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Abstract

Background: Tunnel technique (TUN) has recently gained popularity among clini-
cians for its promising clinical and esthetic results in treating gingival recession (GR)
defects. However, evidence regarding the efficacy of the TUN is not yet conclusive.
Therefore, the aim of the present systematic review and meta-analysis was to inves-
tigate the predictability of TUN and its comparison to the coronally advanced flap
(CAF) procedure.

Methods: A literature search on PubMed, Cochrane libraries, EMBASE, and hand-
searched journals through November 2017 was conducted to identify clinical studies
investigating TUN for root coverage procedures. Only randomized controlled trials
(RCTs) were considered for the meta-analysis comparing TUN to CAF.

Results: A total of 20 articles were included in the systematic review and six in the
meta-analysis. The overall calculated mean root coverage (mRC) of TUN for local-
ized and multiple GR defects was 82.75 + 19.7% and 87.87 + 16.45%, respectively.
Superior results were found in maxillary and in Miller Class I and IT GR defects. TUN
outcomes may have been enhanced by split-thickness flap preparation and microsur-
gical approach. TUN and CAF had comparable mRC, complete root coverage (CRC),
keratinized tissue gain, and root coverage esthetic score when varying combinations
of graft material were evaluated. However, CAF demonstrated superior outcomes to
TUN when the same graft (connective tissue or acellular dermal matrix) was used in
both techniques.

Conclusions: TUN is an effective procedure in treating localized and multiple GR
defects. Limited evidence is available comparing TUN to CAF; however, CAF seemed
to be associated with higher percentage of CRC than was TUN when the same grafts

(connective tissue or acellular dermal matrix) were used in both techniques.
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1 | INTRODUCTION

Gingival recession (GR) is defined as the apical displacement
of the gingival margin, with concomitant exposure of a por-
tion of the root surface.! The high incidence of this defect,
approximately 54% in young adults: 26-35 years and 100%
in middle-elderly adults: 36-45 years,? can be attributed to a
large variety of predisposing and precipitating factors such as
plaque-induced inflammation, traumatic tooth brushing, peri-
odontal disease, and orthodontic treatment.!:3

GR is not limited to being only an esthetic concern, it also
results in dental hypersensitivity, root caries, and plaque accu-
mulation and may even be associated with minimal to absent
keratinized tissue (KT).! GR becomes an indication for treat-
ment when esthetic appearance is compromised and/or dental
hypersensitivity presents.'

With the introduction of free gingival graft (FGG) from the
palate to the exposed root,’ other treatment modalities for cor-
recting GR have been developed. Surgical approaches, such
as guided tissue regeneration (GTR) and mucogingival pro-
cedures, have both showed great results in correcting GR.°
Among these, the coronally advanced flap (CAF) is consid-
ered the flap design of choice, especially when combined
with a connective tissue graft (CTG) and/or enamel matrix
derivatives (EMD).”-8

To meet the high esthetic demands of patients, surgical pro-
cedures that preserve the integrity of the papillae when obtain-
ing root coverage and regenerative therapy are both needed.’

Raetze was the first to use an envelope flap technique for
covering isolated gingival recessions.!? He created a partial-
thickness “envelope” that allowed for the insertion of a CTG.
After covering the previously exposed root, a cyanoacrylate
adhesive was used to stabilize the partially exposed CTG.
Later on, Allen modified this approach by creating a partial-
thickness supraperiosteal envelope to treat multiple adjacent
GR defects.!! In this approach, he undermined the corre-
sponding dental papillae to allow for more coronal move-
ment of the flap. Zabalegui et al. later coined this technique
the “tunnel” approach.'? Interestingly, no attempt in coro-
nal advancement of the envelope was described at that point,
resulting in coverage of a recession defect that was solely
dependent on the exposed portion of the CTG. In addition
to different names suggested for this technique, further mod-
ifications of the tunnel approach have been proposed.!3-16
Zuhr et al. introduced a microsurgical approach while design-
ing new instruments.'> The “coronally advanced modified
tunnel technique” proposed by Aroca et al.'*!7 comprises a
full-thickness flap elevation that carefully separates the entire
interproximal papillae from bone and places sutures sus-
pended from composite stops at teeth contact points to prevent
the flap from collapsing during healing.

The tunnel technique (TUN) has slowly gained its popu-
larity due to its associated conservative characteristics and

improved esthetic outcomes.!® Other advantages of TUN
include great blood supply and graft nutrition,!*!° quicker
healing,'>!” and reduced postoperative morbidity owing to
limited flap opening.'® The positive esthetic outcomes are
attributable to flap elevation that does not dissect the papil-
lae or require vertical releasing incisions.'*!>!° However,
despite several clinical trials having tested the TUN for the
correction of localized and/or multiple GR defects, no study
has investigated its overall predictability with regard to the
influence of recession type (single/multiple, Miller Class)
and location (maxilla/mandible) on the outcome. Similarly,
a comparison between TUN and the commonly used CAF for
root coverage has not yet been performed.!>-18-20

Therefore, this systematic review aimed to a) analyze the
predictability of TUN in localized and multiple GR defects;
b) study the impact of each procedure on different Miller GR
classifications (Classes I, IT and III); ¢) investigate factors that
influenced final mean root coverage (mRC) and complete root
coverage (CRC); and d) compare the outcomes of TUN and
CAF when used for the treatment of localized/multiple GR
defects.

2 | MATERIALS AND METHODS

2.1 | Study registration

The review protocol was registered and allocated the identi-
fication number CRD42017081178 in the PROSPERO Inter-
national Prospective Register of Systematic Reviews hosted
by the National Institute for Health Research, University of
York, Centre for Reviews and Dissemination.

2.2 | Patient, intervention, comparison,
outcome (PICO) question

This systematic review utilized the Preferred Reporting Items
Systematic review and Meta-Analyses (PRISMA) statement
and checklist,2! as well as the patient, intervention, compari-
son, outcomes (PICO) method (Figure 1).

P: Patients with localized or multiple GR defects classified
as Miller I, I, or I1I 22 or RT1 or RT2%?

I: All the recessions treated with TUN, without vertical
incisions and without the incision of the papillae

C: In the meta-analysis TUN was compared to CAF

O: mRC and CRC of TUN in the maxilla versus mandible,
in localized versus multiple GR defects and in Miller Class III
versus Classes I and II

The secondary outcomes were to investigate the factors
that may have affected mRC, CRC, and KT gain and to
compare TUN with CAF in a meta-analysis. Root coverage
esthetic score (RES)** was also investigated as tertiary
outcome.
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FIGURE 1 PRISMA flowchart

2.3 | Information sources and screening
process

Electronic and manual literature searches, conducted by two
independent reviewers (LT and AR), covered studies through
November 2017 across the National Library of Medicine
(MEDLINE by PubMed), EMBASE, and the Cochrane Oral
Health Group Trials Register (Figure 1 and Supplementary
Data S1 in online Journal of Periodontology). Additionally, a
manual search of related journals was also performed (Supple-
mentary Data S2). Finally, previous systematic reviews inves-
tigating root coverage procedures for GR were screened for
article identification (Supplementary Data S2).

2.4 | Eligibility criteria

Articles were included in this systematic review if they met
the following criteria: 1) surgical treatment of GR defect(s)
with TUN and 2) randomized controlled trial (RCT), cohort
study, case-control study, case series with at least 10 patients.
Articles were to be excluded if 1) TUN included one or more
vertical incision(s) and/or incisions of the papillae, 2) the
study included < 10 patients, 3) the study was a case report,
4) the envelope flap was not coronally advanced. Regard-
less of the various nomenclature proposed for the surgical

technique, only approaches that involved an envelope flap
preparation, maintaining the integrity of the papillae, free of
vertical incisions, and performance of a coronal advancement
to completely cover the GR defect(s), were considered a TUN
and were, thus, included.

2.5 | Data extraction

Studies were excluded by screening titles and abstracts and
full-text reading by two investigators (LT, SB) using a pre-
determined data extraction form to confirm the eligibility of
each study, based on the aforementioned criteria. The pri-
mary outcomes were mRC and CRC, and secondary outcomes
were KT gain and RES. Data were independently extracted by
two authors (LT, SB). Patient characteristics, treatments, and
clinical outcomes were registered. When clinical data were
lacking, authors of the trials were contacted. At each stage,
disagreement between reviewers was resolved through discus-
sion and consensus; if a disagreement persisted, judgment of
a third reviewer (AR) was decisive.

2.6 | Quality and risk of bias assessment

Two authors (LT, AR) independently evaluated the included
reports, using all the checklist items of the respective scales.
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The Cochrane Risk of Bias Tool for Randomized Controlled
Trials was used to evaluate randomized controlled trials
(RCTs)® and the Joanna Briggs Institute Scale for Case
Series?® provided guidelines for the assessing the risk of bias
of case-series (Supplementary Data S3).

2.7 | Statistical analysis

All analyses were performed using the metafor statistical
package?’ with the statistical software environment Rstudio.*
In summary, the weighted mean values of RC, CRC, and
KT gain were calculated according to Lipsey and Wilson.?
Regression analyses were performed using fixed-effects mod-
els, and the robust multi-array average function was used to
assess the roles of independent variables relative to the out-
comes (MRC, CRC, KT gain).

2.8 | Planned methods for meta-analysis

Six RCTs, outlining similar comparisons and outcome mea-
sures and abiding by the predetermined eligibility criteria,
were selected for the meta-analysis. Changes in the following
primary outcome measures were considered for comparison
between CAF and TUN: mRC, CRC, KT gain, and RES.

Pooled weighted mean differences (WMD) and standard
deviations (SD) for mRC and KT were calculated. For CRC
assessment, percentage values were transformed to the corre-
sponding binary outcomes, representing the number of reces-
sions that achieved CRC. Changes in RES score had to be
expressed as the average difference between baseline and
follow-up of the treated sites mentioned in each correspond-
ing article. Next, the contribution of each study was weighted
accordingly and the random effects model was selected (the
DerSimonian-Laird method), as heterogeneity between stud-
ies was assumed. Forest plots were produced to summarize
the differences in both groups. A P value of < 0.05 was deter-
mined significant. Heterogeneity among studies was assessed
with y? test and the I? statistics test according to the Cochrane
Handbook for systematic reviews.>? In the event of detected
heterogeneity, subgroup analyses of the respective studies
were performed to understand the source of discrepancies.
Funnel plots were used to visualize bias among selected pub-
lications. The reporting of these meta-analyses adheres to the
PRISMA statement (Figure 1).?!

3 | RESULTS

3.1 | Study selection

Search results based on the PRISMA guidelines are depicted
in Figure 1. Twenty articles reporting on 1181 recessions

*Rstudio Version 1.1.383, RStudio, Inc., Boston, MA

treated with TUN, with a mean follow-up of 11 months,
were included in the present systematic review (Tables 1
and 2).14-18:2030-43 Among these, six RCTs comparing CAF
to TUN!3-18.20.31.37.38 wwere considered for the meta-analysis.
Excluded articles and reasons for exclusion are reported in
Supplementary Data S4.

3.2 | Study characteristics
3.2.1 | Study design and study population

Eleven articles were RCTs!4:15:17.18,20,30,31,33,37,38.40
16,32,34-36,39,41-43

and nine
were case series.

None of the studies included patients who were smok-
ers. Five articles focused on localized GR defects,!8-30:38-40
three treated both single and multiple GR defects,!>20:43
and the remaining studies included only multiple GR
defects.!#16:17.30-35.37.41.42 Ope article treated only Miller
Class IIT GRs!7; three studies, Miller Class I, IT, and III GR
defects'®343%; and the remaining articles focused only on
Miller Classes I and IT GR defects,!415:18,20.30-33,35.37-43 The
general characteristics of the included studies are outlined in
Table 1.

3.2.2 | Type of intervention

Interventions were heterogeneous (Table 2). Two RCTs com-
pared TUN + CTG to CAF + CTG,!32% two RCTs compared
TUN + acellular dermal matrix (ADM) to CAF + ADM, 3738
one RCT compared TUN + CTG to CAF 4+ EMD, !> two RCTs
compared TUN + CTG to TUN + xenogeneic collagen matrix
(XCM),'*33 one RCT compared TUN + CTG to TUN + fas-
cia lata (FL),>° one RCT compared TUN + CTG to TUN +
CTG + EMD,'” one RCT compared TUN + ADM to TUN
+ ADM + platelet rich plasma (PRP),*’ and one RCT com-
pared TUN + CTG to CAF.3! Five case series investigated the
outcomes of TUN + CTG,!63336:3941 three compared TUN
combined with a CTG substitute,>>3*4? and one compared
TUN + EMD.*#

3.2.3 | Bias assessment

The results of bias risk assessment for the included RCTs,
using The Cochrane Risk of Bias Tool, are summarized in
Supplementary Data S5. Four articles had a low risk of
bias, 4182037 gix were considered to have a moderate risk of
bias,!3:17-31:33.38:40 and one study had a high risk of bias.3" The
results of bias risk assessment for the included case series,
using The Joanna Briggs Institute Scale for Case Series, are
summarized in Supplementary Data S6. Seven studies had a
moderate risk of bias!6-32.35.36.39.41.43 and 2 had a high risk of
bias.3*42
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TABLE 1

Study

Dembowska,
Drozdzik 2007%

Papageorgakopoulos
et al., 200838

Shepherd et al.,
20094

Aroca et al., 20107

Aroca et al., 201314

Bherwani et al.,
20143!

Sculean et al., 2014%

Zuhr et al., 20141

Chaparro et al.,
2015%

Ozenci et al., 2015%7

Vincent-Bugnas
et al., 2015%

Study design,
follow-up

Case series,
12 months

RCT,
4 months

RCT,
4 months

RCT,
split-mouth,
12 months

RCT,
split-mouth,
12 months

RCT,
6 months

Case series,

12 months

RCT,
12 months

Case series,
12 months

RCT,
12 months

Case series,
24 months

General overview of the included studies

Mean age,
patients, and
recessions (n)

Patients n = 18
Recessions
n =48

Patients n = 24
Recessions
n=24

Patients n = 18
Recessions
n=18

Patients n = 20
Recession:
n=139

Patients n = 22
Recessions
n=156

Patients n = 20
Recessions
n=75

Patients n = 16
Recessions
n=16

Patients n = 23
Recessions
n=45

Patients n = 24
Recessions
N=93

Patients n = 20
Recessions
n=>58

Patients n = 14
Recessions
n=26

Periodontal
status and
smoking habits

Healthy,
non-smoking
patients

Healthy,
non-smoking
patients

FMPS < 20%

Healthy,
non-smoking
patients

FMPS < 20%

Healthy,
non-smoking
patients

FMPS < 20%

Healthy or treated,

non-smoking
patients
FMPS < 25%

Healthy,
non-smoking
patients

Healthy,
non-smoking
patients

FMPS < 25%

FMBS < 25%

Healthy,
non-smoking
patients

FMPS < 25%

FMBS < 25%

Healthy,
non-smoking
patients

FMPS < 20%

Healthy,
non-smoking
patients

Healthy,
non-smoking
patients

Recession type

Multiple GRs
Miller Class I and 1T

Single GRs
Miller Class I and II
Recession >3 mm

Single GRs
Miller Class I or 1T
Recession >3 mm

Multiple GRs
Miller Class IIT
Recession >3 mm

Multiple GRs
(Miller Class I and II)

Multiple GRs Miller
Class I and II

Single mandibular GRs
Miller Class I and 1T
Recession >3 mm

Single and multiple
GRs

Miller Class I and II

Recession < 5 mm

Multiple GRs
Miller Class I and 1T
Recession >3 mm

Multiple GRs
Miller Class I
Recession >3 mm

Single and multiple
GRs
Miller Class I

Periodontology

Location
NR

Maxilla and
mandible

(incisor, canine,
premolar)

Maxilla and
mandible

(incisor, canine,
premolar)

Maxilla and
mandible
(incisor, canine,

premolar, molar)

Maxilla and
mandible
(incisor, canine,

premolar, molar)

Macxilla

Mandible
(incisor, canine)

Maxilla
(incisor, canine,
premolar)

Maxilla and
mandible

(incisor, canine,
premolar)

Maxilla and
mandible

(incisor, canine,
premolar)

Maxilla and
mandible

(incisor, canine,
premolar)

1079

:

Site, setting, and
funding

Poland, University,
NR

United States,
university,
partially
supported by a
company

United States,
university,
partially
supported by a
company

Hungary,
university,
self-supported

Hungary,
university,
partially
supported by a
company

India, university,
NR

Switzerland, NR

Germany, private
practice,
self-supported

Chile, private
practice, NR

Turkey, university,
self-supported

France, university,
self-supported

(Continues)
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TABLE 1 (Continued)
Study design,
Study follow-up
Azaripour et al., RCT,
2016* split-mouth,
12 months

Bednarz et al., 2016

Cieslik-Wegemund
et al., 20163

Cosgarea et al.,
20163

Nart, Valles 20163¢

Sculean et al., 2016'°

Thalmair et al.,
2016

Santamaria et al.,
2017'8

Vincent-Bugnas
et al., 201742

FMBS, full mouth bleeding score; FMPS, full mouth plaque score; GRs, gingival recession defects; NR, not reported.

RCT,
6 months

RCT,
6 months

Case series,
12 months

Case series,
mean of 20.53
months of
follow-up

Case series,
12 months

Case series,
6 months

RCT, parallel
arm,
6 months

Case series,
12 months

TAVELLI ET AL.

Mean age,
patients, and
recessions (n)

Patients n = 40
Recessions
n="71

Patients n = 30
Recessions
n=97

Patients n = 28
Recession
n= 106

Patients n = 12
Recessions
n=>54

Patients n = 15
Recessions
n=15

Patients n = 12
Recessions
n=>54

Patients n = 20
Recessions
n=63

Patients n = 42
Recessions
n=42

Patients n = 12
Recessions
n =100

Periodontal
status and
smoking habits

Healthy or treated,
non-smoking
patients

FMPS < 15%

FMBS < 15%

Healthy,
non-smoking
patients

Healthy or treated,
non-smoking
patients

Healthy,
non-smoking
patients

FMPS < 25%

Healthy or treated,
non-smoking
patients

Healthy,
non-smoking
patients

FMPS < 25%

FMBS < 25%

Healthy,
non-smoking
patients

FMPS < 25%

FMBS < 25%

Healthy,
non-smoking
patients

FMPS < 20%

FMBS < 20%

Healthy,
non-smoking
patients

Recession type

Single and Multiple
GRs

Miller Class I and 1T
Recession >1 mm
and < 6 mm

Multiple GRs Miller
Class I and II
Recession >2 mm

Multiple GRs
Miller Class I and 11

Multiple GRs

Miller Class I, IT and
11

Recession >2 mm

Single GRs

Miller Class IT and III

Recession >2 mm

Multiple maxillary
GRs

Miller Class I, II, and

1
Recession >3 mm

Multiple mandible GRs

Miller Class I and 1T
Recession >2 mm

Single GRs
Miller Class I and IT

Multiple maxillary
GRs

Miller Class I and IT

Recession >2 mm

Location

Maxilla and
mandible

(incisor, canine,
premolar, molar)

Macxilla and
mandible

(incisor, canine,
premolar, molar)

Maxilla and
mandible

(incisor, canine,
premolar, molar)

Maxilla and
mandible

(incisor, canine,
premolar)

Mandible
(incisor)

Macxilla
(incisor, canine,
premolar)

Mandible
(incisor, canine,
premolar)

Maxilla
(canine, premolar)

Maxilla
(incisor, canine,
premolar, molar)

Site, setting, and
funding

Germany,
university,
self-supported

Poland, university,
self-supported

Poland, university,
self-supported

Romania,
university,
partially
supported by a
company

Spain, private
practice,
self-supported

Switzerland, NR

Germany, private
practice,
self-supported

Brazil, university,
supported by
the government

France, NR
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TABLE 3 Mean root coverage and complete root coverage according to the type, location and Miller Class of gingival recession

Localized GRs*

Multiple GRs*

Localized maxillary GRs™

Multiple maxillary GRs*

Multiple maxillary GRs (Miller I and IT)
Localized mandibular GRs™

Localized mandibular GRs (Miller I and II)
Multiple mandibular GRs™

Multiple mandibular GRs (Miller I and II)
Miller I and II localized GRs

Miller I and II multiple GRs

Miller IIT GRs

SD, standard deviation.
*Miller Class I, II, and III are included

3.3 | Synthesis of results

To quantitatively address the review questions, data from
studies were extracted and organized into tables to condense
the overviews, intervention characteristics, clinical outcomes,
and the quality of methods and reporting. A total of 1181 GR
defects in 439 patients from 20 studies were evaluated in the
present systematic review.

The overall mRC of TUN for localized GR defects was
82.75 £+ 19.7%, while the mRC of TUN for multiple GR
defects was 87.87 + 16.45%. The CRC of TUN was lower
in localized compared with multiple GR defects (47.15% ver-
sus 57.46%, respectively). The mRC and CRC values accord-
ing to the location (maxilla/mandible), Miller Class (I and
II/IID), and type of GR defect (localized/multiple) are shown
in Table 3.

3.3.1 | Regression analysis

Linear regression analyses showed that CTG or substitutes
(ADM, FL, XCM, porcine acellular dermal matrix), recur-
sion depth = 0 (RecDepth0), papillae elevation, and suture
techniques did not influence the mRC. Maxillary GR defects,
split-thickness flaps, and a suture diameter >6-0 were sig-
nificantly associated with a greater mRC (P < 0.001). CRC
was significantly influenced by the following: RecDepthO
<2.5 mm (P < 0.05), split-thickness flap (P < 0.001), and
suture diameter >6-0 (P < 0.05). KT gain was not affected
by CTG or substitutes, RecDepthO, flap thickness, papillae
elevation, suture diameter, suture technique, or recession area
(P> 0.05).

3.3.2 | Meta-analysis

The characteristics of the six trials comparing TUN and
CAF!>-18.20.31.37.38 are depicted in Table 4. All the articles

mRC + SD (%) CRC (%)
82.75 + 19.7 47.15
87.87 + 16.45 57.46
83.08 + 17.94 43.78
88.63 + 7.08 56.7
87.48 + 8.57 58.24
82.54 + 21.22 50
84.58 + 19.11 55.81
85.88 + 27.77 61.35
88.85 + 12.38 66.36
84.58 + 19.11 50.8
89.16 + 12.38 61.88
82.11 + 25.02 37.84

reported data on mRC, CRC, and KT gain, however, only four
assessed RES.17:18:20.37 Regults for the studied outcomes and
analyses are detailed below.

Mean root coverage

Analysis of all six studies did not reveal a statistically sig-
nificant difference between the CAF and the TUN groups
for mRC. The WMD between the TUN and the CAF group
was 4.38 (95% CI -9.06, 17.83; P = 0.52). Comparison
between the articles presented considerable heterogeneity,
as represented in the funnel plot (Supplementary Data S7),
12 =93.37% (P < 0.001) (Figure 2A). Hence, a random effects
model was used for data interpolation. A subgroup analysis,
performed for studies utilizing only a CTG!32 (Supplemen-
tary Data S8), led to an insignificant WMD value of 0.44
(P = 0.44) with low heterogeneity (2= 23.7%; P = 0.25).
However, when a similar subgroup analysis was performed
for articles utilizing ADM as the choice of graft,>”-3 a statis-
tically significant difference in mRC, favoring CAF (17.99;
95% CI 12.79, 23.19) with low heterogeneity among the
results (I2 = 0%; P = 0.9), was observed (Figure 2F).

Complete root coverage

Initially, the analysis of CRC for all studies did not sta-
tistically favor either group (P = 0.3), with considerable
heterogeneity among articles (I>= 82.25%; P < 0.001)
(Figure 2B). A subgroup analysis of trials utilizing only
CTG!329 or ADM?>7-38 revealed significant P values of 0.003
and 0.0007, respectively, both in favor of CAF. This indicates
the significantly higher number of GR defects that achieved
a CRC when treated with CAF + CTG or CAF + ADM
versus TUN + CTG and TUN + ADM (Figure 2E, 2G). Low
heterogeneity was observed, with values of I? = 0% (P = 0.7)
and I? = 2% (P = 0.3), for subgroup analyses in the CTG and
ADM groups, respectively.
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TABLE 4 General characteristics and outcomes of the studies included in the meta-analysis

CTG or Patients Number of Follow-up mRC + SD CRC KT gain +
Article Group substitutes (N) recessions  (months) (%) (%) SD (mm) RES score
Azaripour et al. 2016 CAF CTG 20 29 12 983 + 92 96.6 036 + 06 93+ 13
Bherwani et al. 2014 3! CAF / 10 39 6 89.3 +145 825 0.57 +£ 0.5 NR
Ozenci et al. 20157 CAF ADM 10 27 12 93.8 + 13.1 85 125 + 024 89 + 1.6
Papageorgakopoulos CAF ADM 12 12 4 95 + 10 75 0.8 + 0.7 NR
et al. 200838
Santamaria et al. 2017' CAF CTG 21 21 6 872 +27.1 714 1+09 84«15
Zuhr et al. 201413 CAF EMD 14 22 12 71.8 + 203 214 -0.34 + 0.51 6.92 + 2.32
Azaripour et al. 20162 TUN CTG 20 42 12 973 + 7.6 88.1 048 + 06 93 + 1.1
Bherwani et al. 2014 3! TUN CTG 10 36 6 80 + 154 714 034 + 0.77 NR
Ozenci et al. 20157 TUN ADM 10 31 12 757 £ 65 374 087 +£ 042 73 + 1.25
Papageorgakopoulos TUN ADM 12 12 4 78 £ 29 50 06 =05 NR
et al. 200838
Santamaria et al. 2017'® TUN CTG 21 21 6 774 + 204 28.6 14+13 78+ 19
Zuhr et al. 20141 TUN CTG 14 23 12 984 + 36 78.6 0.62 + 0.839.06 + 0.83

NR, not reported; SD, standard deviation.

Keratinized tissue gain

There was no significant difference in change in KT for TUN
versus CAF. The WMD between the two groups was —0.09
(95% CI1-0.50, 0.32; P = 0.6) when all articles were analyzed
and -0.16 (95% C1-0.42,0.10; P = 0.2) when only the two tri-
als using a CTG were assessed'®?? (Supplementary Data S8).
The former comparison yielded a considerable heterogeneity
(I2 = 89%; P < 0.001), while the latter presented low hetero-
geneity (I> = 0%; P = 0.4). When a subgroup analysis was
performed for studies only with ADM grafting material,3’-38
a significant difference in KT was observed in favor of CAF
(0.36;95% C10.20, 0.52; P < 0.001]) with low heterogeneity
(I> = 0%; P = 0.4) (Figure 2H).

Root coverage esthetic score (RES)

Only 4 studies compared change in RES.!>18:20.37 Apalyses
demonstrated no significant differences among studies
comparing TUN and CAF (P = 0.9) (Figure 2D). How-
ever, considerable heterogeneity was noted among the four
included studies (I = 91.32%; P < 0.001). When a subgroup
analysis for the articles with only CTG was performed,'®2°
no statistically significant difference, with regard to RES, was
observed (P = 0.4), with low heterogeneity (Supplementary
S8).

Meta-regression analyses demonstrated that single ver-
sus multiple recession treatment, the location of the treated
GR defect (maxilla/mandible), study setting (private prac-
tice/university setting), and follow-up period (4, 6, or 12
months) had no significant effect (P > 0.05) on the demon-
strated results of the performed meta-analysis.

4 | DISCUSSION

Although several systematic reviews have already assessed
the predictability of root coverage procedures,®** evidence
regarding the efficacy of the TUN is not yet conclusive. One
reason may be the limited number of RCTs available to be
included in previous periodontal plastic surgery reviews*-46;
another plausible reason is the exclusion of this technique
from the meta-analysis.M’46 Therefore, the effectiveness
of TUN, as well as its comparison with other traditional
procedures, has yet to be determined.* Recently, new trials
have explored TUN for root coverage procedures,'®20-33
some of which primarily focused on comparing TUN to
CAF.'320 The present systematic review considered both
randomized and non-randomized trials in the evaluation
of the overall predictability of TUN; however, only RCTs
that investigated whether TUN was superior to CAF were
included in the meta-analyses.

TUN was found to be a highly effective procedure in treat-
ing GR defects, exhibiting an overall mRC of 82.8% for sin-
gle and 87.9% for multiple GR defects, in addition to a CRC
of 47.2% and 57.5% for single and multiple GR defects,
respectively. Despite the limited number of studies compar-
ing TUN in single and multiple GR defects,’>?? a possible
explanation for the higher values for multiple GR defects may
be the less-challenging nature of gaining flap mobility with
larger flaps, as is the case with treating multiple versus sin-
gle GR defects. This is no surprise, as it has been one of the
main challenges of TUN.!> The greater extension of the flap
in multiple GR defects facilitates its passive displacement and
suturing at a coronal position. In single GR defects, minimal
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FIGURE 2 Meta-analysis comparing TUN and CAF with respect to (A) mRC, (B) CRC, (C) KT gain, and (D) RES; (E) Subanalysis comparing
CRC of TUN + CTG to CAF + CTG; (F) Subanalysis comparing mRC of TUN 4+ ADM to CAF + ADM; (G) Subanalysis comparing CRC of TUN
+ ADM to CAF + ADM; (H) Subanalysis comparing KT gain of TUN + ADM to CAF + ADM

flap extension may limit flap mobility, reducing the chances
of achieving CRC.!3 For this reason, when treating single GR
defects, Zuhr et al. suggested leaving a small portion of the
CTG exposed, discouraging the use of TUN for single GR
defects deeper than 5 mm.!5 This is in agreement with our
findings, showing a positive correlation between shallow GR
defects and a greater incidence of CRC.

In terms of mRC and CRC, our results also demonstrate
that TUN was more effective in treating maxillary and Miller

Class I and II GR defects. Positive clinical outcomes for
treating maxillary GR defects with a CAF have previously
been reported.*’*® Similar to the findings of this review,
De Sanctis and Clementini also referred to tooth location
being a critical factor for success, particularly pertaining to
mRC and CRC.* It can be speculated that high muscle pull,
together with a shallow vestibule (a typical characteristic of
mandibular teeth) may play a key role in preventing com-
plete resolution of GR defects.!>? Similarly, interproximal
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attachment loss has always been considered a key factor for
final root coverage,*’ as it is the basis for the two main GR
classifications.?>%3

Ever since the introduction of TUN, several modifications
have been proposed to improve the technique. These modifica-
tions have altered factors such as full- or split-thickness flap
preparations, papillae elevation, suturing technique, and the
use of microsurgical approaches,'>!7-3% however, the extent to
which outcomes of TUN may be improved remains unclear.

Flap preparation, whether full or split thickness, is contro-
versial in the literature.> Although TUN was initially pro-
posed as a split-thickness approach to facilitate flap mobil-
ity and sufficient advancement,'>!? the risk of flap tearing
and the documented correlation between a thicker flap and
a higher probability of CRC*’! has led some authors to
perform a full-thickness TUN.!437-39 In contrast, Zuhr et al.
claimed that a split-thickness TUN may impart beneficial
effects on CTG survival, ensuring enhanced blood supply.'
Regression analysis shows significantly greater mRC and
CRC values when a split-thickness TUN has been performed.
Rebele et al. demonstrated that postoperative marginal gin-
gival thickness can be a relevant prognostic factor for root
coverage procedures, and that use of a CTG is a predictable
approach in increasing this aspect.’> Hence, it may be deduced
that a split-thickness TUN with adequate blood supply to the
CTG'315 could lead to increased marginal soft-tissue thick-
ness and progressive coronal improvement of the gingival
margin level over time.>?

Other modifications to TUN, such as papillae detach-
ment and elevation'*33 or the addition of composite stops
between contact points preventing the collapse of sus-
pended sutures,'**! were not associated with improved out-
comes. Meanwhile, positive correlations between 6-0 and 7-0
(smaller diameters than 5-0) suture diameters and mRC and
CRC were observed. It is reasonable to assume that smaller-
diameter sutures (6-0 and 7-0) were used in microsurgical
surgeries. Performing surgeries under optical magnification,
allowing for more careful soft-tissue manipulation and better
wound closure, has been identified by several authors as one
of the main reasons for their pleasing results.'>?

Due to limited data, the possible influence of a covered or
partially uncovered graft could not be investigated. However,
it has been suggested that minimal exposure of a CTG may
aid not only in achieving CRC, but also a harmonious gingi-
val margin.!> The survival of the exposed portion of a CTG,
however, is only possible if a minimum ratio of 11:1 between
the covered and uncovered area is used.>* When using XCM
or ADM instead of a CTG, it was suggested that the graft be
completely covered.!*37 When investigating the effect of a
grafted material on mRC, CRC, and KT gain, linear regression
showed no differences between CTGs and CTG substitutes.
Despite numerous beneficial effects of a CTG, such as induc-
ing differentiation of the overlying epithelial layers®> and

providing greater mRC and CRC compared to a flap
alone,*3 the main advantage of a graft beneath the flap may be
the “scaffold effect” that promotes wound healing, with favor-
able thickening of the gingiva.**>2 It is worth mentioning that
some authors who investigated the efficacy of CTG substi-
tutes found comparable results with the gold standard, CTG,
itself ¢

To the best of our knowledge, no meta-analysis has yet
compared TUN to CAF. In light of this, the results of the
present review will contribute to the literature. This meta-
analysis shows comparable results between TUN and CAF,
in terms of mRC, CRC, KT gain, and RES, when all arti-
cles with varying grafting materials were analyzed. Five arti-
cles included in the meta-analysis reported better mRC and
CRC outcomes for CAF,!8-20-31.37.38 while Zuhr et al. reported
results in the opposite direction, favoring TUN.! The “center
effect”’ and operator expertise in sensitive procedures such
as mucogingival surgeries'> may explain the visible hetero-
geneity in the results achieved by different clinicians. More-
over, as demonstrated by our own analysis, a microsurgical
approach and a split-thickness flap preparation may have con-
tributed to the superior outcomes of TUN reported by Zuhr
etal.!?

On the other hand, subgroup analyses revealed that when
a CTG was used in combination with TUN or CAF, a sig-
nificantly higher CRC in favor of CAF was noted. Compara-
bly, CAF + ADM was related to superior mRC, CRC, and KT
gain compared to TUN + ADM. The superior outcomes of
a CAF can be attributed to its main advantages that include
1) the use of vertical releasing incisions, 2) increased access,
which facilitates periosteal dissection, and 3) the possibility
of performing a split-full-split thickness flap preparation.'®
In addition, a modified CAF design, with oblique incisions
at the papillae while avoiding vertical releasing incisions, has
been proposed by Zucchelli et al. for the treatment of mul-
tiple GR defects.”® However, keloid formation and papillae
scarring are common findings with CAF, whether for the
correction of single or multiple GR defects.!>® Tt has been
reported that by avoiding vertical incisions and maintaining
the papillae intact, TUN can prevent keloid formation.?? Nev-
ertheless, despite esthetics being considered one of the main
advantages of TUN,!*!1513 this meta-analysis failed to con-
firm a superior RES for TUN versus CAF. This lack of differ-
ence can be attributed to the fact that 60% of the RES value
is affected by CRC (found to be higher in the CAF group),
while the remaining 40% is a result of other factors, such as
marginal contour, presence of keloid formation, position of
the mucogingival junction, and soft-tissue contour.* How-
ever, several studies have reported the superiority of TUN
for gingival contour, the absence of keloid formation, and tis-
sue texture.!337 All these factors can play an integral role,
owing to CRC alone no longer being the sole goal of therapy,
but added factors like gingival margin contour, chromatic and
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texture integration of soft tissue, and lack of scar tissue for-
mation possessing equal importance when root coverage pro-
cedures are discussed.!>7

The authors are aware of the limitations of the present sys-
tematic review. The center effect and the limited reliability
of case series are two limitations worth mention, as demon-
strated by Clauser et al., where CRC was more frequently
obtained in non-RCTs than in RCTs. The authors speculate
that the main reason may be the progressive learning curve
of the operator in case series.”® This meta-analysis compar-
ing TUN to CAF is based on a limited number of articles and
high rates of heterogeneity among their results, preventing a
definitive conclusion; nevertheless, CAF seems to be associ-
ated with a superior CRC compared to TUN.

S | CONCLUSIONS

Considering the limitations of the present review, it can be
concluded that TUN is highly effective in treating local-
ized/multiple GR defects. However, CAF seems to be associ-
ated with higher percentage of CRC than was TUN when the
same grafts (connective tissue or ADM) were used in both
techniques. Technique modifications, such as split-thickness
flap preparation and a microsurgical approach, may enhance
final outcomes.

5.1 | Indications for further research

e Increase the number of RCTs that are based on the CON-
SORT guidelines

e New RCTs that compare TUN and CAF, with a minimum
1-year follow-up period

e New multicenter RCTs that compare TUN and CAF, to
assess the influence of the center effect

o New RCT comparing TUN and CAF without graft material
or biologic agents

e Increase the number of RCTs that evaluate RES, postoper-
ative pain, patient satisfaction, and interference with daily
activity and social life

o RCT reporting the number of patients, and the GR defects
treated, as well as the SD for each result provided

5.2 | Implications for clinicians

Clinicians should be aware that TUN is a highly effective peri-
odontal plastic procedure for the treatment of single and mul-
tiple GR defects. Its limitations are mainly related to surgical
indications in the lower arch, areas with interproximal attach-
ment loss (Miller Class III or RT2), localized GR defects, and
operator expertise.

TUN outcomes may benefit from a split-thickness flap
preparation and a microsurgical approach, and although lim-
ited evidence is available regarding the best grafting material
to combine with TUN, the addition of a graft material is rec-
ommended. Finally, in spite of operator expertise playing a
key role in the final results, CAF seemed to provide greater
mRC and CRC than did TUN.

ACKNOWLEDGMENTS

This paper was partially supported by the University of
Michigan Periodontal Graduate Student Research Fund.
The authors would like to thank Dr. Rebele (Private Office
Hurzeler/Zuhr, Munich; Department of Operative Den-
tistry and Periodontology, University School of Dentistry,
Albert-Ludwigs-University, Freiburg, Germany) and Dr.
Zuhr (Private Office Hurzeler/Zuhr, Munich; Department of
Periodontology, Center for Dental, Oral and Maxillofacial
Medicine, Johann Wolfgang Goethe-University, Frank-
furt/Main) for providing the additional data on the exact
number of GRs treated with TUN. The authors do not have
any financial interests, either directly or indirectly, in the
products or information listed in the paper. This paper was
partially supported by the University of Michigan Periodontal
Graduate Student Research Fund.

REFERENCES

1. Zucchelli G, Mounssif I. Periodontal plastic surgery. Periodontol
2000. 2015;68:333-368.

2. Gorman WJ. Prevalence and etiology of gingival recession. J Peri-
odontol. 1967;38:316-322.

3. Cairo F. Periodontal plastic surgery of gingival recessions at single
and multiple teeth. Periodontol 2000. 2017;75:296-316.

4. Chambrone L, Tatakis DN. Periodontal soft tissue root coverage
procedures: a systematic review from the AAP regeneration work-
shop. J Periodontol. 2015;86:S8-51.

5. Sullivan HC, Atkins JH. Free autogenous gingival grafts. 3. Utiliza-
tion of grafts in the treatment of gingival recession. Periodontics.
1968;6:152-160.

6. Roccuzzo M, Bunino M, Needleman I, Sanz M. Periodontal plastic
surgery for treatment of localized gingival recessions: a systematic
review. J Clin Periodontol. 2002;29(Suppl 3):178-194. discussion
195-176.

7. Cairo F, Pagliaro U, Nieri M. Treatment of gingival recession with
coronally advanced flap procedures: a systematic review. J Clin
Periodontol. 2008;35:136-162.

8. Cairo F, Nieri M, Pagliaro U. Efficacy of periodontal plastic surgery
procedures in the treatment of localized facial gingival recessions.
A systematic review. J Clin Periodontol. 2014;41:S44-62. Suppl
15.

9. Aslan S, Buduneli N, Cortellini P. Entire papilla preservation tech-
nique in the regenerative treatment of deep intrabony defects: 1-Year
results. J Clin Periodontol. 2017;44:926-932.



TAVELLI ET AL.

JOURNAL OF
1089

:

Periodontology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Raetzke PB. Covering localized areas of root exposure employing
the “envelope” technique. J Periodontol. 1985;56:397-402.

Allen AL. Use of the supraperiosteal envelope in soft tissue grafting
for root coverage. II. Clinical results. Int J Periodontics Restorative
Dent. 1994;14:302-315.

Zabalegui I, Sicilia A, Cambra J, Gil J, Sanz M. Treatment of mul-
tiple adjacent gingival recessions with the tunnel subepithelial con-
nective tissue graft: a clinical report. Int J Periodontics Restorative
Dent. 1999;19:199-206.

Zuhr O, Fickl S, Wachtel H, Bolz W, Hurzeler MB. Covering of
gingival recessions with a modified microsurgical tunnel technique:
case report. Int J Periodontics Restorative Dent. 2007;27:457—
463.

Aroca S, Molnar B, Windisch P, et al. Treatment of multiple adja-
cent Miller class I and II gingival recessions with a Modified Coro-
nally 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.

Zuhr O, Rebele SF, Schneider D, Jung RE, Hurzeler MB. Tunnel
technique with connective tissue graft versus coronally advanced
flap with enamel matrix derivative for root coverage: a RCT using
3D digital measuring methods. Part I. Clinical and patient-centred
outcomes. J Clin Periodontol. 2014;41:582-592.

Sculean A, Cosgarea R, Stahli A, et al. Treatment of multi-
ple adjacent maxillary Miller Class I, II, and III gingival reces-
sions with the modified coronally advanced tunnel, enamel matrix
derivative, and subepithelial connective tissue graft: a report of 12
cases. Quintessence Int. 2016;47:653-659.

Aroca S, Keglevich T, Nikolidakis D, et al. Treatment of class
III multiple gingival recessions: a randomized-clinical trial. J Clin
Periodontol. 2010;37:88-97.

Santamaria MP, Neves F, Silveira CA, et al. Connective tissue graft
and tunnel or trapezoidal flap for the treatment of single maxillary
gingival recessions: a randomized clinical trial. J Clin Periodontol.
2017;44:540-547.

Allen AL. Use of the supraperiosteal envelope in soft tissue graft-
ing for root coverage. 1. Rationale and technique. Int J Periodontics
Restorative Dent. 1994;14:216-227.

Azaripour A, Kissinger M, Farina VS, et al. Root coverage with
connective tissue graft associated with coronally advanced flap or
tunnel technique: a randomized, double-blind, mono-centre clinical
trial. J Clin Periodontol. 2016;43:1142-1150.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. J Clin Epidemiol. 2009;62:1006—
1012.

Miller PD Jr. A classification of marginal tissue recession. Int J Peri-
odontics Restorative Dent. 1985;5:8—13.

Cairo F, Nieri M, Cincinelli S, Mervelt J, Pagliaro U. The inter-
proximal clinical attachment level to classify gingival recessions
and predict root coverage outcomes: an explorative and reliability
study. J Clin Periodontol. 2011;38:661-666.

Cairo F, Rotundo R, Miller PD, Pini Prato GP. Root coverage
esthetic score: a system to evaluate the esthetic outcome of the
treatment of gingival recession through evaluation of clinical cases.
J Periodontol. 2009;80:705-710.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collab-
oration's tool for assessing risk of bias in randomised trials. BMJ.
2011;343:d5928.

Moola S, Munn Z, Tufaranu C. Systematic reviews of etiology
and risk. In: Aromataris E, Munn Z, eds. Joanna Briggs Institute
Reviewer's Manual. Adelaide: The Joanna Briggs Institute; 2017.

Viechtbauer W. Conducting meta-analyses in R with the metafor
package. Journal of Statistical Software. 2010;36:1-48.

Lipsey MW, Wilson DB. Practical meta-analysis. Thousand Oaks,
CA: Sage; 2001.

Higgins JPT, Green S, Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 [updated March 2011 J: The Cochrane
Collaboration; 2011.

Bednarz W, Zurek J, Gedrange T, Dominiak M. A preliminary
clinical comparison of the use of fascia lata allograft and autoge-
nous connective tissue graft in multiple gingival recession coverage
based on the tunnel technique. Adv Clin Exp Med. 2016;25:587—
598.

Bherwani C, Kulloli A, Kathariya R, et al. Zucchelli's technique
or tunnel technique with subepithelial connective tissue graft for
treatment of multiple gingival recessions. J Int Acad Periodontol.
2014;16:34-42.

Chaparro A, De la Fuente M, Albers D, et al. Root Coverage of
Multiple Miller Class I and II Recession Defects Using Acellular
Dermal Matrix and Tunneling Technique in Maxilla and Mandible:
a l-Year Report. Int J Periodontics Restorative Dent. 2015;35:
639-645.

Cieslik-Wegemund M, Wierucka-Mlynarczyk B, Tanasiewicz M,
Gilowski L. Tunnel technique with collagen matrix compared with
connective tissue graft for treatment of periodontal recession: a ran-
domized clinical trial. J Periodontol. 2016;87:1436-1443.

Cosgarea R, Juncar R, Arweiler N, Lascu L, Sculean A. Clinical
evaluation of a porcine acellular dermal matrix for the treatment of
multiple adjacent class I, II, and III gingival recessions using the
modified coronally advanced tunnel technique. Quintessence Int.
2016;47:739-747.

Dembowska E, Drozdzik A. Subepithelial connective tissue graft
in the treatment of multiple gingival recession. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2007;104:e1-7.

Nart J, Valles C. Subepithelial connective tissue graft in combina-
tion with a tunnel technique for the treatment of miller class ii and
iii gingival recessions in mandibular incisors: clinical and esthetic
results. Int J Periodontics Restorative Dent. 2016;36:591-598.

Ozenci I, Ipci SD, Cakar G, Yilmaz S. Tunnel technique ver-
sus coronally advanced flap with acellular dermal matrix graft in
the treatment of multiple gingival recessions. J Clin Periodontol.
2015:42:1135-1142.

Papageorgakopoulos G, Greenwell H, Hill M, Vidal R, Scheetz
JP. Root coverage using acellular dermal matrix and comparing a
coronally positioned tunnel to a coronally positioned flap approach.
J Periodontol. 2008;79:1022-1030.

Sculean A, Cosgarea R, Stahli A, et al. The modified coronally
advanced tunnel combined with an enamel matrix derivative and
subepithelial connective tissue graft for the treatment of isolated
mandibular Miller Class I and II gingival recessions: a report of
16 cases. Quintessence Int. 2014;45:829-835.



1090

40.

41.

42.

43.

44.
45.
46.
47.

48.

49.
50.

51.

52.

JOURNAL OF

Periodontology

TAVELLI ET AL.

i
Shepherd N, Greenwell H, Hill M, Vidal R, Scheetz JP. Root cover-
age using acellular dermal matrix and comparing a coronally posi-

tioned tunnel with and without platelet-rich plasma: a pilot study in
humans. J Periodontol. 2009;80:397—404.

Thalmair T, Fickl S, Wachtel H. Coverage of multiple mandibular
gingival recessions using tunnel technique with connective tissue
graft: a prospective case series. Int J Periodontics Restorative Dent.
2016;36:859-867.

Vincent-Bugnas S, Borie G, Charbit Y. Treatment of multiple max-
illary adjacent class I and II gingival recessions with modified
coronally advanced tunnel and a new xenogeneic acellular dermal
matrix. J Esthet Restor Dent. 2018;30:89-95.

Vincent-Bugnas S, Charbit Y, Lamure J, Mahler P, Dard MM. Mod-
ified tunnel technique combined with enamel matrix derivative: a
minimally invasive treatment for single or multiple class i recession
defects. J Esthet Restor Dent. 2015;27:145-154.

Graziani F, Gennai S, Roldan S, et al. Efficacy of periodontal plastic
procedures in the treatment of multiple gingival recessions. J Clin
Periodontol. 2014;41(Suppl 15):S63-76.

Chambrone L, Sukekava F, Araujo MG, et al. Root coverage
procedures for the treatment of localised recession-type defects.
Cochrane Database Syst Rev. 2009:CD007161.

Cairo F, Pagliaro U, Buti J, et al. Root coverage procedures improve
patient aesthetics. A systematic review and Bayesian network meta-
analysis. J Clin Periodontol. 2016;43:965-975.

Huang LH, Neiva RE, Wang HL. Factors affecting the outcomes
of coronally advanced flap root coverage procedure. J Periodontol.
2005;76:1729-1734.

Del Pizzo M, Zucchelli G, Modica F, Villa R, Debernardi C. Coro-
nally advanced flap with or without enamel matrix derivative for
root coverage: a 2-year study. J Clin Periodontol. 2005;32:1181—
1187.

de Sanctis M ClementiniM. Flap approaches in plastic periodon-
tal and implant surgery: critical elements in design and execution.
J Clin Periodontol. 2014;41(Suppl 15):S108-122.

de Sanctis M ZucchelliG. Coronally advanced flap: a modified
surgical approach for isolated recession-type defects: three-year
results. J Clin Periodontol. 2007;34:262-268.

Baldi C, Pini-Prato G, Pagliaro U, et al. Coronally advanced flap
procedure for root coverage. Is flap thickness a relevant predic-
tor to achieve root coverage? A 19-case series. J Periodontol.
1999;70:1077-1084.

Rebele SF, Zuhr O, Schneider D, Jung RE, Hurzeler MB. Tunnel
technique with connective tissue graft versus coronally advanced
flap with enamel matrix derivative for root coverage: a RCT using
3D digital measuring methods. Part II. Volumetric studies on
healing dynamics and gingival dimensions. J Clin Periodontol.
2014:41:593-603.

53.

54.

55.

56.

57.

58.

59.

60.

Pini-Prato GP, Cairo F, Nieri M, Franceschi D, Rotundo R,
Cortellini P. Coronally advanced flap versus connective tissue graft
in the treatment of multiple gingival recessions: a split-mouth study
with a 5-year follow-up. J Clin Periodontol. 2010;37:644—650.

Yotnuengnit P, Promsudthi A, Teparat T, Laohapand P,
Yuwaprecha W. Relative connective tissue graft size affects
root coverage treatment outcome in the envelope procedure.

J Periodontol. 2004;75:886—-892.

Karring T, Lang NP, Loe H. The role of gingival connective tis-
sue in determining epithelial differentiation. J Periodontal Res.
1975;10:1-11.

McGuire MK, Scheyer ET. Xenogeneic collagen matrix with
coronally advanced flap compared to connective tissue with
coronally advanced flap for the treatment of dehiscence-type reces-
sion defects. J Periodontol. 2010;81:1108-1117.

Cortellini P, Pini Prato G. Coronally advanced flap and combina-
tion therapy for root coverage. Clinical strategies based on scien-
tific evidence and clinical experience. Periodontol 2000. 2012;59:
158-184.

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 randomized
clinical trial. J Periodontol. 2009;80:1083-1094.

Clauser C, Nieri M, Franceschi D, Pagliaro U, Pini-Prato G.
Evidence-based mucogingival therapy. Part 2: ordinary and indi-
vidual patient data meta-analyses of surgical treatment of recession
using complete root coverage as the outcome variable. J Periodon-
tol. 2003;74:741-756.

Bednarz W, Zurek J, Gedrange T, Dominiak MA. Preliminary clin-
ical comparison of the use of fascia lata allograft and autoge-
nous connective tissue graft in multiple gingival recession cover-
age based on the tunnel technique. Adv Clin Exp Med. 2016;25:
587-598.

SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

How to cite this article: Tavelli L, Barootchi S,
Nguyen TV, Tattan M, Ravida A, Wang H-L. Effi-
cacy of tunnel technique in the treatment of localized
and multiple gingival recessions: A systematic review
and meta-analysis. J Periodontol. 2018;89:1075-1090.
https://doi.org/10.1002/JPER.18-0066



https://doi.org/10.1002/JPER.18-0066

