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Objective. We systematically assessed the efficacy of tunnel technique (TUN) vs. coronally advanced flap (CAF) in the management
of multiple gingival recession defects in adults. Methods. Five databases were searched until September 2021 for randomized
controlled trials (RCTs) assessing TUN vs. CAF; grafts of interest were acellular dermal matrix (ADM) and connective tissue graft
(CTQG). Primary outcomes were root coverage (RC) and complete root coverage (CRC). Secondary outcomes were clinical attach-
ment level (CAL), keratinized tissue width (KTW), probing depth (PD), and recession coverage (REC). Effect measures were risk
ratio (RR) or mean difference (MD) with their confidence intervals (95% CI). Inverse variance methods and random-effects model
meta-analyses were used. Subgroup analyses by the type of graft were performed. Quality of evidence was assessed using GRADE
methodology. Results. Five RCTs (n=173) were included, with a follow-up of 6 months for all outcomes. In comparison to CAF,
TUN did not significantly reduce CRC (RR 0.65; 95% CI 0.002-176.7; p = 0.51) and did not increase RC (MD 0.99%; 95% CI —6.7 to
8.6; p = 0.80). In comparison to CAF, TUN showed no significant reduction of secondary outcomes. Subgroup analyses by type of
graft showed no differences in comparison to primary analyses for primary and secondary outcomes. Three RCTs had a high risk of
bias, and five RCTs had very low quality of evidence for all outcomes. Conclusions. In adults with gingival recessions, TUN had
similar primary and secondary outcomes in comparison with CAF. Subgroup analyses by the type of graft did not affect main
conclusions. More RCTs with better design are needed to further characterize the effects of TUN vs. CAF in the treatment of multiple
gingival recession defects.

1. Introduction

Gingival recessions (GRs) are atrophic periodontal changes,
and about 6 out of 10 young adults develop them [1]. These
GRs show root surfaces partially or completely without evi-
dence of an active inflammatory process [2]. Some of their risk
factors are smoking, oral piercings, gingival inflammation, and
frequent tooth brushing [3]. Although GRs usually generate an
esthetic problem, they have been associated with dentine
hypersensitivity, caries, cervical wear, and accumulation of

dental plaque [3]. A study estimated that 58% of US adults
have GRs <1 mm in male and the elderly [4]; however,
in South American countries such as Brazil and Peru, GRs are
even more frequent: 83% and 73% of adults, respectively [5].
Coronally advanced flap (CAF) is a traditional surgical
procedure designed to achieve complete root coverage (RC)
on single or multiple, continuous, or adjacent GRs [6]. This
technique consists of two oblique incisions, begins from the
distal and medial sides of the compromised teeth, and is pro-
jected to the alveolar mucosa. The flap has a split-thickness
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approach which is made to respect gingival and hard tissue
[7]. However, another GR treatment is the newest tunnel
technique (TUN), which is a minimally invasive procedure
with no requirement of performing any vertical releasing inci-
sions and leaves the interdental papillae intact [8]. TUN is
designed to treat multiple and large GR that are usually found
in the jaws where RC is difficult to obtain. In addition, TUN
helps to maintain an adequate and constant blood irrigation
in order to ensure an excellent adaptation of the graft in the
receiving area [9].

Both RC techniques can use different types of grafts. One
of the most used is connective tissue graft (CTG), which is
considered as a gold standard for increasing keratinized soft
tissue gums; its main disadvantage is that it requires a donor
area and may have postsurgical complications [10]. Another
type of graft is acellular dermal matrix (ADM), a specific type
of CTG that is obtained through a decellularization mecha-
nism to preserve the extracellular matrix. Generally, this type
of graft serves as a scaffold for cells to proliferate and thus
favors postsurgical revascularization [11-18].

For instance, a previous meta-analysis performed by
Tavelli et al. [12] evaluated the efficacy of TUN compared
to CAF in randomized controlled trials (RCTs). The authors
included six RCTs in their meta-analysis and concluded that
CAF showed superior outcomes such as complete RC and
keratinized tissue width in comparison to TUN when the
same graft (CTG or ADM) was used.

We systematically assessed the efficacy of TUN vs. CAF
with two different grafts (ADM or CTG) in the treatment of
multiple GR defects.

2. Materials and Methods

The protocol of the systematic review has been previously sub-
mitted in PROSPERO (CRD42019145355). We reported our
study in accordance with the PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analysis) guidelines [13].

2.1. Search of Studies. We searched in Web of Science,
Medline-Ovid, PubMed, Scopus, and Embase until September
18, 2021. There were no language restrictions. The search
strategy was adapted for each database and are available in
Supplementry Materials.

2.2. Eligibility Criteria. We selected RCTs evaluating adults
with multiple GRs of Miller Class I, II, and III and assessed
the comparison of TUN vs. CAF for RC on outcomes at 3, 6,
and 12 months after baseline. On the other hand, grafts of
interest were ADM or CTG. Besides, cohort studies, case
reports, narrative reviews, and meta-analysis were excluded.

2.3. Outcomes. Primary outcomes were complete root coverage
(CRC, dichotomous, defined as gingiva position at the cervical
level of the teeth measured as yes/no), and root coverage
(RC, continuous, measured in mean of % of the RC after the
clinical procedures). Secondary outcomes were clinical attach-
ment level (CAL, distance from the cement—enamel junction
(CE)) to the gingival margin (GM), measured in mm), kerati-
nized tissue width (KTW) (measured in mm of dimension of
thickness of the keratinized gingiva), probing depth (PD)
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(measured in millimeters of the dimension of the depth in
the moment of the periodontal evaluation with a periodontal
probe), and recession coverage (REC) (measured in millimeters
of the dimension of the REC using periodontal probe). Author
definitions described in each RCTs were used.

2.4. Selection of Studies. Two authors (JJB, FMT) indepen-
dently assessed available records according to the inclusion
and exclusion criteria and selected by the title, keywords, and
abstract of reports identified through electronic searching.
Then, full-text articles were evaluated. Remaining discrepan-
cies were discussed with the fourth author (AVH).

2.5. Data Extraction and Management. Data were indepen-
dently extracted by two authors (JJB, FMT). We used an
extraction format designed according to the data and char-
acteristics related to the included studies. All discrepancies
were resolved by consensus with the fourth author (AVH).
We decided not to include in the analysis data from studies
in which the information was incomplete, and we contacted
the corresponding study authors to provide appropriate clar-
ification. We extracted per study the following variables: first
author, year, trial phase, country, number of participants
overall and per intervention arm, type of intervention and
control and relevant details, and primary and secondary out-
comes per intervention arm.

2.6. Risk of Bias Assessment. The 2019 Cochrane risk of bias
(RoB) tool 2.0 tool was used to assess RoB per RCT [14]. This
tool evaluates five domains of bias: randomization process,
deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the
reported result. Each domain and each RCT were rated as
having low RoB, high RoB, or some concerns of bias. RoB
assessment was performed independently by two authors
(JJB and FMT), and discrepancies were resolved by discus-
sion with the fourth author (AVH).

2.7. Statistical Analysis. Effects were described as mean
differences (MD) for continuous outcomes and relative risks
(RR) for dichotomous outcomes, with their confidence inter-
vals (95% ClIs). Inverse variance method and random effects
model were used to assess the effects of TUN vs. CAF on
primary and secondary outcomes. The between-study variance
was estimated using the Paule-Mandel method. Heterogeneity
of effects among RCTs was described with the I” statistic, with
the following degrees: 0%—30% (low), 30%—60% (moderate),
and >60% (high). We performed subgroup analyses by type of
graft (ADM vs. CTG) for primary and secondary outcomes.
The metabin and metacont functions of the meta library of
R 3.5.1 (https://www.r-project.org) were used for all analyses;
Pp<0.05 was considered statistically significant [15].

We also used the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE) methodol-
ogy evaluate the quality of evidence (QoE) per outcome
[16]. Five aspects were evaluated per outcome: RoB, indirect-
ness, imprecision, inconsistency, and publication bias; the QoE
was classified as high, moderate, low, and very low. QoE was
described in summary of finginds (SoF) tables; GRADEpro
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 4)
Registers (n = 237)

Records removed before screening:
Duplicate records (n = 59)

» Records marked as ineligible by automation
tools (n = 0)
Records removed for other reasons (n = 0)

Records screened (n = 178)

A 4

Records excluded (n = 171)

A 4

Reports sought for retrieval (n =7)

» Reports not retrieved (n = 0)

A 4

Reports assessed for eligibility (n = 7)

Reports excluded:

v

Other intervention (n = 2)

A 4

New studies included in review (n = 5)

FiGURe 1: PRISMA flowchart of the study selection process.

GDT (https://gradepro.org/, McMaster University and Evidence
Prime, Inc., 2020) was used to create SoF tables.

3. Results

3.1. Selection of Studies. A total of 237 abstracts were identi-
fied; 59 duplicated abstracts were excluded. Among the 178
selected abstracts, 171 manuscripts were excluded after title
and abstract review. Seven full-text studies were assessed for
eligibility and two were excluded due to assessing other inter-
ventions. Finally, five RCTs (n = 173) were included for quali-
tative and quantitative analyses (Figure 1) [16, 17, 19-21].

3.2. Characteristics of Included Trials. Studies were conducted
in the United States [17, 21], Brazil [16, 20], and Turkey [19].
The age range was 18-56 years. All the studies followed
patients up until 6 and 12 months after surgery (Table 1).
The main Miller class described across trials was I or IT buccal
GR localized at upper incisors, canines, or premolars. One study
compared TUN + CTG vs. CAF+ CTG [20] and four studies
compared TUN + ADM vs. CAF + ADM |16, 17, 19, 21].

3.3. Risk of Bias Assessment. Overall, three RCTs were at high
RoB 2.0 [17, 19, 21]. Three RCTs were at high RoB in the
randomization process [17, 19, 21], and one RCT was at high
RoB in deviations from intended interventions [19]. The
other RCT's showed some concerns of bias and low RoB in
missing outcome data and selection of the reported result
(Supplementary Figure S1).

3.4. Effect of TUN on Primary Outcomes. In comparison with
CAF, TUN did not significantly reduce CRC (RR 0.65; 95%

CI 0.002-176.7; p = 0.51; P =75%; Figure 2(a)) and did
not increase RC (MD 0.99%; 95% CI —6.7 to 8.6;
p = 0.80; Figure 2(b)).

3.5. Effects of TUN on Secondary Outcomes. In comparison
with CAF, TUN did not significantly reduce CAL (MD 0.31 mmy;
95% CI —0.8 to 14; p = 0.45; =82%; Figure 3(a)), KTW
(MD —0.37mm; 95% CI —1.14 to 041; p = 0.23; P =63%;
Figure 3(b)), PD (MD —0.24 mm; 95% CI —0.56 to 0.09;
p = 0.10; I* =45% Figure 3(c)), and REC (MD —0.20 mm;
95% CI —0.62 to 0.22; p = 0.35; Figure 3(d)).

3.6. Subgroup Analyses. Subgroup analyses showed no signif-
icant differences in comparison to primary analyses for pri-
mary and secondary outcomes by type of graft (ADM or
CTG) (Supplementary Figures S2-S7).

3.7. Quality of Evidence. QoE was very low for all primary
and secondary outcomes (Supplementary Table S1). In CRC,
RC, CAL, KTW, PD, REC, and the QoE was very low due
to high RoB, inconsistency, and imprecision of effects.

4. Discussion

4.1. Main Findings. In our systematic review and meta-analysis,
we found that TUN did not significantly increase CRC and did
not significantly decrease RC, CAL, KTW, PD, and REC com-
pared to CAF. There were no changes in effects when subgroups
by type of graft were evaluated. QoE was very low for primary
and secondary outcomes due to high RoB, inconsistency, and
imprecision of effects.
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TUN CAF
Study Events Total Events Total Risk ratio RR 95% CI Wt%
Tavelli et al. [21] 17 34 17 33 0.97 [0.61,1.56]  55.1
Santamaria et al. [20] 6 21 15 21 -E:— 0.40 [0.19,0.83] 449
I
Random effects model 55 54 : 0.65 [0.00,176.69] 100.0
T T T T T 1
Heterogeneity: I> = 75%, 7% = 0.2949, p = 0.05 0.001 001 01 1 10 100
(a)
TUN CAF
Study Total Mean SD Total Mean SD Mean difference MD  95%CI
Tavellietal. [21] 34 89.13 15.19 33 88.14 16.91 —F:'— 0.99 [-6.71, 8.69]
T T T T 1
-40  -20 0 20 40
(b)

FiGure 2: Effects of TUN vs. CAF on primary outcomes: (a) CRC; (b) RC.

TUN CAF
Study Total Mean SD Total Mean SD Mean difference MD 95% CI Wt%
Santamariaetal. [20] 21  9.60 121 21 834 105 - 126 [0.57,1.95] 25.54
Tavelli et al. [21] 34 159 067 33 1.83 0.64 1 -0.24 [-0.55,0.07] 31.78
Ozenci et al. [19] 10 2.00 033 10 1.65 0.71 0.35 [-0.14,0.84] 29.15
Ramos et al. [16] 10 780 190 10 810 141 . -0.30 [-1.77,1.17] 13.53
I

Random effects model 75 74 . : : : . 0.31 [-0.82,1.44] 100.00
Heterogeneity: I* = 82%, 7* = 0.3703, p < 0.01 4 2 0 2 4

()

TUN CAF
Study Total Mean SD Total Mean SD Mean difference MD 95% CI Wt%
Tavelli et al. [21] 34 201 069 33 289 lL12 —@F—) -0.88 [-1.33,-0.43] 29.87
Santamaria et al. [20] 21 400 140 21 380 1.00 ——f—— 020 [-0.54,0.94] 20.68
Ozenci et al. [19] 10 321 057 10 3.72 0.55 —E-:— -0.51 [-1.00,-0.02] 28.35
Papageorgakopoulos etal. [17] 12 1.80 090 12 1.80 0.90 — 0.00 [-0.72,0.72] 21.11
I

Random effects model 77 76 ¢=> . , =0.37  [-1.14,0.41] 100.00
Heterogeneity: I? = 63%, 7* = 0.1481, p = 0.04 -1 =05 0 05 1

(b)

TUN CAF
Study Total Mean SD Total Mean SD Mean difference MD 95% CI W%t
Tavelli et al. [21] 34 129 049 33 138 046 B e - ~0.09 [-0.32,0.14] 3457
Santamaria et al. [20] 21 0,50 057 21 1.00 0.33 —F— -0.50 [-0.78,-0.22] 27.89
Ozenci et al. [19] 10 121 023 10 145 044 —E—— -0.24 [-0.55,0.07] 25.18
Ramos et al. [16] 10 165 059 10 170 057 — -0.05 [-0.56,0.46] 12.36
I
I
Random effects model 75 74 ———— -0.24 [-0.56,0.09] 100.00
T T T 1

Heterogeneity: I* = 45%, T2 = 0.0165, p = 0.14 1 05 0 05 1

(©)

CAF TUN
Study Total Mean SD Total Mean SD Mean difference MD 95% CI
Tavellietal 21] 33 -220 1.05 34 -2.00 0.65 = ~0.20 [-0.62,0.22]

|
|
-06 -04 -02 0 02 04 06
(d)
FiGure 3: Effects of TUN vs. CAF on secondary outcomes: (a) CAL (mm); (b) KTW (mm); (c¢) PD (mm); (d) REC (mm).



4.2. What is Known in the Literature about the Research
Question? GR is the displacement of the GM apical to the
CE]J [22-24]. Factors associated with this recession can be a
thin gingival phenotype, excessive force when brushing teeth,
cervical restorations, and orthodontic treatment [25].
Currently, there are several interventions for the treatment
of GR [26]. The treatment of GR has become an important
problem in periodontal surgery, since it is highly prevalent,
especially in patients with risk factors [27-29]. CAF is a
technique that can be performed alone or in combination
with CTG [27]. Generally, CAF consists of making two obli-
que incisions, starting from the angle of the distal and mesial
line of the affected tooth, directing them apically into the
alveolar mucosa, and then the flap is displaced coronally
[30-32]. Another option to treat GR is TUN that can be
prepared in full or partial thickness [33]. In most cases
with GR, gingival tissues are thin, therefore, a total thickness
flap design is needed, which is the safest method to avoid
breakage and tearing [34]. TUN and CAF have strengths and
weaknesses. Advantages of CAF include better visibility and
access in dissection, graft stabilization, and periosteal eleva-
tion [34]; meanwhile, TUN generates greater preservation of
the gingival papillae and has faster healing and provides
better blood nutrition to the graft that translates into more
esthetic results than CAF. The main weaknesses of both
techniques are requiring additional training and using of
specialized surgical material [35, 36].

Both TUN and CAF have shown similar improvement in
gingival esthetics and reduction in root exposure. For exam-
ple, in a recent trial by Salhi et al. [37], they found that after
6 months, no difference was observed between CAF and
TUN. It also known that soft tissue grafts play an important
role in the reconstruction of the marginal gingiva and papil-
lae. According to Chen and Zhang [38], there are currently
novel techniques such as TUN that are more conservative in
their performance, since they do not require extensive inci-
sions and could mainly improve the RC in the GRs.

A recent systematic review and meta-analysis by Tavelli
et al. [12] in patients with multiple or localized GR defects
were published. The authors included 20 studies (11 RCT's
and 9 case series; 1,181 recessions treated with TUN), with a
follow-up period of 11 months, but only six RTCs were
considered in the meta-analysis. The authors searched in
three engines (PubMed, EMBASE, Cochrane Oral Health
Group Trials Register). Their primary comparison was TUN
vs. CAF comparison and included multiple types of graft. Also,
Tavelli et al. [12] assessed RC and CRC as primary outcomes;
secondary outcomes were KTW and root coverage esthetic
score (RES). CAF and TUN obtained comparable results in
terms of RC, CRC, and KTW when different types of graft
material were evaluated. However, CAF showed better
results to TUN when ADM was used. However, the evalua-
tion periods among the studies evaluated by Tavelli et al.
[12] were very heterogeneous as they presented a follow-up
of 4, 6, and 12 months.

Tavelli et al. [12] found no statistically significant differ-
ence between TUN and CAF for RC, which was reported as
rate. RC between the TUN and CAF groups was not different
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(MD 4.38mm, 95% CI —9.06, 17.83; p = 0.52, F=93%).
However, when subgroup analyses were performed for those
using ADM as graft, a statistically significant difference in RC
was observed in favor of CAF (MD 17.99 mm, 95% CI 12.79,
23.19) with low heterogeneity between results (I* = 0%). Also,
according to Tavelli et al. [12], CRC was similar between arms
(RR 0.74, 95% CI —0.66, 2.14, p = 0.3) with a high heteroge-
neity between articles (I” = 82%). However, subgroup analyses
by type of graft (CTG or ADM) revealed significant effects in
favor of CAF. Low heterogeneity was observed for subgroup
analyses in the CTG and ADM groups. Finally, they found no
significant difference in changes of KTW when comparing
TUN and CAF (MD —0.09 mm, 95% CI —0.50, 0.32;
p = 0.6). However, when subgroup analyses were performed
with ADM graft material, there was a significant difference in
KTW in favor of CAF (MD 0.36 mm, 95% CI 0.20, 0.52;
p<0.001) with low heterogeneity [12].

4.3. What Our Study Adds to the Literature. In our systematic
review, we only focused on the evaluation of RCTs. We
included single and multiple recession types, and we
excluded those RCT studies that did not evaluate TUN vs.
CAF. Furthermore, we only included studies that evaluated
TUN vs. CAF using ADM or CTG as a complementary graft
to these techniques for the treatment of GRs, evaluating the
same primary outcomes of Tavelli et al. [12]. However, our
set of secondary outcomes was different because we evalu-
ated other periodontally important clinical outcomes, such as
CRC, KTW, CAL, PD, and REC, that allow a better measure-
ment and evaluation of gingival lesions in the periodontal
specialty. On the other hand, in our study, some effects were
different from those described by Tavelli et al. [12]; this
discrepancy is probably attributed to the fact that in our
study we did not differentiate GR by location (upper or lower
jaw). Furthermore, we did not find significant effects of TUN
vs. CAF on the primary outcomes CRC and RC nor on the
secondary outcomes, several of which were also not evalu-
ated in the study by Tavelli et al. [12]. Finally, unlike the
meta-analysis [12], our study performed an assessment of the
QoE and found it to be very low for most primary and
secondary outcomes (CRC, CAL, KTW, PD, and REC).

Also, we created better search strategies with full sets of
MeSH terms and Emtree terms of Embase available in five
databases, and we evaluated updated studies until September
2021. Also, we used the Cochrane Collaboration RoB 2.0 tool
to assess RoB, which is a more up-to-date version than the
older 2011 RoB tool. In addition, we performed subgroup
analyses by graft type and found no differences with overall
analyses. Finally, we used GRADE methodology to assess
QOE of all outcomes across RCTs.

4.4. Limitations. There are some limitations in our study.
First, there were a few RCTs comparing TUN vs. CAF
with ADM injection and/or CTG; the total number of evalu-
ated individuals was small. Second, there were differences in
follow-up times across RCT's; however, all outcomes of inter-
est were reported at 6 months. Third, the RCTs included in
our study the same techniques of TUN or CAF, but there
were some characteristics of their application, which have
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been detailed in Table 1. Fourth, the ADM and CTG grafts
were the same in all included studies but had some individual
specifications [17, 23]. Finally, the QoE per GRADE
evaluation was very low for most outcomes, due to high
heterogeneity among effects, imprecision of effects, and a
high RoB in most of RCTs [39].

5. Conclusion

TUN had similar primary and secondary outcomes com-
pared to CAF. Subgroup analyses by type of graft did not
affect the main conclusions. However, the QoE was very low
for most of the outcomes. More RCT's with better design are
needed to better characterize the effects of TUN vs. CAF in
the treatment of multiple GR defects.
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