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Abstract:
Background:
Miller Class III recessions can be only partially covered after periodontal plastic surgery, and
multiple recession sites further complicate treatment. This study aimed to compare, for
the first time, the clinical outcomes of the coronally advanced flap (CAF) and tunnel (TUN)
techniques when used in conjunction with connective tissue graft in multiple Miller Class III
gingival recessions.
Materials and Methods:
A total of 32 Miller Class III recessions in 13 patients were treated; 18 defects in 7 patients
received CAF and 14 defects in 6 patients received TUN. Clinical parameters included recession depth (RD), clinical attachment level (CAL), probing depth (PD), and keratinized gingiva
width (KGW). Follow-up examinations were performed at 6 months post-surgery.
Results:
At the 6-month follow-up examination, both groups showed a significant increase in KGW
and reduction of RD compared with baseline. Mean root coverage (MRC) was 65.5±25.7%
in the CAF group and 75±20.4% in the TUN group (p=0.225). Complete root coverage was
achieved in 27.7% and 35.7% of defects treated with CAF and TUN, respectively (p=0.631).
No significant difference was detected between the 2 groups in terms of the changes in
KGW, RD, MRC, and CRC. Significant negative correlations (p=0.028) were found between
initial RD and MRC.
Conclusion:
The present study suggests that treatment of multiple Miller Class III recessions with CAF or
TUN results in comparable clinical outcomes.
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surgery. Neither bleeding on probing

examination, non-surgical periodontal

(BOP) nor plaque were recorded at the

treatment and oral hygiene instruction,

surgical site, and all probing depths

root coverage procedures, and post-op-

(PD) were within 3 mm.

erative follow-up were executed by the
same physician (SHW).

2. Clinical and Radiographic Assessment
Pre-operational clinical parameter
measurements (T0) included PD as the
distance from the GM to the bottom
of the gingival sulcus; RD as the distance from the CEJ to the GM; clinical
attachment level (CAL) as PD+RD;
and KGW as the distance between the
GM and the MGJ. All measurements
were performed on the mid-buccal
aspect of the study teeth, using CP-15
UNC (Hu-Friedy, Chicago, IL, USA).
The proximal bone level was evaluated using periapical radiographs taken
using the long-cone parallel technique
and SmartIris (TEDPC UltraQueryEx
0.0.56.66 Build 24, TEDPC, New Taipei City, Taiwan) to measure the CEJ–
alveolar crest distance along the long
axis of the tooth. The pre-operational

3. Surgical Procedures
Following local anesthesia infiltration, the root surfaces were thoroughly
planed using hand curettes (Gracey,
Hu-Friedy, Chicago, IL, USA). In the
CAF group, a 15C blade was used for
intrasulcular incision, extending to at
least one tooth on both sides of the
affected teeth. Horizontal incisions
were located at the CEJ level in the interproximal papilla and transitioned to
intrasulcular incisions without vertical
releasing incisions. The partial thickness envelope flap was raised toward
the apical side extending beyond the
MGJ. The surgical procedure employed
at the donor site was as described by
Harris et al 49. Two parallel horizontal
incisions were made 2–3 mm apical to

the GM in the premolar-molar region of
the palate. An adequate size CTG with
a 1-mm epithelial collar was harvested
and trimmed to a thickness of 1.5–2.0
mm. The graft was stabilized using
interrupted 4-0 EU-TEK sutures (Unik
Surgical Sutures Mfg. Co., Taiwan)
with anchoring to the periosteum apical
to the graft. The ﬂap was coronally advanced above the CEJ, leaving the graft
partially exposed (Fig. 1). For the TUN
group, the tunnel was prepared using
specific tunneling instruments (Tunneling Knife I/II, Hu-Friedy, Chicago,
IL, USA) 50. Following intrasulcular
incisions, the ﬂap was undermined with
partial-thickness dissection, extending
to one more tooth on both sides of the
involved teeth, and beyond the MGJ
in the apico-coronal direction. The
interproximal papilla were carefully
released from the underlying bone by
means of a full-thickness preparation
without tissue disruption. Subsequently, the flap and interproximal papilla
exhibited complete mobilization and

A

B

C

D

E

F

Fig 1. A
 representative clinical case of CAF. The upper left canine and the first premolar with buccal gingival recession (A); the radiograph
showing interproximal bone loss (B); the CTG has been harvested from the palate (C); after flap preparation and CTG placement (D);
coronal mobilization and suturing of the flap (E); clinical situation after 6 months (F).
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were coronally advanced without tension. CTG harvested as in the CAF
group was inserted into the prepared
tunnel ﬂap, and sling sutures were used
to stabilize both the flap and CTG at
a level 1-mm coronal to the CEJ (Fig.
2). After the surgery, Voren-K (25mg;
t.i.d.) was prescribed for 3–5 days. Patients were instructed to refrained from
mechanical plaque control for a period
of 6 weeks, and 0.2% chlorhexidine
gluconate was used to rinse the mouth
twice per day. The sutures were removed after 2 weeks. All patients were
recalled monthly for the ﬁrst 3 post-operative months for professional oral
hygiene procedures and measurements.
Thereafter, patients were recalled
every 3 months for regular supportive
periodontal treatment. At the 6-month
post-operative follow-up (T1), clinical
parameters including PD, CAL, RD,
and KGW were recorded again.
4.Statistical Analyses

NY, USA) was used as a statistical tool
for data analysis, using descriptive
statistics to observe the distribution of
all variation. Mean values ± standard
deviation were adopted for continuous
variables. Independent t-tests were used
to examine the clinical parameters at
pre-operative baseline (T0) and the age
homogeneity in both groups. Fisher’
s
exact test was used to compare the sex
homogeneity. The Wilcoxon signedrank test was adopted to compare the
clinical parameters between the 2
groups at T0 and T1. The Mann-Whitney U test was used to compare MRC
and changes in RD and KGW between
the 2 groups pre- and post- operatively.
The chi-square test was used to compare the CRC between the 2 groups,
with significance defined at p<0.05.
Multivariate regression analysis was
applied to identify factors influencing
MRC outcome, including the distance
between the crest and CEJ in proximal
areas, initial RD, and KGW.

SPSS version 21 (IBM, New York,

Results
This study included 13 patients, including 4 men and 9 women, aged from
40 to 68 (53.2±8.5) years. Sex and age
distribution between the 2 groups was
nonsignificant. The CAF group comprised 7 patients, with 18 teeth treated,
including 9 maxillary teeth (1 lateral
incisor, 3 cuspids, 5 bicuspids) and 9
mandibular teeth (2 lateral incisors, 3
cuspids, 4 bicuspids); the TUN group
comprised 6 patients, with 14 teeth
treated, including 3 maxillary teeth (1
lateral incisor, 1 cuspid, 1 bicuspid)
and 11 mandibular teeth (1 lateral incisor, 3 cuspids, 5 bicuspids) (Table 1).
The plaque and the bleeding indices
were maintained below 20% in both
groups. The average numbers of treated teeth with surgery in each patient
in the CAF and TUN groups were 2.3
and 2.5, respectively. The pre-operative
clinical measurements of the CAF and
TUN groups at baseline (T0) were as
follows: mean PD, 2.1±0.3 mm (CAF)
and 2.0±0 mm (TUN); mean CAL,
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Fig 2. A
 representative clinical case of TUN. The lower left lateral incisor, canine and the first premolar with buccal gingival recession (A);
the radiograph showing interproximal bone loss (B); after tunnel preparation (C); the CTG has been harvested from the palate (D);
the CTG was inserted into the undermined tissue (E); clinical situation after 6 months (F).
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5.3±1.6 mm (CAF) and 4.9±0.7 mm
(TUN); mean RD, 3.2±1.6 mm (CAF)
and 2.9±0.7 mm (TUN); mean KGW,
1.9±1.2 mm (CAF) and 1.7±0.7 mm
(TUN). These pre-operative clinical
measurements did not differ significantly in between-groups comparisons
(Table 2). Radiographic examination
was performed to measure the CEJ-alveolar distance on the mesial and distal

sides, revealing values in the CAF
group of 3.7±0.8 and 4.1±1.5 mm,
respectively, and values in the TUN
group of 3.2±0.7 and 3.5±0.5 mm,
respectively. No significant difference
was observed in between-groups comparisons.
When comparing T1 to T0, RD decreased and KGW increased in both
groups, indicating signiﬁcant improve-

Table I. Patient-related characteristics and clinical parameters at baseline
CAF
Patients
Age
Gender
Tooth
KGW (mm)
1
45
M
14-15
2,1
2
62
F
23-24
3,0
3
60
M
23-24
4,2
4
58
F
22-24
3,3,3
5
68
M
43-45
3,0,2
6
47
F
42-44
2,1,2
7
51
F
32-34
3,3,0
TUN
1
58
F
12-14
3,3,2
2
44
F
32-34
2,2,1
3
45
F
34-35
1,2
4
60
F
33-34
1,1
5
40
F
33,35
2,2
6
54
M
44-45
1,1

RD (mm)
2,1
5,4
4,2
4,2,2
4,7,4
3,5,4
1,1,3
3,3,3
2,3,3
1,3
3,4
3,3
3,4

CAF, coronally advanced flap with connective tissue graft; TUN, tunnel technique with
connective tissue graft.
KGW, keratinized gingiva width; RD, recession depth.
Table 2. Descriptive statistics of clinical parameters at baseline (T0) and at 6-month postsurgery (T1).
TUN
2.00±0.00
2.00±0.00

p-Value #
0.210
0.387

PD

T0
T1

CAF
2.11±0.32
1.88±0.47

CAL

T0
T1

5.33±1.57
3.22±1.26*

4.92±0.73
2.71±0.72*

0.381
0.164

RD

T0
T1

3.22±1.62
1.33±1.18*

2.92±0.73
0.78±0.69*

0.502
0.137

KGW

T0
T1

1.94±1.16
2.66±0.59*

1.71±0.72
2.28±0.61*

0.522
0.086

CAF, coronally advanced flap with connective tissue graft; TUN, tunnel technique with
connective tissue graft.
PD, probing depth; CAL, clinical attachment level; KGW, keratinized gingiva width ; RD,
recession depth.
Data reported as mean±SD, in mm.
# No inter-group significant difference – Independent t-tests.
* Intra-group statistically significant difference (p< .05) – Wilcoxon signed-rank test.

ment. In the CAF group, RD decreased
by 1.88±0.9 mm and KGW increased
by 0.72±1.17 mm; in the TUN group,
RD decreased by 2.14±0.6 mm and
KGW increased by 0.57±0.64 mm. No
significant difference was observed in
RD decrease or KGW increase between
the 2 groups. The CAF group exhibited
an MRC of 65.5±25.7% and CRC
of 27.7%; the TUN group exhibited
an MRC of 75±20.4% and CRC of
35.7%, with no signiﬁcance difference
between the 2 groups (Table 3).
Multivariate regression analysis of
factors affecting root coverage demonstrated that the greater the recession at
baseline, the lower the MRC, revealing significant negative correlations
(p=0.028) between initial RD and
MRC. Initial KGW and distance between the crest and the CEJ were not
signiﬁcantly correlated with MRC.
Discussion
A 2012 review article by Hofmänner
et al 36 revealed that cases with Miller
Class I and II MARTD treated with
CTG had a better outcome than those
treated with other surgical techniques.
MRC and CRC at the 6–12-month
post-operative follow-up were 85%–
99.1% and 50%–93.1%, respectively.
Treatment outcome for Miller Class
III gingival recession is unpredictable.
In 2012, Nart et al 22 treated mandibular anterior teeth with CAF+CTG,
and 2-year post-operative follow-up
demonstrated that the outcomes were
worse in Miller Class III than in Miller
Class II gingival recessions, obtaining
an MRC of 94% and 86%, a CRC of
71% and 43% in Miller Class II and
Class III gingival recession defects,
respectively. However, studies on CTG
treatment in Miller Class III gingival
recession 13,16,17,20,22,52 are limited. In
2012, Cairo et al 16 compared the effi-
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Table 3. Changes in clinical parameters after 6-month follow-up
CAF
TUN
p-Value#
RD reduction (mm)
1.88±0.90
2.14±0.66
0.375
KGW gain (mm)
0.72±1.17
0.57±0.64
0.796
MRC (%)
65.5±25.7
75.0±20.4
0.225
CRC (%)
27.7
35.7
0.631
CAF, coronally advanced flap with connective tissue graft; TUN, tunnel technique with
connective tissue graft.
RD, recession depth; KGW, keratinized gingiva width; MRC, mean root coverage; CRC,
complete root coverage.
# No inter-group significant difference –Mann-Whitney U test.
Table 4. Multivariate regression analysis for root coverage
Estimate
Standard Error
Baseline RD
-8.858
3.808

p-Value
0.028

Baseline KGW

-5.574

4.616

0.238

CEJ-alveolar crest
distance on mesial side

-5.732

5.317

0.291

CEJ-alveolar crest
distance on distal side

-1.372

4.241

0.749

Surgical technique
2.299
7.355
0.757
(CAF vs TUN)
CAF, coronally advanced flap with connective tissue graft; TUN, tunnel technique with
connective tissue graft.
RD, recession depth; KGW, keratinized gingiva width.
Mean root coverage (MRC) is the outcome variable (R2= 0.416)

cacy of CAF+CTG with CAF alone for
the treatment of single gingival recession with loss of interproximal bone. At
the 6-month post-operative follow-up,
CAF alone achieved a 2-mm reduction
of RD, corresponding to 69% MRC and
29% CRC; CAF combined with CTG
achieved a 2.6-mm reduction of RD,
corresponding to 85% MRC and 57%
CRC. The results of their study 16 indicated that the additional use of CTG
results in significantly better clinical
outcomes despite the presence of interproximal attachment loss. In 2011, Esteibar et al 20 studied single and multiple Miller Class III gingival recessions
treated with 3 different techniques:
free gingival graft, coronally advanced
flap, and double papilla pedicle flap,
all combined with CTG, and CRC was
achieved in 47.1% of the defects.
Several review articles 36,37 and studies 13,51 have mentioned that using either
CAF without vertical releasing inci-

sions or TUN is the technique of choice
for the treatment of multiple gingival
recessions with interproximal bone
loss. In the envelope type of the flap,
the vertical incisions are avoided and
thereby the blood circulation is maintained, promoting the graft viability and
increasing the probability of achieving
complete root coverage. However,
regarding practical research in this
area, only Aroca et al 13 have reported
treatment of this kind, using TUN combined with CTG; 1-year post-operative
follow-up revealed 82% MRC and
33% CRC. Nevertheless, there was no
comparison between CAF and TUN in
the aforementioned study. The present
study aimed to compare, for the first
time, the clinical outcomes between
CAF and TUN when used in conjunction with CTG in multiple Miller Class
III gingival recessions. At the 6-month
post-operative follow-up, the CAF
group exhibited a mean reduction in
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RD of 1.9±0.9 mm, corresponding to
65.5% MRC and 27.7% CRC achieved
in recession defects, and a significant
KGW gain of 0.7±1.2 mm was observed. Regarding the TUN group, the
mean reduction in RD was 2.1±0.7
mm, with 75% MRC, 35.7% CRC, and
a significant increase of 0.6±0.6 mm
in KGW; both techniques resulted in
major recession reduction and increase
of KGW, and no signiﬁcant differences
were detected between the 2 techniques
in terms of the changes in KGW, MRC,
and CRC.
Published review articles for the
treatment of Miller Class III gingival
recession defects have reported that using CAF and TUN combined with CTG
may achieve MRC of 54.8%–86.4%
16,22,52
and 83% 13, respectively, and CRC
of 42.8%–69% 16,17,22 and 33% 13, respectively. The root coverage effect in this
study was similar to that in previous
studies. Comparisons between the clinical outcomes of these 2 techniques in
previous studies were limited to Miller
Class I and II gingival recessions, and
at present there remains no consistent
conclusion. In 2005, Tözüm et al 43 used
CAF and TUN combined with CTG
to treat multiple gingival recessions,
and 6-month post-operative follow-up
demonstrated that the TUN group had
significantly higher gains in MRC
(96.4% vs 75.5%) and CAL (77.1% vs
56.4%). Conversely, Santamaria et al
42
reported that using CAF+CTG was
superior to TUN+CTG when treating
single maxillary recession defects; at
the 6-month post-operative follow-up,
the CAF group had significantly higher MRC (87.2% vs 77.4%) and CRC
(71.4% vs 28.6%). Two other relevant
studies 39,41 evaluating the treatment of
single or multiple Miller Class I and
II gingival recessions using CAF and
TUN demonstrated that both techniques
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yield similar outcomes. Different study
designs may have led to inconsistent
results; moreover, previous studies 40,42
have mentioned that there are limitations
in flap mobility using TUN approach,
particularly in deep isolated recession
defects, which are associated with greater tension upon suturing and insufﬁcient
coronal advancement of the ﬂap, thereby
affecting root coverage outcomes. Regarding multiple Miller Class III gingival recession defects, the results of this
study indicate that CAF and TUN may
achieve similar root coverage effects.
In 2014, Salhi et al 39 reported an increase in KGW of 1.1 mm for the TUN
group and 0.2 mm for the CAF group,
demonstrating significantly greater
improvement in the TUN group. However, the present study revealed comparable increases in KGW in both groups,
with a signiﬁcant gain of approximately
0.6–0.7 mm compared to baseline. The
inconsistent treatment outcomes may
be attributable to the different levels
of graft coverage between the groups.
Salhi et al 39 left a portion of the graft
exposed in the TUN group, whereas
the graft was fully covered in the CAF
group. Conversely, in our study, the ﬂap
was released and coronally displaced in
an attempt to minimize the uncovered
graft portion at a comparable level in
both groups.
Multivariate regression analysis
of the factors affecting root coverage
demonstrated that the higher the initial
RD, the lower the MRC that can be
achieved; hence, significant negative
correlations were found, which was
in accordance with many previous
studies 23,27,44,53-61. In 2005, Berlucchi
et al 53 stated that this result might be
correlated with lower blood supply and
higher residual tension on the ﬂap with
deeper initial RD; nevertheless, other

studies 10,33,62,63 have obtained opposite
results. In 2000, Zucchelli and DeSanctis 10 demonstrated that patients with a
deeper initial RD and narrower KGW
achieved superior outcomes in root coverage rate and greater gains in KGW.
They considered that this phenomenon
may be correlated with the tendency
of the MGJ to regain its genetically
defined position following coronal
positioning of the flap 64. The deeper
initial RD and narrower KGW indicate
a more apical original mucosal gingival
junction; therefore, a greater increase
in KGW was obtained while achieving
root coverage. Conversely, the results
of a 2012 study by Pini-Prato et al 61
indicated the opposite, suggesting that
each millimeter of additional KGW at
baseline is associated with 0.23-mm
increments in the reduction of RD at
the 8-year follow-up examination; a
positive correlation exists between the
2 variables. In the present study, MRC
was negatively correlated with initial
KGW; however, no statistically signiﬁcant difference was observed.
Several previous studies 1,16,20,22 have
mentioned that root coverage outcome
can be affected by interproximal alveolar bone level and soft tissue integrity.
In 2011, Esteibar et al 20 indicated that
root coverage rate and adjacent hard
and soft tissue level are significantly
correlated, and CRC can be anticipated
even in Miller Class III gingival recession defects in which the interproximal
soft tissue integrity remains and the
crest–CEJ distance is not above 3 mm,
as measured on periapical radiographs.
In 2012, Cairo et al 16 used CTG in
combination with CAF to manage
single gingival recession with loss of
interproximal attachment. Their results
indicated that when baseline interproximal CAL was lower than 3 mm, the

probability of obtaining CRC was higher than 80%. Multivariate regression
analysis in the present study demonstrated that although the degree of
interproximal bone loss was negatively
correlated with MRC, the difference
was nonsignificant. This result might
be due to the relatively narrow range of
the level of interproximal bone loss in
our study. In the CAF group, although
only 2/18 teeth had a CEJ–alveolar
crest distance of less than 3 mm, 14
teeth had a CEJ–alveolar crest distance
within 5 mm. In the TUN group, 1/14
and 13/14 teeth had a CEJ–interproximal alveolar crest distance within 3
and 5 mm, respectively. Various factors
might affect root coverage outcome,
and therefore additional studies should
be conducted with larger sample sizes
and long-term follow-up in the future
to account for other variables.
Conclusion
Root coverage outcome in Miller
Class III gingival recession is less predictable than Miller Class I or Class II,
and the treatment of multiple recession
defects is even more complicated. This
study aimed to compare, for the first
time, the clinical outcomes of CAF
and TUN when used in conjunction
with CTG in multiple Miller Class III
gingival recessions. Both root coverage
techniques resulted in a significant
improvement in MRC and CRC, reduction in RD, and increase in KGW at
the 6-month follow-up. No significant
differences were found between the 2
techniques. MRC decreases as initial
RD increases, yielding a negative correlation.
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