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Abstract
Objectives The objective of this study is to clinically evaluate
the outcomes following treatment of single gingival reces-
sions with either coronally advanced flap technique (CAF)
alone or combined with a porcine collagen matrix graft (CM).
Materials and methods This is a randomized parallel design
clinical trial, including forty patients with single Miller Class I
or II gingival recession, with a depth ≥ 2 mm and located at
upper canines or premolars. The patients were randomly
assigned to receive either CAF or CAF + CM. The primary
outcome variable was gingival recession reduction (Rec Red).
Results Baseline recession depth was 3.14 ± 0.51 mm for
CAF group and 3.16 ± 0.65 mm for CAF + CM group
(p > 0.05). Both groups showed significant Rec Red
(p < 0.05), up to 6 months. Rec Red for CAF + CM was
2.41 ± 0.73 mm and was 2.25 ± 0.50 mm for CAF alone
(p > 0.05). Root coverage was 77.2% in the CAF + CMgroup
and 72.1 % in the CAF group (p > 0.05). Complete root
coverage (CRC) was found in 40 % of the cases in the
CAF + CM group and in 35 % of the sites treated with CAF.
Keratinized tissue thickness (KTT) was 0.26 mm higher in
CAF + CM group (p < 0.05).

Conclusions It can be concluded that CAF + CM does not
provide a superior recession reduction when compared to
CAF; however, it may offer a small gain in KTT after
6 months.
Clinical relevance CAF + CM can be suggested as a valid
therapeutic option to achieve root coverage and some increase
in soft tissue thickness after 6 months.

Keywords Gingival recession/surgery . Collagen/therapeutic
use . Root coverage . Treatment outcome

Introduction

Gingival recession is characterized by the apical displacement
of the gingival margin in relation to the cementoenamel junc-
tion (CEJ), which results in the exposure of the root surface to
the oral environment [1]. Its occurrence is frequent both in
patients with poor and high standard oral hygiene [2–6].
Plaque-induced inflammation and toothbrush trauma have
been proposed as etiologic factors [6–8], even though this
point still needs elucidation [9].

Gingival recession is frequently associated with esthetic
complaints, presence of caries and non-carious cervical le-
sions [10, 11] and dentin hypersensitivity [10, 12–14].
Therefore, many periodontal plastic surgery techniques have
been widely used for treatment of gingival recession with high
predictability in clinical practice [11] such as coronally ad-
vanced flap (CAF) [10], with or without subepithelial connec-
tive tissue graft (SCTG) [15], allograft acellular dermal matrix
graft (ADM) [16], and regenerative materials [17, 18].

CAF alone presents favorable clinical outcomes despite the
large variability of findings in the literature [19]. Additionally,
CAF in combination with SCTG may increase the possibility
of complete coverage of the exposed root [11, 14, 19–22].
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However, longer surgical time, [23] pain, and postoperative
complications are frequently reported by patients treated with
SCTG [23–26].

In order to avoid the morbidity associated with the harvest-
ing of autogenous grafts, ADM have been used as a substitute
for palatal donor tissue [16, 27, 28]. When compared with a
control group treated by CAF alone, no significant difference
was observed after 6 months in recession reduction, but ADM
provided greater keratinized tissue thickness [16]. After a lon-
ger follow-up period (2 years), the ADM treated group
showed a reduced residual recession when compared with
CAF alone [27]. However, CAF + ADM or CAF + GTR were
considered to be less effective than CAF + SCTG in terms of
root coverage results [19].

The use of a collagen matrix (CM) of porcine origin is an
alternative that has recently emerged [29–33]. The structure of
this new matrix consists of a cell occlusive layer, with com-
pact collagen fibers, and a spongious layer with porous colla-
gen structure. The thickness of this porous layer is supposed to
provide blood clot stabilization and space which could pro-
mote cell migration and might result in increased formation of
keratinized tissue [34, 35].

Based on this assumption, it is suggested that the associa-
tion of this collagen matrix with CAF can be a valid alterna-
tive to increase the predictability of the treatment of gingival
recession defects [19]. However, until now, only one random-
ized clinical trial (RCT) has evaluated the additional use of
CM compared to CAF alone [32]. The aim of the present
study was to evaluate if the combination of CAF with a por-
cine collagen matrix (CM) graft could provide superior

clinical outcome in the treatment of localized Miller Class I
and II gingival recessions.

Materials and methods

Experimental design

The study was designed as a parallel-group, single-blinded,
randomized controlled clinical trial (Fig. 1). Forty patients
showing gingival recessions were randomly assigned to re-
ceive one of the following treatments:

1. CAF group (n = 20): The recession was treated by the
CAF procedure alone.

2. CAF + CM group (n = 20): The recession was treated by
CAF combined with CM as a subepithelial graft
(Mucograft®; Geistlich Pharma AG, Wolhusen,
Switzerland).

Sample size

Sample size calculation for this superiority trial was per-
formed considering gingival recession reduction (Rec Red)
as the primary outcome. The study was powered to detect a
minimum clinically significant difference in root coverage of
1.0 mm by assumption of α = 0.05, power = 95 %, σ = 0.67,
based on data from a previous study [16]. Thirteen patients per
treatment arm were needed in the present trial. Considering
dropouts, a total sample of 20 subjects per group was enrolled

Fig. 1 Consort flowchart of the study
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to achieve the power of the study. No subjects were lost up to
the follow-up at 6 months.

Study population

The study protocol has been approved by the Institutional
Review Board of the Piracicaba Dental School, State
University of Campinas (CEP-UNICAMP 130/2010).
Informed consent was obtained of each subject after a thor-
ough explanation of the nature, benefits, and possible risks of
the clinical investigation procedures. The informed consent
was in accordance with the Helsinki Declaration of 1975 as
revised in 2008. The study was registered at ClinicalTrials.gov
as NCT02242500.

A total of 40 eligible subjects were enrolled in the study
from a group of patients referred for periodontal treatment to
the Graduate Clinic of the Piracicaba Dental School, State
University of Campinas (FOP-UNICAMP), according to the
following inclusion criteria:

& Age ≥ 18 years
& Presence of at least one Class I or II Miller gingival reces-

sion ≥2 mm in maxillary canines or premolars with iden-
tifiable CEJ and without deep non-carious cervical lesions
(< 0.5 mm): A + [36]

& Esthetic complaint and/or presence of dentin hypersensi-
tivity to air stimulus

& Full-mouth visible plaque index ≤20 % [37]
& Full-mouth sulcus bleeding index ≤20 % [38]

Exclusion criteria were the following:

& Smoking
& Pregnancy
& Presence of systemic disorders (diabetes, hypertension,

heart disease, or any other condition that could contrain-
dicate periodontal surgery)

& Use of medications (immunosuppressants, phenytoin, or
anything else that might affect mucosal healing and repair)

& Previous periodontal surgery in the area

Randomization, allocation concealment, and blinding

The randomization of the patients was performed by
computer-generated randomization table prepared by an in-
vestigator with no clinical involvement in the trial.
Allocation concealment was obtained using a sealed coded
opaque envelope containing the treatment to the specific sub-
ject. After local anesthesia and flap elevation, the envelope
corresponding to the patient was opened and the assigned
treatment was performed. The examiner remained blinded to
the treatment assignment.

Clinical assessments

All clinical measurements were performed by a blinded
examiner (A.R.O.M.), who was calibrated to obtain ac-
ceptable intra-examiner reproducibility for the parameters:
relative gingival recession (gingival margin to stent),
probing depth, and recession depth (gingival margin to
the CEJ). The obtained intra-class correlation coefficient
was 0.89 for relative gingival recession, 0.92 for probing
depth, and 0.94 for recession depth measurements. The
auto-curing acrylic resin stent (Duralay, Reliance,
Illinois, USA) was fabricated over a stone cast that was
prepared after maxillary impression. The stents were
trimmed at the coronal third of the tooth in order to leave
inter-dental papillae visible and ensuring a flat and linear
edge. A groove was made on the stent at the mid-buccal
area of the experimental tooth to allow a reproducible
periodontal probe positioning. The apical margin of the
stent was used as reference point for relative clinical mea-
surements. The following clinical parameters were
assessed at baseline, 45 days, 2, 3, and 6 months after
surgical procedures:

& Full-mouth visible plaque index (FMPI) [37] and presence
or absence of visible plaque at the site included in the
study.

& Full-mouth sulcus bleeding index (FMBI) [38] and pres-
ence or absence of bleeding on probing (BOP) at the site
included in the study.

& Relative gingival recession (RGR), measured as the dis-
tance from the GM to the reference point of the stent. This
parameter was used to calculate the reduction of gingival
recession (Rec Red) as the difference between RGR at
baseline and RGR at each time point.

& Probing depth (PD) assessed as the distance from the GM
to the apical end of the gingival sulcus.

& Gingival recession (GR), measured as the distance from
the GM to the CEJ. In cases where the gingival margin
covered the CEJ, this parameter was considered as equal
to 0.

& Clinical attachment level (CAL) calculated as PD + GR.
& Keratinized tissue width (KTW), measured from the GM

to the mucogingival junction (MGJ), evidenced with
Lugol staining.

& Keratinized tissue thickness (KTT) measured at a mid-
point between GM and MGJ (da Silva et al. 2004;
Santamaria et al. 2008).

PD and KTW were measured using a University of
North Carolina periodontal probe (Hu-Friedy, Chicago,
IL, USA). Measurements of GR and RGR were per-
formed using a pair of dividers and a digital caliper ac-
curate to 0.01 mm. KTT was measured using an
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endodontic spreader pierced perpendicular and through
the soft tissue with light pressure until a hard surface
was felt. The silicone stop was then placed in tight
contact with the external soft tissue surface. After
carefully removing the spreader, penetration depth was
measured with a digital caliper. Dehiscence depth (DD)
was measured during surgical procedures as the distance
from the CEJ to bone crest.

The primary outcome of this trial was gingival recession
reduction (Rec Red) at 6 months.

Dentin hypersensitivity assessment

Dentin hypersensitivity (DHS) was measured at baseline
and 6 months after surgery using the air spray. Therefore,
the air blast from a triple syringe was applied to the
exposed buccal cervical area for 1 s from a distance of
approximately 1 cm. The intensity of DHS was recorded
by the patient on a visual analog scale (VAS) of 100 mm.

Patient centered esthetic evaluation

Esthetic outcomewas evaluated from the patient’s point of view
at baseline and 6 months after surgery using a VAS of 100 mm.

Pre-treatment

All patients received oral hygiene instructions to correct any
traumatic tooth brushing habit that could be related to the
etiology of the recession, at least 4 weeks before surgery. A
pre-surgical supragingival scaling procedure with ultrasound
device (Cavitron Select—Dentsply International Inc., Long
Island City, NY, USA) and dental prophylaxis/polishing was
performed 2 weeks before the scheduled surgical procedure.

Surgical procedures

All surgical procedures were performed by the same trained
and skilled periodontist (M.P.S.). The control group was treat-
ed with CAF, while the test group received CAF + CM.

Fig. 2 Recession defect test site.
a Pre-operative image of an upper
left canine presentingMiller Class
I recession. b Flap design. c
Exposed root surface after the
elevation of the flap. d The
collagen matrix has been sutured
to cover the exposed root surface.
e The pedicle flap has been
coronally positioned and sutured
to cover the graft and the
cementoenamel junction (CEJ). f
At 6 months, the exposed root
surface is completely covered
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After local anesthesia (Lidocaine with 1:100,000 epineph-
rine, DFL, Rio de Janeiro, RJ, Brazil), intrasulcular incision
was made at the buccal site of the involved tooth, followed by
two horizontal incisions performed at the adjacent papillae, at
the level of the CEJ, without interfering with the gingival
margin of the adjacent tooth. These horizontal incisions were
continued by two oblique incisions extended beyond the
MGJ, and a trapezoidal mucoperiosteal flap was raised up to
the MGJ. Afterwards, a partial thickness flap was extended
apically to the MGJ in order to release tension and favor the
coronal positioning of the flap. The adjacent papillae were de-
epithelized, and the debridement of the root surface was per-
formed by manual instrumentation with Gracey curettes
(Hu-Friedy, RJ, Brazil). At sites designated to receive treat-
ment with CAF + CM, the CM was used according to the
manufacturer ’s instructions (Geistlich Pharma AG,
Wolhusen, Switzerland). Thematrix was cut to achieve proper
shape and size to cover the entire root surface and surrounding
bone. The matrix was positioned at the level of CEJ, without
prior hydration with saline solution, with the porous surface in
contact with the bone and the tooth, while the smooth surface

was facing the flap. The matrix was sutured with sling sutures
(Vicryl®, Johnson & Johnson, Skillman, NJ, USA).
Subsequently, the flap was positioned coronally and sutured
with sling sutures so as to completely cover the matrix. The
releasing incisions were sutured with simple interrupted su-
tures (Fig. 2). Caution was taken to avoid overcompression of
the matrix. In the sites treated with CAF alone, surgical pro-
cedures were identical except for the application of the graft.
All sites presented the CEJ completely covered at the end of
the surgical procedure (Fig. 3).

Anti-inflammatory corticosteroid medication was adminis-
tered 1 h before surgery and 12 h later (4 mg Dexamethasone,
Ache Pharmaceutical Laboratories SA, Guarulhos, SP). For
pain control, postoperative analgesics were prescribed four
times a day for 3 days (500 mg Dipyrone, Ache
Pharmaceutical Laboratories SA, Guarulhos, SP). In addition,
patients were instructed to rinse twice daily with chlorhexi-
dine (0.12 %) for 1 min and to avoid mechanical trauma and
discontinue tooth brushing in the surgical site for 14 days.

Sutures were removed after 14 days and patients were
instructed to resume an atraumatic tooth brushing technique

Fig. 3 Recession defect control
site. a Pre-operative image of an
upper left canine presenting
Miller Class I recession. b Flap
design. c Exposed root surface
after the elevation of the flap. d A
pedicle flap has been sutured
coronal to the CEJ. e Complete
root coverage was achieved at
6-month examination
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with soft-bristle toothbrush and inter-dental cleaning. All pa-
tients were enrolled in a periodontal maintenance program
(professional plaque control and oral hygiene instruction)
weekly during the first month and monthly during the
6 months.

Statistical analysis

The analysis was performed to test the hypothesis that
CAF combined with CM would result in improved out-
comes (superiority trial). Descriptive statistics were
expressed as mean ± standard deviation (SD). For inter-
group analysis at baseline, Student’s t test for two inde-
pendent samples and Χ2 test was used. For clinical param-
eters CAL, Rec Red, and RC, comparisons were per-
formed by repeated measures of analysis of variance
(ANOVA) and Tukey’s test. FMPI, FMBI, PD, GR,
RGR, KTT, KTW, and KTT increase were analyzed by
Friedman’s test. The intergroup analysis was performed
by Mann-Whitney test. Visible plaque and BOP at the site
included in the study were examined by Fisher’s exact
test. All tests were performed using the software SAS
9.2 (The SAS Institute, Cary, NC, USA) at a significance
level of 5 %.

Results

The study included 40 patients (mean age: 34.4, 25 women,
15 men), recruited and treated between 2010 (December) and
2013 (April). All patients were able to complete the follow-up
examination after 6 months. Baseline patient- and defect-

related characteristics showed no statistically significant dif-
ferences between groups (p > 0.05) (Table 1).

The FMPI and FMBI remained between 8 and 22% during
the entire study period. At baseline, all sites included in the
study showed no presence of visible plaque or BOP. However,
at 45 days follow-up, the presence of plaque and BOP were
observed at five sites in the CAF group (25%) and four sites in
the CAF + CM group (20 %), with no statistically significant
difference between groups (p > 0.05). At 2, 3, and 6 months
follow-up periods, none of the sites showed the presence of
visible plaque or BOP. No complications were observed dur-
ing the surgical procedure. Furthermore, there were no ad-
verse reactions during the entire study period.

The clinical parameters recorded at the different periods are
shown in Table 2. When considering PD and CAL, no statis-
tically significant differences could be observed between
groups in any of the evaluated periods. However, when con-
sidering within the groups comparisons, PD values did not
show significant differences among periods (p > 0.05) while
a significant change was observed for CAL related to the
baseline value (p < 0.05). Regarding RGR, a statistically sig-
nificant reduction was observed for both groups (p < 0.05).
This parameter changed from 6.05 ± 0.53 mm to
3.80 ± 0.67 mm at 6 months in CAF group and from
6.48 ± 0.89 to 4.06 ± 0.83 in CAF + CM group. The compar-
ison between groups showed no statistically significant differ-
ence (p < 0.05) (Table 2). Both groups showed significant Rec
Red after 6 months (p < 0.05). Rec Red for patients treated
with CAF + CMwas 2.41 ± 0.73 mm and 2.25 ± 0.50 mm for
patients treated with CAF alone, with no statistically signifi-
cant difference between groups (p > 0.05) (Table 3).
Therefore, the mean recession depth decreased from 3.14 to

Table 1 Baseline patient and
defect-related characteristics CAF (n = 20) CAF + CM (n = 20) p value

Age [mean ± SD (years), range] 34.7 ± 9.63 (23–59) 34.05 ± 7.56 (22–49) 0.81

Gender (female/male) 14/6 11/9 0.33

Type of tooth (canine/pre-molar) 11/9 13/7 0.20

FMPI [mean ± SD (%)] 17.26 ± 2.54 17.41 ± 1.77 0.68

FMBI [mean ± SD (%)] 17.35 ± 2.05 17.65 ± 1.60 0.90

PD [mean ± SD (mm)] 1.15 ± 0,37 1.14 ± 0,35 0.64

GR [mean ± SD (mm)] 3.14 ± 0,51 3.16 ± 0,65 0.91

CAL [mean ± SD (mm)] 4.24 ± 0.64 4.31 ± 0.76 0.75

KTW [mean ± SD (mm)] 2.60 ± 0,94 2.60 ± 0,88 1.00

KTT [mean ± SD (mm)] 1.01 ± 0,18 0.99 ± 0,22 0.75

DD [mean ± SD (mm)] 5.65 ± 0.88 5.80 ± 0.77 0.57

p values testing differences between treatment groups were calculated using Student’s t test

CAF coronally advanced flap, CM porcine collagen matrix, SD standard deviation, FMPI full-mouth plaque
index, FMBI full-mouth bleeding index, PD probing depth,GR gingival recession depth,CAL clinical attachment
level, KTW keratinized tissue width, KTT keratinized tissue thickness, DD dehiscence depth (intra-surgical
measurement)
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0.89 mm after 6 months for CAF treatment (p < 0.05). For
cases treated with CAF + CM, the GR decreased from 3.16 to
0.75 mm at 6 months (p < 0.05). The percentage of RC was
72.1 ± 14.4 % with CAF and 77.2 ± 21.2 % in cases treated
with CAF + CM, with no statistically significant difference
between treatments (p > 0.05) (Table 3). CRCwas observed in
40 % (n = 8) of sites treated with CAF + CM compared to
35 % (n = 7) of sites treated with CAF alone (p > 0.05).

In cases treated with CAF + CM, KTT showed a statisti-
cally significant increase in all periods of follow-up compared
to baseline (p < 0.05). In cases treated with CAF alone, a
significant increase in KTT compared to baseline was ob-
served only at 45 days follow-up. The comparison of KTT
between the groups showed a statistically significant differ-
ence favoring CAF + CM in all postoperative periods of
follow-up (Table 2). When the differences between baseline

Table 2 Clinical parameters
recorded at baseline, 45 days, 2, 3,
and 6 months after surgery in mm
(mean ± SD)

Baseline 45 days 2 months 3 months 6 months

PD

CAF 1.10 ± 0.31a 1.35 ± 0.59a 1.25 ± 0.44a 1.15 ± 0.37a 1.20 ± 0.41a

CAF + CM 1.15 ± 0.37a 1.65 ± 0.75a 1.50 ± 0.76a 1.40 ± 0.50 a 1.10 ± 0.31 a

GR

CAF 3.14 ± 0.51 a 0.72 ± 0.53 b 0.76 ± 0.53 b 0.80 ± 0.54 b 0.89 ± 0.52 b

CAF + CM 3.16 ± 0.65 a 0.48 ± 0.80 b 0.65 ± 0.69 bc 0.66 ± 0.74 bc 0.75 ± 0.76 c

RGR

CAF 6.05 ± 0.53 a 3.63 ± 0.72 b 3.67 ± 0.70 b 3.71 ± 0.71 b 3.80 ± 0.67 b

CAF + CM 6.48 ± 0.89 a 3.78 ± 0.90 b 3.97 ± 0.76 bc 3.94 ± 0.79 bc 4.06 ± 0.83 c

CAL

CAF 4.24 ± 0.64 a 2.07 ± 0.68 b 2.01 ± 0.60 b 1.95 ± 0.65 b 2.09 ± 0.70 b

CAF + CM 4.31 ± 0.76 a 2.13 ± 0.87 b 2.16 ± 0.89 b 2.05 ± 0.75 b 1.85 ± 0.73 b

KTT

CAF 1.02 ± 0.10 a 1.30 ± 0.28* b 1.22 ± 0.30* ab 1.19 ± 0.29* ab 1.16 ± 0.31* ab

CAF + CM 0.99 ± 0.14 a 1.58 ± 0.47* b 1.49 ± 0.19* b 1.41 ± 0.21* b 1.39 ± 0.18* b

KTW

CAF 2.60 ± 0.94 a 2.70 ± 0.98 a 2.65 ± 1.04 a 2.70 ± 0.92 a 2.75 ± 0.97 a

CAF + CM 2.60 ± 0.88 a 2.55 ± 1.00 a 2.70 ± 0.92 a 2.75 ± 0.85 a 2.80 ± 0.83 a

Different letters indicate significant differences within groups over time by ANOVA/Tukey’s tests (CAL) and
Friedman test (PD, GR, KTT, and KTW) (p < 0.05). Asterisk indicates differences between groups at each time
point by Mann-Whitney test (p < 0.05)

CAF coronally advanced flap, CM porcine collagen matrix, GR gingival recession depth, KTT keratinized tissue
thickness, KTW keratinized tissue width, SD standard deviation

Table 3 Descriptive statistics of
changes in the variables recorded
at 45 days, 2, 3, and 6 months
after surgery in mm (mean ± SD)

45 days 2 months 3 months 6 months

Rec Red

CAF 2.42 ± 0.61 a 2.38 ± 0.60 ab 2.34 ± 0.52 ab 2.25 ± 0.50 b

CAF + CM 2.68 ± 0.82 a 2.50 ± 0.71 ab 2.51 ± 0.75 ab 2.41 ± 0.73 b

Root coverage (%)

CAF 77 ± 0.14 a 76 ± 0.14 ab 75 ± 0.15 ab 72 ± 0.14 b

CAF + CM 86 ± 0.24 a 80 ± 0.20 ab 80 ± 0.21 ab 77 ± 0.21 b

KTT increase

CAF 0.27 ± 0.25* a 0.20 ± 0.26* a 0.16 ± 0.27* a 0.14 ± 0.29* a

CAF + CM 0.58 ± 0.47* a 0.50 ± 0.19* ab 0.42 ± 0.23* ab 0.40 ± 0.19* b

Different letters indicate significant differences within groups over time by Friedman test (KTT increase) and by
ANOVA/Tukey’s test (Rec Red and % Root Coverage) (p < 0.05). Asterisk indicates differences between groups
at each time point by Mann-Whitney test (p < 0.05)

CAF coronally advanced flap,CM porcine collagenmatrix,Rec Red gingival recession reduction,KTT keratinized
tissue thickness, KTW keratinized tissue width, SD standard deviation
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and 6 months follow-up are considered, CAF + CM resulted
in an increased of KTT of 0.40 mm (from 0.99 to 1.39 mm)
compared to 0.14 mm in CAF group (from 1.02 to 1.16 mm)
(p < 0.05) (Table 3). Conversely, there was no within- and
between-group increase in KTW (p > 0.05) (Table 2).

At 6 months, both treatment groups showed statistically
significant DHS reduction when compared to baseline scores
(p < 0.05). DHS scores reduced from 52.0 ± 31.05 to
19.5 ± 20.38 in patients treated with CAF and from
52.5 ± 33.85 to 10.5 ± 15.72 in patients treated with CAF +
CM. This represents a DHS reduction of 62.5 % for CAF
group compared to 80 % DHS reduction for CAF + CM
group. However, the inter-group analysis revealed no signifi-
cant differences after 6 months (p > 0.05).

The results of patient esthetic satisfaction using VAS dem-
onstrated a statistically significant improvement in esthetics
satisfaction for both groups after 6 months (from
25.0 ± 26.46 to 93.5 ± 7.45 for CAF group and from
25.0 ± 17.62 to 94.0 ± 10.46 for CAF + CM group)
(p < 0.05). However, no significant difference was observed
between groups after 6 months (p > 0.05).

Discussion

According to the available literature, better clinical outcomes
may be expected when CAF procedure is associated with
SCTG in the treatment of gingival recession, with further re-
duction of the recession defect and higher percentage of sites
showing CRC [19, 22]. It would be interesting to evaluate
other less invasive options to improve the results of CAF.
Thus, we hypothesized that a collagenmatrix of porcine origin
(CM) can also provide the chance for superior clinical out-
comes. The present clinical trial has been designed to test the
hypothesis of an additional clinical benefit with the placement
of CM under a CAF procedure for the treatment of single
Miller Class I and II gingival recessions, when compared to
CAF alone.

The primary outcome of this study was gingival recession
reduction (Rec Red) at 6 months. Both treatment groups re-
sulted in significant Rec Red at 6 months (CAF = 2.25 mm
andCAF +CM= 2.41mm) but with no significant differences
between the treatments. These values represented 72.5 and
77.8 % of RC for CAF and CAF + CM group, respectively.
The present clinical findings are in agreement to those report-
ed by Jepsen et al. [32], who observed a mean recession re-
duction of 2.32 mm and 72.66 % of RC for CAF group and
2.59 mm and 75.29 % for CAF + CM group, with no differ-
ence between groups. However, they were lower than those
presented by Mcguire and Scheyer [29] and Cardaropoli et al.
[30]. The percentage of sites showing complete root coverage
(CRC) reported by Cardaropoli et al. (2012) was 72 %
(CAF + CM). On the other hand, the figures reported by

Jepsen et al. (2013) for CRC (CAF = 31 % and for CAF +
CM =36 %) are in accordance with the results of the present
study (CAF = 35 % and CAF + CM = 40 %).

It is important to note that complete root coverage is a
realistic goal in the treatment of Miller Class I and II gingival
recessions and has been considered as an ideal outcome after
root coverage procedures [19]. However, complete root cov-
erage may not be the only factor contributing for final esthetic
result since other factors can also influence esthetic perception
such as soft tissue color and texture [39, 40]. It is also inter-
esting to note that significant improvement in the esthetic
satisfaction of the patient was observed for both groups in
the present study, although several sites did not show com-
plete root coverage. Likewise, a significant reduction of dentin
hypersensitivity was observed for both groups. Considering
these aspects, Rec Red was used as the primary outcome var-
iable of the present trial, showing the coronal change in the
position of the gingival margin in mm and including the pos-
sibility of measuring this change in individual sites with the
gingival margin coronally positioned in relation to the
cementoenamel junction [41].

It is reasonable to consider that the small sample size is a
limitation of this trial. The superiority of the combination of
CM with CAF could not be demonstrated within the study
period since it was powered to detect a minimum clinically
significant difference in root coverage of 1.0 mm. Thus, taken
into account the great variability of the sample that reduces the
ability to detect differences between groups, further studies
with larger sample size and powered to detect a smaller dif-
ference in gingival recession reduction should be conducted to
explore this possibility. In addition, disagreements among the
results of different clinical trials emphasize the need for more
clinical studies with different populations to further investi-
gate the role of the association of this matrix to the CAF
procedure.

Increased KTTwas observed in CAF + CM group 45 days
after the surgical procedures, which remained stable after
6 months. It is interesting to note that CAF + CM group
showed a mean gain in tissue thickness of 0.4 mm, which
was 0.26 mm larger than the CAF group. Jepsen et al. [32],
with a similar short-term follow-up, observed an increase of
0.59 and 0.34 mm of KTT for CAF + CM and CAF, respec-
tively, with an advantage of 0.25mm for the cases treated with
the CM. These findings are in agreement with the observa-
tions of the present study, despite the small difference in loca-
tion for measuring the tissue thickness between studies. This
parameter was measured at the mid-buccal point between the
gingival margin and the MGJ in the present study, while in the
Jepsen et al. [32] study, it was measured at a point 1 mm apical
to the gingival margin. It may be considered that when using
CAF + SCTG, da Silva et al. [42] showed that KTT increased
0.44mm after 6 months. After a longer period (12 months), an
increase of 0.6 mm was reported by Zucchelli et al. [43].
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Ahmedbeyli et al. [44] showed that increasing KTT
may be an important outcome in root coverage proce-
dures. The authors presented significant positive correla-
tion between KTT at 12 months and mean defect coverage
after treatment with CAF associated or not to ADM. It
also has been considered that a thin gingival biotype
may be a factor that significantly increases the risk for
the development of gingival recession [45]. Thus, the in-
crease in KTT may be an important goal when trying to
achieve superior long-term stability of soft-tissue margin
[16]. It has been previously reported that a gain of 0.5 mm
in KTT with the association of ADM with CAF could
result in increased stability of gingival margin over time.
The authors observed a smaller loss of root coverage be-
tween 6 and 24 months follow-up with the use of ADM
(8 %) when compared with CAF alone (15 %) [27].
However, it is prudent to question if the small difference
in the KTT observed between groups in the present study,
is spite of being statistically significant, would be stable
and able to provide a clinically meaningful benefit on a
long-term basis.

The two treatments evaluated in the present study
could not significantly change the KTW. Conversely,
gains in KTW have been previously reported when CM
was used in combination with CAF procedure [29, 30,
32]. Jepsen et al. [32] showed that when CAF was asso-
ciated with CM, the mean width recorded at the end of
6 months was 0.37 mm (SD = 1.18 mm) greater than the
observed with CAF. The discrepancy between the findings
of this study and those reported in the literature after
CAF + CM could be explained by differences in the meth-
od of assessment. In the present study, MGJ identification
was performed after staining with iodine solution (Lugol).
There are indications that the functional method may re-
sult in greater KTW than the staining method [46].
Nevertheless, it is interesting to consider that KTW may
not be a significant factor for the gingival margin stability
in the long term [47, 48].

The healing pattern after root coverage procedures is
characterized by a combination of new attachment in the
apical portion and repair in the coronal part of the defect,
through a long junctional epithelium and connective tissue
adhesion [49–52]. Around 5 weeks after surgical proce-
dure, the flap is reattached to the tooth and connective
tissue appears to be completely regenerated [53–55].
When CM was sutured under the flap, a defined junction-
al epithelium and supra-crestal connective tissue with
healthy fibrous structure were observed 1 month after sur-
gery, in an animal model [56]. In human histology, a long
junctional epithelial attachment as well as connective tis-
sue adhesion has been shown 4 months after treatment
with CAF + CM [35]. This healing pattern seems to be
compatible with the changes in CAL associated with no

significant changes in PD during all evaluation periods of
the present study.

Dentin hypersensitivity is one of the important problems
associated with gingival recession. The two tested treatments
showed consistent reduction in DHS reported by patients at
the end of study. Although inter-group difference was not
significant, CAF + CTG yielded 80 % DHS reduction com-
pared with 62.5 % DHS reduction in cases treated with CAF
alone. One point to be considered as a limitation is the possi-
bility of some placebo effect when evaluating DHS in both
groups.

Another important aspect is the patient opinion about the
esthetic result. Overall patient satisfaction was confirmed by
consistent improvement in esthetic perception, with scores
greater than 90 for both groups. However, patient esthetic
satisfaction showed no differences between groups. The sub-
jective nature of this type of investigation must be recognized,
but since root coverage is indicated mainly to deal with a
patient complain involving DHS/poor esthetics, it seems nec-
essary to have some information about that after different sur-
gical approaches.

The findings of the present short-term study do not support
a superior outcome for the CAF + CM group regarding reces-
sion reduction; however, some improvement on the soft tissue
thickness may be expected after this approach. There is a need
for more studies with longer follow-up periods to verify the
influence of this collagen matrix on the stability of the gingi-
val margin position.

Conclusion

Within the limits of the present study, it can be concluded that
both approaches may provide effective short-term reduction in
gingival recession. The combination of CM with CAF does
not provide superior results in terms of recession reduction
after 6 months; however, it slightly increases tissue thickness.
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