used, a CRC percentage of 57.60%
(n=72/125 GRs) and 51.11% (n=46/90 GRs) was
observed at six months of 63.82%, (n=97/152 GRs) and
32.87% (n=118/359 GRs) at 12 months and decreasing
beyond 12 months, to a 5.26% (n=1/19 recessions) and
19.65% (n=34/173 GRs), for the pre-twenty-first and
twenty-first century treatment techniques, respectively.

Periodontal parameters (PD, CAL, KTW)

Changes in some of the clinical parameters (PD, CAL,
and KTW) were reported in 25 studies (Table 3). Regard-
ing PD, an average reduction of less than 1 mm was
observed in both groups, in the three time-points (six, 12
and beyond 12 months).

In relation to the CAL, at six-month follow-up, a
higher gain was observed for the pre-twenty-first cen-
tury treatment group (pre-twenty-first: 4.61 mm vs.
21st: 2.72 mm). However, the opposite was seen in the
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A Case/s Report/s Clinical trials Restrospective studies
Random sequence generation [ RN D D
Allocation conceaimen: [ R N
Blinding of participants and personne! [ MRS D
Blinding of outcome assesment [ MM N I
No incomplete outcome dara [ MM I D
No selective reporting [ MM | I
Free of source of founding [ H . I
b - - - | | - - |t - - - |
0% 25% 50% 75%  100% 0% 25% 50% 75% 100% 0% 25% 50% 75%  100%
-Yes (low risk) |:|Unclear -No (high risk)
Fig. 3 Graph of the risk of bias, presenting each risk of bias item as a percentage across all the included studies

12-month (pre-twenty-first: 3.61 mm vs. 21st: 4.38 mm)
and in the beyond 12-month (pre-twenty-first: 1.72 mm
vs. 21st: 4.40 mm) evaluations.

Finally, concerning the KTW, a significant gain could
be observed for both treatment groups at six-month
follow-up (pre-twenty-first: 4.35 mm vs. 21st: 2.93 mm),
which was reduced at the 12-month assessment (pre-
twenty-first: 2.37 mm vs. 21st: 1.79 mm). However, after
12 months of follow-up, the gain in the KTW seemed to
remain stable around 2 mm in both groups (pre-twenty-
first: 1.49 mm vs. 21st: 2.48 mm). Pini-Prato et al. [51]
observed a reduction in the KTW from 12 months on
(12 months: —0.32 mm/240 months: —0.77 mm).

Meta-analysis

Although a total of 37 studies were included for the qual-
itative analysis, two of them [6, 47] were excluded for the
meta-analysis because did not meet the inclusion crite-
ria. Whereas, Aroca et al. [6] provided the results of CRC
at the level of the intervened subjects, Gupta et al. [47]
informed of the obtained coverage at 9 months which
was a time-point not included in the pre-established
analysis groups. The meta-analysis (Fig. 4) showed a high
heterogeneity between studies which prevented obtain-
ing significance when comparing pre-twenty-first century
techniques versus twenty-first century techniques. Even
so, a certain trend could be observed in the cumulative
meta-analysis (Fig. 5), with the results of CRC tending
to improve in the most current studies with a 12-month
follow-up, whereas in those with a follow-up beyond
12 months, the opposite trend was seen.

Discussion

The present systematic review considered all types of
studies which focused on Miller class III [4] or RT2 [5]
GRs, due to the lack of evidence regarding the CRC of
these challenging GRs. Until now, only nine [31, 36,
38, 39, 42, 50, 51, 53, 68] out of the 37 included studies

showed a follow-up longer than 12 months, one of them
being a randomized clinical trial [42]. Furthermore, only
two studies [38, 51] had a long-term follow-up of five and
twenty years, respectively.

It was decided to divide the surgical techniques using
the twenty-first century as a threshold, because it is con-
sidered that, from that moment on, new techniques or
modifications of the previous original techniques had
been described, which were headed towards minimally
invasive surgery, in an attempt to overcome the difficul-
ties, the former presented.

Considering globally all the selected studies in this sys-
tematic review, CRC is possible, but the percentage of
the CRC seems to decrease exponentially with a longer
follow-up time (six months: 54.88%; 12 months: 42.07%
and > 12 months: 18.23%). In this way, the study by Pini-
Prato et al. [51] which had the longest follow-up, was
the one showing no stability of the CRC in the 17 reces-
sions after 20 years of follow-up. When considering both
groups (pre-twenty-first century [17-27] and twenty-first
century [6, 28—42] techniques) independently, both of
them showed CRC in half of the treated recessions (pre-
twenty-first: 57.60% vs. 21st: 51.11%) at six months. The
CRC decreased markedly for the twenty-first century [6,
28-42] techniques at 12 months (pre-twenty-first: 63.82%
vs. 21st: 32.87%). Nevertheless, beyond the 12-month
follow-up, the tendency of the CRC was inverted (pre-
twenty-first: 5.26% vs. 21st: 19.65%). This could be due
to the higher number of recessions treated with the
more current techniques at 12 months (pre-twenty-first:
n=152 vs. 21st: n=359), and beyond 12 months (pre-
twenty-first: n=19 vs. 21st: n=173). In fact, the number
of recessions treated with the more modern techniques
were more than the double at 12 months and more than
nine times beyond 12 months; it might explain the large
differences in CRC. In addition, other factors related to
the defect, the patient and the surgical characteristics
may have influenced the CRC obtained.
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6 months

12 months

>12 months

Cumulative Studies

Boltchi et al. 2000
+ Carnio et al. 2002
+ Cueva et al. 2004
+ Cizza and Migues 2010
+ Cairo et al. 2012
+Leeetal 2014
+ Ozcelik et al.(a) 2018
+ Ozcelik et al.(b) 2018
+ Rath et al. 2016
+ Garg et al. 2017
+ Ucak et al. 2017
+ Luthra et al. 2018
+ Rath et al. 2018
+ C.sar-Neto et al.(2) 2019
+ C.sar-Neto et al. (1) 2019

Jepsen et al. 2000
+ Carnio et al. 2002
+ Sato et al.. 2008
+ Cizza and Migues 2010
+ Deliberador et al. 2010
+ Esteibar et al.(1) 2011
+ Esteibar et al.(2) 2011
+ Esteibar et al.(3) 2011
+ Nart et al.. 2012
+ Zuchelli and De Sanctis. 2013
+ Yaman et al.. 2018
+ Cosgarea et al. 2016
+ Sculean etal. 2016
+ Moussa and Bissada(1) 2017
+ Moussa and Bissada(2) 2017
+ Romanos et al.. 2017
+ Sculean et al. 2017
+ Gajendran and Parthasarathy 2018
+ Luthra et al. 2018
+N.ezetal 2018
+ Pini Prato et al. 2018
+ Scullean and Allen. 2018
+Gil et al.. 2018
+ Mercado et al. 2019

Sato et al. 2006
+ Ribeiro et al. 2008
+ Chao 2012
+ Zuchelli and De Sarctis. 2013
+ Lee etal. 2014
+ Nart and Valles. 2016
+ Pini Prato et al. 2018
+ Mercado et al. 2019

Cumulative Estimate

0.500 (0.238, 0.762)
0.460 (0.220, 0.700)
0.451 (0.250, 0.651)
0.430 (0.240, 0.621)
0.422 (0.291, 0.552)
0.414 (0.286, 0.541)
0.320 (0.169, 0.470)
0.396 (0.162, 0.631)
0.386 (0.164, 0.608)
0.368 (0.164, 0.572)
0.419 (0.220, 0.618)
0.450 (0.259, 0.640)
0.465 (0.281, 0.649)
0.451 (0.274, 0.628)
0.428 (0.256, 0.600)

0.056 (-0.094, 0.205)
0.067 (-0.078, 0.212)
0.363 (-0.161, 0.887)
0.334 (-0.071, 0.739)
0.315 (-0.017, 0.648)
0.231 (0.022, 0.441)
0.371 (-0.007, 0.748)
0.337 (-0.005, 0.678)

0.347 (0.034, 0.660)
0.339 (0.042, 0.637)
0.358 (0.117, 0.599)
0.359 (0.139, 0.578)
0.347 (0.137, 0.556)
0.373 (0.172, 0.574)
0.378 (0.183, 0.574)
0.376 (0.199, 0.553)
0.408 (0.238, 0.579)
0.430 (0.264, 0.596)
0.449 (0.288, 0.610)
0.441 (0.285, 0.597)
0.421 (0.267, 0.576)
0.430 (0.281, 0.579)
0.418 (0.277, 0.559)
0.405 (0.274, 0.537)

0.500 (-0.193, 1.193)
0.357 (-0.097, 0.811)

0.410 (0.258, 0.562)
0.400 (0.253, 0.548)
0.392 (0.249, 0.535)
0.334 (0.209, 0.459)
0.225 (0.027, 0.423)
0.185 (0.067, 0.303)
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Jenbudanhotuseakadsshslvdenkasdochusrswese
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Fig. 4 Random-effects model analyses comparing pre-twenty-first century and twenty-first century techniques
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Studies Estimate (95% C.I.) Ev/Trt :
6 months  Boitchi et al 2000 0.500 (0.238, 0.762) /14 ——.—
Carnio et al. 2002 0.250 (-0.350, 0.850) 0/1 - -
Cueva et al 2004 0.429 (0.062, 0.795) 3/7 -
Cizza and Migues 2010 0.250 (-0.350, 0.850) 0/1
Cairo et al 2012 0.414 (0.235, 0.593) 12/29 R
Ozcelik et al (b) 2015 0.742 (0.633, 0.851) 46/62 : R
Rath et al 2016 0.250 (-0.350, 0.850) 0/1 -
Luthva et al 2018 0.833 (0.412, 1.255) 2/2 - -
Rath et al 2018 0.750 (0.150, 1.350) 1/1
C sar-Neto et al (2) 2019 0.250 (-0.174, 0.674) 1/4 - -
0: pre-21st century technique Csar-Neto et al (1)2019 0.125 (-0.199, 0.449) 0/3 ——
Subgroup 0 (*2=6411 %, P=0.002) 0.462 (0.299, 0.625) 72/125 —_—
1: 21st century technique
Lee et al 2014 0.250 (-0.350, 0.850) 0/1 - -
Ozcelik et al (a) 2018 0.133 (0.012, 0.255) 4/30 —— .
Garg etal 2017 0.222 (-0.049, 0.494) 2/9 —
Ucak et al 2017 0.800 (0.689, 0.911) 40/50 . — R
Subgroup 1 (2=9553 %, P=0.000) 0.364 (-0.071, 0.800) 46/90 =
H
Overall (1*2=8579 % , P=0.000) 0.428 (0.256, 0.600) 118/215 —
- T 1
as 1
12 months Jepsen et al 2000 0.056 (-0.094, 0.205) 0/8 R :
Carnio et al. 2002 0.250 (-0.350, 0.850) 0/1 -
Sato et al 2008 0.833 (0.412, 1.255) 2/2 -
Cizza and Migues 2010 0.250 (-0.350, 0.850) 0/1 -
Esteibar et al (1) 2011 0.091 (-0.079, 0.261) 1/11 R
Esteibar et al (2) 2011 0.824 (0.750, 0.898) 84/102 : o
Esteibar et al (3) 2011 0.125 (-0.104, 0.354) 1/8 . . smmm—
Nartetal. 2012 0.429 (0.062, 0.795) 3/7 -
Luthra et al 2018 0.833 (0.412, 1.255) 2/2 5
Pini Prato et al 2018 0.120 (-0.007, 0.247)  3/25 N :
Subgroup 0 (*2=9501 % , P=0.000) 0.374 (0.094, 0.654) 96/167 —
Deliberador et al 2010 0.250 (-0.350, 0.850) 0/1 .
Zuchelli and De Sanctis. 2013 0.250 (-0.350, 0.850) 0/1 :
Yaman et al.. 2016 0.500 (0.381, 0.619) 34/68 -
Cosgarea et al. 2016 0.360 (0.172, 0.548)  9/25 —.-
Sculean etal 2016 0.200 (-0.151, 0.551) 1/ -
Moussa and Bissada(1) 2017 0.750 (0.326, 1.174) 3/4
Moussa and Bissada(2) 2017 0.500 (-0.193, 1.193) 1/2 ;
Romanos et al..2017 0.354 (0.219, 0.489) 17/48 ——
Sculean et al. 2017 0.857 (0.598, 1.116) 6/7 ’ _——-—
Gajendran and Parthasarathy 2018  0.833  (0.412, 1.255)  2/2 -
N ezetal 2018 0.286 (-0.049, 0.620)  2/7 -
Sculiean and Allen 2018 0.600 (0.296, 0.904) 6/10 e e—
Giletal 2018 0.222 (0.111, 0.333) 12/54 —.—
Mercado et al. 2019 0.205 (0.135, 0.275) 26/127 R = .
Subgroup 1 (*2=7539 %, P=0.000) 0.419 (0.304, 0.535) 119/361 _
Overall (1*2=9105 % , P=0.000) 0.405 (0.274, 0.537) 215/528 —_—
- v 1
° as 1
>12 months Sato et al 2006 0.500 (-0.193, 1.193) 1/2 - -
Pini Prato et al 2018 0.028 (-0.048, 0.104) 0/17 —h—
Subgroup 0 (1*2=4327 %, P=0.184) 0.133 (-0.252, 0.518) 1/19
Ribeiro et al 2008 0.250 (-0.350, 0.850) 0/1
Chao 2012 0.417 (0.256, 0.578) 15/36 | ——
Zuchelli and De Sanctis 2013 0.250 (-0.350, 0.850) 0/1
Lee etal 2014 0.250 (-0.350, 0.850) 0/1 -
Nart and Valles. 2016 0.143 (-0.116, 0.402) 1/7 B
Mercado et al. 2019 0.142 (0.081, 0.202) 18/127 E =
Subgroup 1 (1*2=5021 %, P=0.074) 0.234 (0.092, 0.376) 34/173 -0—
Overall (1426639 % , P=0.004) 0.185 (0.067, 0.303) 35/192 —
F " T T 5 1
a2 ° 0z 04 as os 1
Proportion

Fig.5 Cumulative meta-analysis for all studies

At recession level, there were other parameters that periodontal biotype [69], which directly influences the
may have influenced the achievement of the desired flap thickness [72] and, finally, tooth and location. Thus,
CRC, such as interproximal soft tissue integrity [67, 69, it was more difficult to achieve CRC in GRs located in
70], avascular root surface areas (AERSA) [5, 63] size  the mandible [73], as well as in molars and premolars
of the recession (baseline depth and width) [27, 56, 71],  [74, 75]
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It must be noted that an attempt was made to eluci-
date what baseline parameters may favor achieving CRC
in recessions in which, until now, only a partial coverage
could be achieved. Considering the characteristics of the
recessions, in the consensus report of the 10th Euro-
pean Workshop on Periodontology, it was stated that
interproximal attachment loss would not necessarily be
a prognostic limitation to obtain a successful root cov-
erage [4, 76]. As a matter of fact, a similar behavior has
been observed in GRs with no interproximal attachment
loss and in those with a loss of interproximal attach-
ment <3 mm [7]. Hence, this should not be the only
parameter to consider when trying to predict successful
coverage [8].

On the other hand, there would also be patient-related
factors, such as bad oral hygiene, poor general health
or smoking, which have been associated with negative
results when performing any periodontal surgery [54,
77]. Therefore, the same might be expected for mucog-
ingival surgery, but to our knowledge, there is no clinical
study that has assessed the influence of delayed healing
associated with certain determined systemic diseases on
root coverage. In fact, the majority of patients in these
studies usually showed good oral hygiene and general
health, and were non-smokers, so these results should
initially be extrapolated only to this kind of patients. Fur-
thermore, while the analysis at the patient level may be
more clinically relevant as it might allow assessing the
results on each surgery [6], it would also be interesting
to analyze results at recession level in order to know the
amount of coverage can be achieved with each technique
and to enable comparison between studies.

In this review, we have focused on surgical techniques,
in which many variables might also influence a success-
ful coverage, such as flap tension [78], position of the
gingival margin coronally to the CEJ after suturing [79],
root surface treatment [80], the surgeon’s skills with
root coverage improving along with surgical experience
[81, 82], which would also be reflected in the so-called
“center effect” [76, 83], the type of graft, and finally, the
thickness of the subepithelial connective tissue graft.
Although connective tissue graft is still considered as the
gold standard [8], multiple materials are being developed
in an attempt to avoid a second surgical site while achiev-
ing the same results. Concerning thickness of the autog-
enous graft, some authors advocated a graft thicker than
2 mm [50, 67] for better results of CRC. On the other
hand, other authors suggested that the thicker the graft,
the greater the difficulties it will have for its vasculariza-
tion and the worse the aesthetic results will be [84].

When the cumulative meta-analysis was performed,
better results of CRC were observed in the more recent
studies with a 12-month follow-up, regardless of the
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technique used. However, the opposite was seen when
the follow-up was longer than 12 months. Improved
knowledge, materials and techniques, such as micro-
surgery [85] may provide better results in achieving
CRC in the short term, but it seems that the ageing of
tissues, in particular changes in the thickness of the
periodontium, could generate a biological remodeling
due to long-term environmental influence [51], unlike
what would be expected at around 12 months because
of the “creeping attachment” [86] of the periodontal tis-
sues. The difficulty lies in knowing at what point this
initial maturation, which favors root coverage, begins
to age and to be detrimental to the results obtained.

In terms of the limitations of the present review, the
scarce evidence available for the treatment of Class III
[4] or RT2 [5] GRs should be highlighted, as opposed to
the existing evidence for Class I/1I [4] or RT1 [5] reces-
sions. In addition, the vast majority of the studies were
case reports or case series, so the results should be
viewed with caution since there was a high risk of bias,
in many cases due to the lack of a masked operator and
a blind examiner. It should also be considered that with
the available measuring instruments, only linear meas-
urements could be carried out, especially when trying
to assess the extent of the avascular area of a recession.
Thus, advances in digital [69] and three-dimensional
techniques could suppose a great benefit.

Also, most of the studies had a short follow-up, which
was insufficient to elucidate what will happen with CRC
in the long-term. Matter [86] postulated that “creep-
ing attachment” might happen up to one year after the
surgical intervention, which would improve the clinical
results in gingival recessions. As this has been extrap-
olated to all mucogingival techniques when treating
any type of recession, including Miller class III [4] or
RT2 [5] GRs, the percentage of CRC registered after a
year (42.07%) should not be lower than that obtained
at six months (54.88%), in contrast to what was noted
in this review. Matter [86] pointed that the stability of
the coverage was maintained after five years of follow-
up. Instead, Pini-Prato et al. [51], stated that in Miller
class III [4] or RT2 [5] GRs the stability of the CRC was
not possible after a follow-up of 20 years. It has been
suggested that different factors, such as the presence
of an attached keratinized tissue band smaller than
2 mm, the absence of interdental periodontal tissue or
ageing, might be responsible for this fact [51]. There-
fore, longer follow-ups in the same type of recessions,
assessing the healing and stability of the tissues in the
long term, could help to clarify this critical issue to
clinicians, together with collecting more clinical vari-
ables, that, as it has been observed, could influence the
results of root coverage.
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Although the surgical technique and the type of
recession influence the results of CRC, there are multi-
ple other variables that are known to condition this out-
come and that need to be investigated independently in
order to know their correlation with CRC, such as the
periodontal phenotype, absence of keratinized gingiva,
tooth location, dimension and position (tooth extru-
sion, rotation or vestibular displacement) and the pres-
ence of frenula or shallow vestibular depth.

Conclusions

Within the limits of this review, it can be stated that it
might be possible to achieve CRC, regardless of which
technique is used, but its stability is not predictable.
Nevertheless, there are many low-quality studies for
the treatment of Miller class III or RT2 recessions, with
short follow-up times. Hence, more randomized clini-
cal trials are needed, with longer follow-ups and with
several visits to assess the outcomes of the root cover-
age and the effectiveness of the surgical procedures, in
order to develop more predictable techniques and to
confirm the stability of the results achieved in Miller
class III or RT2 recessions. Moreover, studies assess-
ing the patient’s satisfaction in relation with the clinical
outcomes (mean root coverage, the state of the sur-
rounding tissues), might be necessary in order to estab-
lish success criteria in the treatment of these recessions.
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