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Abstract

Aim: The aim of this randomized clinical trial (RCT) was to compare the clinical

performance of the tunnel technique with subepithelial connective tissue graft

(TUN) versus a coronally advanced flap with enamel matrix derivative (CAF) in

the treatment of gingival recession defects. The use of innovative 3D digital mea-

suring methods allowed to study healing dynamics at connective tissue (CT)-

grafted sites and to evaluate the influence of the thickness of the root covering

soft tissues on the outcome of surgical root coverage.

Material & Methods: Twenty-four patients contributed a total of 47 Miller class

I or II recessions for scientific evaluation. Precise study models collected at base-

line and follow-up examinations were optically scanned and virtually superim-

posed for digital evaluation of clinical outcome measures including mean

marginal soft tissue thickness (THK). Healing dynamics were measured in a

defined region of interest at CT-grafted sites where volume differences between

time points were calculated.

Results: At 12 months, recession reduction as well as mean root coverage were

significantly better at CT-grafted sites treated in the TUN group (1.94 mm and

98.4% respectively) compared to the non-augmented sites of the CAF group

(1.17 mm and 71.8% respectively) and statistical analysis revealed a positive

Stephan F. Rebele1,2, Otto Zuhr1,3,

David Schneider4, Ronny E. Jung4

and Markus B. H€urzeler1,2

1Private Office Huerzeler/Zuhr, Munich,

Germany; 2Department of Operative Dentistry

and Periodontology, University School of

Dentistry, Albert-Ludwigs-University, Freiburg,

Germany; 3Department of Periodontology,

Center for Dental, Oral and Maxillofacial

Medicine (Carolinum), Johann Wolfgang

Goethe University, Frankfurt/Main, Germany;
4Clinic of Fixed and Removable

Prosthodontics and Dental Material Science,

Center of Dental Medicine, University of

Zurich, Zurich, Switzerland

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 593

J Clin Periodontol 2014; 41: 593–603 doi: 10.1111/jcpe.12254



correlation of THK (1.63 mm TUN versus 0.91 mm CAF, p < 0.0001) to both

these variables. Soft tissue healing following surgical root coverage with CT-graft-

ing was mainly accomplished after 6 months, with around two-thirds of the aug-

mented volume being maintained after 12 months.

Conclusions: The TUN resulted in thicker gingiva and better clinical outcomes

compared to CAF. Increased gingival thickness was associated with better surgi-

cal outcomes in terms of recession reduction and root coverage.

Key words: gingival thickness; randomized

controlled trial; root coverage; soft tissue

volume; subepithelial connective tissue graft;

volumetric measurements
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The ultimate goal of root coverage
procedures is the complete coverage
of the recession defect, with nice aes-
thetics and harmonious integration
of the covering tissues and with
minimal probing depths after treat-
ment (Cairo et al. 2008). The process
of clinical decision-making and thus
the search for the most contempo-
rary and best available treatment
modality to achieve these aforemen-
tioned criteria of success represents
one of the major challenges in
the field of plastic periodontal
surgery today (Cortellini & Pini
Prato 2012).

Several studies have been corre-
lating greater flap thickness to better
clinical outcomes after root coverage
and thus identified flap thickness as
one relevant prognostic factor in the
treatment of gingival recession
defects (Hwang & Wang 2006). It
was demonstrated that 0.8 mm is to
be considered as the critical flap
thickness above which complete root
coverage can be expected in Miller
class I and II recession type defects
when using a coronally advanced
flap (CAF) alone (Baldi et al. 1999).
Although there seems to be a general
consensus in the scientific commu-
nity that additional thickening of the
marginal gingiva with the use of
autologous connective tissue grafts
(CTG) can further enhance treat-
ment outcomes and particularly
improve the long-term prognosis of
the results (Cortellini & Pini Prato
2012), the written evidence is still
inconsistent in this context: while
single studies could not demonstrate
any statistically significant differences
over time between CAF procedures
either with or without the use of a

CTG (Wennstrom & Zucchelli
1996), other investigations showed a
clear tendency to recession recur-
rence at sites without adjunctive
CTG application – in the short term
(Cortellini et al. 2009) as well as in
the long term (Nickles et al. 2010,
Pini-Prato et al. 2010).

As harvesting of a CTG adds
additional morbidity to any surgical
root coverage procedure (Cairo et al.
2008, Chambrone et al. 2010), it is
indispensable, however, to clarify the
clinical relevance and long-term ben-
efit of the combined procedure on a
scientific basis. It is beyond all doubt
that more transparency and under-
standing in this context will substan-
tially influence future research and
clinical developments, in particular
against the background of an ever-
increasing field of biomaterial sci-
ence, which continuously launches
improved products that aim to sub-
stitute the use of autologous grafts
(Zuhr et al. 2014a). Further pro-
gress with regard to gingival reces-
sion treatment will, to some extent,
therefore, be dependent on whether
or not some fundamental landmark
questions can be answered: How
thick is the marginal gingiva in the
area of the formerly exposed root
surface after root coverage either
with or without CTG application?
Does an increased thickness of the
root covering soft tissues improve
the treatment outcome? How long is
the healing process with regard to
soft tissue volume changes and how
extensive are these changes? Is there
any critical soft tissue thickness
above which no further benefit is to
be seen for the patient? Is there any
correlation between marginal soft
tissue thickness and the stability of
the gingival margin’s position over
time?

This article does not make any
claim to be able to entirely answer
all these aforementioned, important
questions. With the introduction of

an innovative new measuring
method for evaluating the outcomes
after surgical root coverage, how-
ever, this study promises to make
another small step towards further
understanding in this field. The aim
of this randomized clinical trial
(RCT) was, therefore, (1) to examine
three-dimensional soft tissue aspects
following root coverage with either
the tunnel technique with subepithe-
lial connective tissue graft (TUN) or
the coronally advanced flap with
enamel matrix derivative (CAF) and
(2) to incorporate the findings of
these volumetric studies in a global
context with regard to gingival reces-
sion treatment.

Material and Methods

This article is reported in accordance
with the CONSORT 2010 statement
for improving the quality of reporting
on randomized controlled trials (http://
www.consort-statement.org) (Moher
et al. 2010, Schulz et al. 2010).

Study design and ethics committee

approval

The study was designed as a single-
centre, randomized, clinical trial on
the treatment of single and multiple
gingival recession defects. A com-
bined parallel group/split-mouth
setup was used and two different
treatment modalities were assessed:
the tunnel technique with subepithe-
lial connective tissue graft (TUN)
and the coronally advanced flap with
enamel matrix derivative (CAF).
Clinical and patient-centred out-
comes, including final aesthetic out-
comes, are reported in the first part
of this article series (Zuhr et al.
2014b). This article focuses on the
findings of volumetric evaluations
after root coverage therapy.

The study protocol was approved
by the University of Freiburg Ethics
Committee (Ethics Committee No.:
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148/09) and registered in the Ger-
man Clinical Trials Register (DRKS-
ID: DRKS00003285). All partici-
pants signed an informed consent. In
obtaining the informed consent and
in conducting the study, the princi-
ples outlined in the Declaration of
Helsinki, as revised in 2000, were
followed.

Participants

Patient enrolment and study inclusion
criteria

Patients were enrolled at the Private
Office of Huerzeler/Zuhr, Munich,
Germany between July 2009 and June
2011. Patients were non-smokers, sys-
temically and periodontally healthy,
and presented each with at least one
Miller class I or II gingival recession
defect (Miller 1985). Recessions were
only considered at upper incisors,
canines and pre-molars, and only
when presenting with a clearly identi-
fiable, natural Cemento-Enamel Junc-
tion (CEJ). Please see Zuhr et al.
(2014b) for more details regarding
inclusion/exclusion criteria.

Each patient contributed with at
least one single gingival recession
defect. When patients presented with
multiple adjacent gingival recessions,
a multiple recession treatment was
applied and all defects meeting the
inclusion criteria were used for data
collection. If applicable, patients
were treated with both procedures in
the maxilla by means of a split-
mouth design.

Sample size calculation

The needed number of patients to be
treated in this study was 12 for the
test group (TUN) and 12 for the
control group (CAF). However, to
allow for possible dropouts, a total
of 15 patients were recruited in each
of two groups (Zuhr et al. 2014b).

Investigators and Institutions

All surgical procedures were done by
the same expert operator (O. Z.)
with a long-standing experience in
periodontal plastic surgery. Clinical
interventions were performed at the
Private Office of Huerzeler/Zuhr,
Munich, Germany.

This study used three-dimensional
digital measuring methods. One
examiner (D. S.), blinded with respect
to the surgical procedures, performed

all these digital measurements. Hav-
ing an expertise in computerized den-
tistry and being highly experienced
with the applied measuring technique,
this examiner evaluated dimensional
soft tissue alterations including mea-
surements of recession depth (REC)
and mean marginal soft tissue thick-
ness (THK). Digital measurements
were performed at the Clinic of Fixed
and Removable Prosthodontics and
Dental Material Science, Center of
Dental Medicine, University of
Zurich, Switzerland.

Statistical analysis was performed
at the Institute of Medical Biometry
and Medical Informatics, Albert-Lud-
wigs-University, Freiburg, Germany.

Interventions

Data collection

Data collection included digital mea-
surements at baseline, 6 months and
12 months. In addition to this general
protocol, a small cohort of six
patients in the test group (TUN)
underwent a further close-meshed fol-
low-up to monitor healing dynamics
following root coverage with CT
grafting. In those patients, additional
evaluations with digital measure-
ments were undertaken at 1, 2 and
3 months.

Digital measurements at baseline, 6
and 12 months

Digital measurements were based on
an optical 3D measurement system.
To this purpose, precise study
models were made out of dental
stone (Esthetic-base� Gold, Denton-
a, Dortmund, Germany) utilizing
impressions taken of the surgically
treated sites at baseline and follow-
up examinations (Permadyne� Ga-
rant� 2:1/Permadyne� Penta� H,
3M Espe, Neuss, Germany). All
models were digitized with a lab-side
optical scanner (Imetric D103�,
Imetric 3D GmbH, Courgenay,
Switzerland). The acquired data were
saved as digital surface models in
surface tessellation language (stl) file
format and transferred into a digital
imaging software (Swissmeda soft-
ware/Smop, Swissmeda, Zurich,
Switzerland). Baseline and corre-
sponding follow-up scans of each
clinical case were then virtually
superimposed and matched into one
common coordinate system. By
using the buccal surfaces of the

concerned teeth as reference points
for the superpositioning of the dif-
ferent time points, this approach
allowed for precise evaluation of
dimensional soft tissue alterations
over time (Fig. 1).

REC was measured from CEJ to
the gingival margin in a cross section
at the central buccal site [data first
published in Zuhr et al. (2014b)].
THKwas measured as mean thickness
of the marginal soft tissues surgically
established above the formerly
exposed root surface. To this purpose,
an individually defined area of interest
was measured above each former
recession defect and the volume differ-
ence between time points was quanti-
fied. The measured area was located in
the attached gingiva above the for-
merly exposed root surface, exhibited
a polygonal shape and kept a distance
of 1 mm to the pre- and post-opera-
tive lining of the margo gingivae.
THK was then calculated as the mea-
sured volume gain per measured area
(THK [mm] = vol [mm3]/area [mm2]).
REC and THK measurements were
recorded to the nearest 0.01 mm.

Digital measurements to monitor
healing dynamics at CT-grafted sites

The study also aimed to monitor
healing dynamics by means of
observing volumetric alterations of
the soft tissues following surgical
root coverage with concomitant CT
grafting. In this context, patients
with TUN-treated sites were asked
to voluntarily attend a further close-
meshed follow-up with additional
evaluations and digital measure-
ments performed at 1, 2 and
3 months. In these cases, the virtu-
ally superimposed image finally con-
sisted of six overlying baseline and
corresponding follow-up scans
matched into one common coordi-
nate system. This allowed for
detailed evaluation of soft tissue vol-
umetric alterations in the course of
healing. A pre-defined area of inter-
est was measured at each recessed
area and the volume difference
between time points was calculated
(vol [mm3]). Due to an individually
varying size of the CTG, the mea-
sured area varied between the sites,
but was kept constant at one site
over time. The region of interest fea-
tured a polygonal shape and covered
the graft’s extensions in the attached
gingiva of the formerly recessed

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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area. To allow for a direct compari-
son of the different sites, absolute
values of volumetric alterations (vol
[mm3]) were converted in relative
sizes (vol [%]) with the post-opera-
tive volume gain at 1 month being
regarded as the baseline value of soft
tissue augmentation (100%). A total
of six patients agreed to participate
in this protocol of a further close-
meshed follow-up.

Pre-surgical preparations

Cause-related therapy was completed
in all participants prior to surgery.
This included detailed oral hygiene
instructions as well as dental pro-
phylaxis and low-abrasive air polish-
ing. Patients were particularly
instructed to a non-traumatizing
brushing technique using a soft
toothbrush to eliminate wrong habits
associated with the aetiology of gin-
gival recessions.

Surgical procedures

Each experimental site was randomly
assigned to one of the two experi-
mental procedures. A coronally
advanced flap with enamel matrix
derivative application (CAF) served
as the control procedure, which was
compared to the tunnel technique
with subepithelial connective tissue
graft (TUN) as being the test proce-
dure. Please see Zuhr et al. for more
information regarding randomization
and allocation concealment as well
as for a detailed description of the
surgical proceedings (Zuhr et al.
2014b).

In brief description, CAF treat-
ment was performed by starting with
two c-shaped, divergent releasing
incisions lateral to the recessed area.
Marginal incisions were made to
unite the releasing incisions and a
split-thickness flap was raised
beyond the mucogingival junction

(MGJ). The papillae adjacent to the
involved teeth were de-epithelialized
and the exposed root surfaces were
treated with pre-conditioning EDTA
(Straumann� PrefGel) and with
enamel matrix derivative (Strau-
mann� Emdogain) according to the
manufacturer’s instructions (Institute
Straumann AG, Basel, Switzerland).
Sling sutures were placed to stabilize
the flap in a coronal position about
1–2 mm above the CEJ (Seralene�

6.0, Serag-Wiessner KG, Naila, Ger-
many), followed by interrupted
sutures to close the releasing inci-
sions (Seralene� 7.0).

The TUN treatment was per-
formed basically in accordance with
the descriptions on a modified
microsurgical tunnel technique by
Zuhr (Zuhr et al. 2007). Following
initial sulcular incisions, tunnelling
knives were used to undermine the
buccal gingiva by means of a split-
thickness flap preparation, aiming to

(d) (e) (f)

(a) (b) (c)

Fig. 1. (a) Baseline view of a single recession defect on a right lateral incisor, which was randomly assigned to the TUN group. (b)
12-month follow-up of the case. (c) Frontal and (d) lateral view of the digital model gained through virtual superimposing of base-
line and 12-month follow-up scans of this case. (e) While REC was measured in a cross-section at the central buccal site of the vir-
tual tooth surface, (f) THK was measured in an individually defined area of interest above the formerly exposed root.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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create a continuous tunnel in the
buccal soft tissues of the recessed
area. Flap preparation was extended
well into the mucosa and adjacent
papillary tissues were carefully
detached by means of a full-thick-
ness preparation to gain sufficient
flap mobility. A connective tissue
graft harvested from the palate was
trimmed to a thickness of 1–1.5 mm
and inserted into the tunnel. Double-
crossed sutures (Seralene� 6.0) were
applied to stabilize the buccal soft
tissue complex in a coronal position
about 1–2 mm above the CEJ (Zuhr
et al. 2009).

Post-surgical protocol

Patients were instructed to avoid any
mechanical trauma or tooth
brushing in the surgical sites for
2 weeks. Analgesic-antiphlogistic
medication (ibuprofen) was pre-
scribed as required and patients were
instructed to rinse with Chlorhexi-
dine three times per day for 2 weeks.
Sutures were removed after 7 days.
Two weeks after surgery, patients
resumed mechanical tooth cleaning
with a soft toothbrush. Patients were
recalled at 1, 3, 6 and 12 months for
professional oral hygiene procedures.

Statistical analysis

Statistical analysis was done with SAS

version 9.1.2 (SAS Institute Inc.,
Cary, NC, USA). Descriptive statis-
tics were performed using mean val-
ues, standard deviations, frequencies
and percentages. A patient-level
analysis was performed for each
parameter, regarding the experimen-
tal site as the statistical unit. In
doing so, means for each patient and
treatment assignment were calculated
from the parameters measured at the
recession sites at different time
points. The significance of the differ-
ences between the groups was evalu-
ated using Wilcoxon-Mann–Whitney
test (two-sided, t-approximation)
and Fisher’s exact test respectively.
Differences were considered statisti-
cally significant for p values < 0.05.
The Pearson’s correlation coefficient
r was calculated with the study’s
complete 12-month data set to exam-
ine the relationship between THK
and REC reduction and between
THK and % root coverage respec-
tively. Moreover, a linear regression
analysis was performed to assess the

relationship between THK and REC
reduction and a logistic model was
calculated with complete root cover-
age being the target variable and
mean marginal soft tissue thickness
being the covariable. The linear
regression analysis as well as the
logistic model were both based on a
tooth-level analysis of the concerned
parameters but accounted for
repeated measurements (multiple
recessions) per patient.

Results

Experimental population

Twenty-four patients (17 women,
seven men) were recruited und trea-
ted between October 2010 and June
2011. The mean age was
37.9 � 9.8 years (21–55 years). Six
patients were treated with both pro-
cedures by means of a split-mouth
design, so that finally a total of 30
experimental sites (15 per experimen-
tal group) contributed a total of 47
recession defects for scientific evalua-
tion [for a CONSORT flow diagram
of the study, please see Zuhr et al.
(2014b)]. Two patients in the CAF
group were not able to keep the 6-
months follow-up examination, but
both of them were available at the
12-months follow-up again. More-
over, one patient of the split-mouth-
cases was not able to comply with
the recall for the 12-months follow-
up. All six patients participating in
the further close-meshed follow-up
to monitor healing dynamics at CT-
grafted sites did not miss any of
their examinations.

Defect characteristics at baseline –

recession reduction, root coverage and

marginal soft tissue thickness at 6 and

12 months

Table 1 depicts descriptive statistics
for the measured parameters of reces-

sion depth (REC) and mean marginal
soft tissue thickness (THK) at base-
line, 6 and 12 months. The compari-
son of TUN and CAF for variables of
recession depth (REC) reduction
(mm), % root coverage (RC) and %
defects with complete root coverage
(CRC) 6 and 12 months after surgery
is reported in Table 2 [data first pub-
lished in Zuhr et al. (2014b)].

The TUN group consisted of 24
recession defects (15 experimental
sites in 12 patients) with a baseline
recession depth of 1.93 � 0.57 mm
(1.06–2.89 mm). In the CAF group
(15 experimental sites in 12 patients)
a total of 23 recession defects with a
baseline recession depth of
1.69 � 0.63 mm (0.94–3.48 mm) was
treated.

At the 12-months follow-up, RC
was on average 98.4 � 3.6% for the
TUN group and 71.8 � 20.3% for
the CAF group (p = 0.0004). REC
reduction amounted to 1.94 �
0.57 mm at TUN-treated sites (corre-
sponding to a mean residual recession
of 0.04 � 0.07 mm after 12 months),
whereas 1.17 � 0.42 mm of REC
reduction (corresponding to a mean
residual recession depth of
0.55 � 0.49 mm) was recorded in the
CAF group (p = 0.0015). CRC was
detected in 11 of 14 experimental sites
(78.6%) analysed at 12 months in the
TUN group and in 3 out of 14
(21.4%) of CAF-treated sites
(p = 0.007). The measured THK after
12 months was 1.63 � 0.42 mm at
TUN-treated sites, compared to
0.91 � 0.18 mm at sites having
received CAF treatment (p < 0.0001).

The relationship of marginal soft tissue

thickness to recession reduction and root

coverage

Various analyses were undertaken to
investigate the relationship between
marginal soft tissue thickness and
both recession depth reduction as well

Table 1. Recession depth (mm) and marginal soft tissue thickness (mm) at baseline, 6 and

12 months

TUN CAF p value

Recession depth (REC)

Baseline 1.93 � 0.57 1.69 � 0.63 0.1776

6 months 0.02 � 0.05 0.53 � 0.47 0.0001

12 months 0.04 � 0.07 0.55 � 0.49 0.0004

Marginal soft tissue thickness (THK)

6 months 1.69 � 0.40 0.90 � 0.18 < 0.0001

12 months 1.63 � 0.42 0.91 � 0.18 < 0.0001
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as mean root coverage. Based on the
study’s complete data set, the calcu-
lated Pearson’s correlation coefficient
indicated a positive correlation
between THK and REC reduction
after 12 months (r = 0.6194). More-
over, a linear regression analysis
was performed to assess the relation-
ship between these variables: this
analysis showed a significant linear
relation between THK and REC
reduction after 12 months (p = 0.006)
(Fig. 2).

Regarding the correlation of
THK and % RC after 12 months, a
calculated Pearson’s correlation coef-
ficient of r = 0.6166 revealed a posi-
tive correlation of those two
variables, too. However, the mea-
sured data indicated a certain soft
tissue thickness above which no
further benefit was seen with regard
to the surgical outcome. Therefore, a
logistic model was calculated with
complete root coverage being the
target variable and mean marginal
soft tissue thickness being the covari-
able. This analysis assumed a mean
THK of 1.44 mm to be necessary for
achieving CRC with a confidence of
95% (Fig. 3).

Healing dynamics at CT-grafted sites

The results of volumetric evaluations
performed in a cohort of six patients
to monitor healing dynamics follow-
ing CT grafting at TUN-treated sites
are presented in Table 3 and Fig. 4.
With the post-operative volume gain
at 1 month being regarded as base-
line value of soft tissue augmenta-
tion (100%), treated sites showed a
mean shrinkage of one-fourth of the
augmented volume after 3 months,
amounting to one-third after
12 months (corresponding to a mean
maintenance of 74% of the aug-
mented volume after 3 months and
64% after 12 months respectively).
With regard to post-operative soft
tissue volume changes, the healing
process seemed to be accomplished
after 6 months.

Discussion

A long-standing debate in the scien-
tific community relates to the aspect
of the thickness of the root covering
tissues following surgical root cover-
age (Wennstrom & Zucchelli 1996,
Muller et al. 1998), and this article
may be regarded as a further contri-

bution to this discussion. It is due to
the immediate clinical relevance of
the topic that a multitude of studies
has already taken up some of this
issue’s many facets: How thick is the
marginal gingiva above the formerly
exposed root surface after surgical
root coverage either with or without
CTG application? Does an increased
thickness of the root covering soft
tissues improve the treatment out-
come? Is there any correlation
between marginal soft tissue thick-
ness and the stability of the gingival
margin’s position over time?

Although the evidence in the
published literature has shown that
the combined procedure with the
additional use of an autologous
CTG is the most effective and pre-
dictable surgical approach for cover-
ing gingival recession defects
(Chambrone et al. 2008, Cortellini &
Pini Prato 2012), most of the afore-
mentioned questions still have
remained unanswered to this day.
Two principal reasons may be given
to explain this lack of knowledge:
even though numerous more studies
have addressed and discussed the
issue, very few investigations have
actually attempted to measure or
quantify soft tissue thickness in con-
nection with surgical root coverage.
Moreover, just one, very recently
published study has actually
attempted to examine the relation-
ship between the measured soft tis-
sue thickness and the achieved root
coverage by means of a statistical
analysis (Ahmedbeyli et al. 2014).
Beyond that, none of the few avail-
able studies reporting on long-term
outcomes after surgical root cover-
age has ever measured soft tissue
thickness in the long run (Zucchelli
& De Sanctis 2005, Nickles et al.
2010, Pini-Prato et al. 2010, McGu-
ire et al. 2012) – instead of that, it
has been taken for granted many
times that any successful short-term
thickening of the marginal tissues

Table 2. Comparison of TUN and CAF for variables of recession depth reduction (mm), % root coverage and % defects with complete

root coverage 6 and 12 months after surgery

Baseline – 6 months Baseline – 12 months

TUN CAF p value TUN CAF p value

Recession depth (REC) reduction 1.91 � 0.56 1.21 � 0.46 0.0032 1.94 � 0.57 1.17 � 0.42 0.0015

% Root Coverage (RC) 99.2 � 1.6 72.2 � 18.4 0.0001 98.4 � 3.6 71.8 � 20.3 0.0004

% Defects with complete root coverage (CRC) 80.0 15.4 0.002 78.6 21.4 0.007

Fig. 2. Scatter plot of mean marginal soft tissue thickness versus recession reduction
after 12 months with fitted linear regression line.
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will also show long-term stability.
However, it still remains unclear at
the moment whether this is indeed
the case and what consequences this
might have with regard to the stabil-
ity of the gingival margin.

Periodontal literature provides
evidence of a variety of different
technique-related prognostic factors
that have an influence on the
outcome of root-coverage proce-
dures, the use of a CTG just being
one of them (Cortellini & Pini Prato
2012). With regard to the clinical
approaches of the present trial, rele-
vant aspects of the surgical proceed-
ing, and in particular flap design,
were already discussed in the first
part of this article series (Zuhr et al.
2014b). In this context, it should be
noted again that the very different
surgical design of both procedures,
being a tunnelling flap preparation
in comparison to a CAF procedure
with vertical releasing incisions,
might at least in part serve as an
explanation for the differences in the
clinical outcomes between both
groups (Zuhr et al. 2014b). This sec-
ond article’s discussion is now, how-
ever, intended to be exclusively
focused on the issue of the thickness
of the root covering soft tissues.

Hitherto existing studies most
commonly used diverse endodontic
instruments or anaesthetic needles
together with a silicone disc stop
and a calliper to perform clinical
measurements of marginal soft tissue
thickness (Paolantonio et al. 2002,
da Silva et al. 2004, Zucchelli et al.
2010, Cardaropoli et al. 2012, Jepsen
et al. 2013). Some other investiga-

tions used ultrasonic devices (Muller
et al. 1998, 1999). In this study, a
three-dimensional digital measuring
method has been used for the first
time in a clinical trial to evaluate the
outcomes after surgical root cover-
age (Zuhr et al. 2014b). This recently
developed innovative method has
been originally described to measure
in vitro imitated alveolar ridge
defects (Windisch et al. 2007), and
has since been successfully adopted
in a variety of experimental and clin-
ical studies to record soft tissue con-
tour and volume changes in a
diverse range of clinical scenarios
(Fickl et al. 2009, Strebel et al. 2009,
Thoma et al. 2010, Schneider et al.
2011). Recent methodological studies
then also validated and suggested its
use for the measurement of gingival
recession like defects (Lehmann
et al. 2012, Schneider et al. 2013). In
this context, by comparing pre- ver-
sus post-operative soft tissue contour
lines, the applied technique does not
only allow to measure soft tissue
volume changes but also to quantify
the thickness of the marginal soft tis-
sues that have been surgically estab-
lished above the formerly exposed
root surfaces. The method offers
some great advantages including its
non-invasive character as well as a
high reproducibility and an excellent
accuracy of measurements (Windisch
et al. 2007, Lehmann et al. 2012,
Schneider et al. 2013). It uses a digi-
tal ruler with a highly graduated
scale, which enables to perform lin-
ear measurements to the nearest
0.01 mm – as a consequence, no
rounding error occurs, as it needs to

Fig. 3. Scatter plot of mean marginal soft tissue thickness versus % root coverage after
12 months with fitted logistic function (curve).
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be accepted for conventional mea-
surements. In doing so, this method
provides a previously unforeseen
precision in the evaluation of surgi-
cal root coverage outcomes with
regard to both two-dimensional
(recession depth) measurements as
well as three-dimensional (soft tissue
thickness/volumetric) evaluations.
Admittedly, the applied measuring
technique implies one limitation: as
measurements are based on the eval-
uation of soft tissue contour changes
over time, it is not possible, how-
ever, to quantify the pre-operative
marginal soft tissue thickness but
only post-operative values.

Coming to the clinical findings of
this study, the measured mean mar-
ginal soft tissue thickness (THK)
after 12 months was 0.91 mm at
sites having received CAF treatment.
In contrast to that, the correspond-
ing value in the TUN group
amounted to 1.63 mm. The mea-
sured difference for this comparison
was statistically significant. At this
point, however, it is important to
remember the above-mentioned
limitation of the applied measuring
technique, which disallowed any pre-
operative measurement of marginal
soft tissue thickness. Since it is not
possible to verify a balanced alloca-
tion of pre-operative thickness values
between both groups, it is therefore,
from a clinical point of view, just a
reasonable speculation that the addi-
tional amount of around 0.70 mm at

TUN-treated sites reflects, at least in
large parts, the result of a successful
thickening of the marginal tissues
due to the use of a CTG. Having
this limitation in mind, and also con-
sidering that the use of a new mea-
suring technique impairs any
comparison to previous studies, the
present data are, however, quite in
accordance to the few available data
in the published literature. In one of
the very first studies evaluating mar-
ginal soft tissue thickness, Muller
et al. (1998) investigated the out-
comes following surgical root cover-
age with free connective tissue
grafts. Using a special ultrasonic
device for their measurements, the
authors were able to document in a
series of consecutively treated cases a
mean increase in marginal soft tissue
thickness from 0.83 to 1.51 mm after
12 months. In a RCT, da Silva et al.
(2004)) compared a CAF procedure
either alone or in conjunction with a
CTG in the treatment of gingival
recession defects. Soft tissue
thickness was evaluated with the use
of an endodontic instrument and a
calliper. While the measured thick-
ness between pre- and post-operative
conditions remained virtually
constant at sites treated with CAF
alone (1.27 mm pre-operative versus
1.28 mm post-operative), a mean
increase of 0.44 mm after 6 months
was recorded for the group treated
with the combined approach
(1.34 mm versus 1.78 mm). In

another comparative study, Paolan-
tonio et al. (2002) reported on a suc-
cessful increase in marginal soft
tissue thickness from 0.81 to
1.96 mm after 12 months for a bila-
minar technique with CTG. Lastly,
there are a few more recently pub-
lished articles which provide some
data of soft tissue thickness measure-
ments in connection with surgical
root coverage: Cardaropoli et al.
(0.93 mm versus 1.1 mm) as well as
Jepsen et al. (0.89 mm versus
1.23 mm) both reported on a con-
stant or slightly increased gingival
thickness 6 months after surgical
root coverage with a CAF alone
(Cardaropoli & Cardaropoli 2009,
Jepsen et al. 2013). And Zucchelli
et al. (0.71 mm versus 1.32 mm;
0.75 mm versus 1.55 mm) as well as
Cardaropoli et al. (0.86 mm versus
2.09 mm) were able to demonstrate
a more or less considerably increased
gingival thickness following
12 months after surgical root cover-
age with a combined approach of
CAF with CTGs (Zucchelli et al.
2010, Cardaropoli et al. 2012). Sum-
marizing the results of the afore-
cited studies and comparing them to
the post-operative values of gingival
thickness measured in the present
investigation, it may be concluded
that the combined approach with the
use of a CTG is a successful measure
to augment the soft tissues and thus
to increase gingival thickness, at
least in the short term with the lon-
gest documented follow-up period
currently being 12 months. The pub-
lished data of the combined proce-
dure show a high degree of
variability with regard to the post-
operatively measured thicknesses,
which is most probably related to
differences in the size of the grafts as
well as in the quality or rather histo-
logical composition (as a conse-
quence of the donor site) of the
grafts used in different investigations
(Zucchelli et al. 2010, Zuhr et al.
2014a). When, on the other hand,
surgical root coverage is performed
without any additional augmentation
of the soft tissues, the thickness of
the root covering tissues seems
mainly to be influenced by the thick-
ness of the elevated flap as a conse-
quence of the pre-existing gingival
dimensions and thus the gingival
biotype. According to ultrasonic mea-
surements performed in periodontally

Fig. 4. Plot of relative volumetric alterations in a cohort of six patients to visualize
healing dynamics following CT grafting at TUN-treated sites.
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healthy subjects, the mean buccal
gingival thickness varies in a range
from 0.9 to 1.3 mm for different
tooth types in the anterior maxilla
(Eger et al. 1996), which is well com-
parable to the post-operatively mea-
sured thicknesses following surgical
root coverage with a CAF alone.
However, it remains unclear to the
moment to which extent details of
the surgical proceeding, such as the
design of the flap (i.e. split- versus
full-thickness preparation) or the
adjunctive use of root surface-condi-
tioning (e.g. enamel matrix deriva-
tive, as used in this investigation),
may have an influence on the thick-
ness of the tissues surgically estab-
lished above the formerly exposed
root surfaces.

The published literature provides
substantial evidence that the com-
bined procedure with the additional
use of a CTG shows the best clinical
outcomes for both recession reduc-
tion and complete root coverage
(Chambrone et al. 2008, Cortellini &
Pini Prato 2012). The real signifi-
cance of using a CTG in root cover-
age procedures, however, has still
not been entirely clarified. While
some investigations noticed a
reduced initial contraction of the
soft tissues at sites treated with a
CTG under the flap (Cortellini et al.
2009), which might be interpreted in
a way that the presence of a graft
may stabilize the gingival margin in
its coronal position and thus serves
as an “anchor” for the covering flap
during the crucial phase of early
wound healing, some other studies
reported of a trend of the so-called
“creeping attachment,” which refers
to a certain coronal shift of the gin-
gival margin that was observed in
grafted sites over time (Agudio et al.
2009, Pini-Prato et al. 2010). The
data gained in the present investiga-
tion, however, identified post-opera-
tive gingival thickness to be a
relevant prognostic factor for surgi-
cal root coverage: at 12 months,
recession reduction as well as mean
root coverage both were significantly
better at CT-grafted sites treated in
the TUN group (1.94 mm and
98.4% respectively) compared to the
non-augmented sites of the CAF
group (1.17 mm and 71.8% respec-
tively), and statistical analysis of the
study’s complete data set revealed a
positive correlation of marginal soft

tissue thickness to both these vari-
ables. In other words: the use of a
CTG appeared to be a successful
measure to increase marginal soft
tissue thickness and this led to
improved outcomes with regard to
the amount of surgical root cover-
age, at least for this study’s follow-
up period of 12 months. This is
quite in accordance with a very
recently published investigation of
Ahmedbeyli et al. who compared a
CAF procedure either alone or in
conjunction with an acellular dermal
matrix graft in the treatment of
multiple gingival recession defects
(Ahmedbeyli et al. 2014). The
authors found a significant positive
correlation between gingival thick-
ness and mean defect coverage after
12 months. On the other hand, how-
ever, the data of the present experi-
ment also indicated that exceeding a
certain soft tissue thickness was not
worthwhile with regard to the surgi-
cal outcome. Following statistical
analysis using a logistic model, a
mean marginal soft tissue thickness
of 1.44 mm was calculated to be nec-
essary for achieving CRC in the
patient population of this study.
This value is slightly above the
aforementioned range of mean gingi-
val thicknesses measured in the ante-
rior maxilla of periodontally healthy
subjects (0.9 to 1.3 mm) (Eger et al.
1996), which particularly suggests
that situations of thinner tissue bio-
types seem to benefit from some
minor gingival thickening during
surgical root coverage. In this
respect, the present data appear in
line with some recently published
recommendations on clinical deci-
sion-making, which encourage the
use of rather reasonably sized, thin
CTGs in gingival recession treatment
(Zucchelli et al. 2003, Cortellini &
Pini Prato 2012). In the same way,
the present findings may also seem
to underscore the hypothesis of
many experts that CAF alone can be
successfully applied in clinical situa-
tions where the residual gingiva is
rather thick and wide (Cortellini &
Pini Prato 2012).

In a cohort of 6 TUN-treated
patients, healing dynamics at
CT-grafted sites were evaluated by
means of volumetric observations.
The gathered data revealed that the
grafts used in this study (having
been harvested from the lateral

anterior palate) were subject to con-
siderable post-operative volumetric
alterations. Soft tissue volume
changes, and thus the healing pro-
cess, seemed to be accomplished
after 6 months. This information is
of considerable clinical relevance
when it comes, for instance, to the
decision when to proceed with pros-
thetic treatment after pre-prosthetic
plastic periodontal surgery has been
carried out. Furthermore in detail, it
could be shown that treated sites
underwent a mean shrinkage of one-
fourth of the augmented volume
after 3 months, amounting to one-
third after 12 months – this corre-
sponded to a mean maintenance of
74% of the augmented volume after
3 months and 64% after 12 months
respectively.

In one previous clinical study,
Studer et al. used different autolo-
gous CTGs to treat single-tooth
ridge defects (Studer et al. 2000).
The authors were able to document
a successful augmentation of the soft
tissues by measuring volumetric
changes with an optical projection
Moir�e method, though, the treated
patients were only followed up for
3.5 months, so that this study pro-
vides documentation of a clinical
soft tissue volume augmentation
over a considerably prolonged fol-
low-up period of 12 months. How-
ever, there is one shortcoming
regarding the measurements in both
the afore-cited as well as in this
study, as volumetric evaluations in
both studies were based on optical
scans of study models. To this pur-
pose, impressions of the experimen-
tal sites were made at different time
points, which made it impossible to
gain any information of the immedi-
ate post-operative situation of the
sites. Therefore, to allow for any
statement regarding the amount of
post-operative shrinkage at grafted
sites in the present study, the volume
gain measured 1 month after surgery
was regarded as the baseline value of
soft tissue augmentation. It may be
assumed that most of the post-oper-
ative swelling had resolved as well as
not too much of post-operative
shrinkage had yet occurred 1 month
after surgery – however, future
investigations will probably over-
come this inaccuracy, as ongoing
research with this three-dimensional
measuring method is aiming to
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introduce direct intraoral optical
scans that might one day allow to
capture freshly operated sites, too.

The findings of this study suggest
that especially sites of thinner gingi-
val biotypes seem to benefit from
some minor gingival thickening dur-
ing surgical root coverage, aiming
for a mean marginal soft tissue
thickness of around 1.5 mm after
surgery. With the knowledge from
the present volumetric studies in
mind, indicating that grafted sites
will experience a prudently estimated
volumetric shrinkage of around one-
third of the volume augmented with
a graft from the lateral palate, the
recommendation for the use of rea-
sonably sized, tendentious thinner
grafts appears to be well in accor-
dance with Zucchelli et al. who sup-
posed that small-sized and rather
thin grafts could enhance the nutri-
tional exchange between the recipi-
ent site, graft and covering flap and
also lead to better aesthetic out-
comes (Zucchelli et al. 2003). In a
randomized clinical trial, the authors
compared the bilaminar approach
with conventional graft dimensions
to the use of smaller sized and thin-
ner grafts with a thickness of about
1 mm (the grafts were both har-
vested from the lateral palate). Out-
comes were similar with regard to
root coverage, but aesthetics and
patient perception were much more
favourable in sites treated with the
smaller grafts. Regarding patient
perception, questionnaires were used
in this study to evaluate patient-cen-
tred outcomes, too (Zuhr et al.
2014b). Besides some pre-formulated
questions, patients were also encour-
aged to make free comments in the
questionnaire. In doing so, two
TUN-treated patients reported on an
unpleasant post-operative thickness
of the gingival tissues. Interestingly,
volumetric analysis now revealed
that these comments related to the
two cases with the greatest post-
operative thickness of all patients in
the study, showing the only values
of mean marginal soft tissue thick-
ness above 2 mm.

This article reports about the
1-year results of this investigation.
Thus, any statement on the benefi-
cial role of increased gingival thick-
ness with regard to the long-term
stability of the gingival margin is
rather speculative, but a long-term

follow-up of the present patient pop-
ulation is intended. In future
research, the broad use of a further
developed version of this measuring
technique (particularly incorporating
a direct intra-oral optical scanner)
would be desirable, aiming to inves-
tigate the clinical performance of
autologous CTGs deriving from dif-
ferent donor sites as well as the
emerging field of connective tissue
substitutes (Zuhr et al. 2014a).

Within the limits of this study, the
following conclusions can be drawn:

• The applied measuring method
offers new perspectives in the
evaluation of the outcomes after
surgical recession treatment.

• TUN with CTG resulted in
thicker gingiva and in better root
coverage compared to CAF with
EMD.

• Increased gingival thickness was
associated with better surgical
outcomes in terms of recession
reduction and root coverage.

• Soft tissue healing following surgi-
cal root coverage with CT grafting
was mainly accomplished after
6 months, with around two-thirds
of the augmented volume being
maintained after 12 months.
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Clinical Relevance

Scientific rationale for the study:
The real significance of the thick-
ness of the root covering soft tis-
sues has still not been entirely
clarified. This study used 3D digital
measuring methods to study heal-
ing dynamics at CT-grafted sites
and to evaluate the influence of the
thickness of the root covering soft

tissues on the outcome of surgical
root coverage.
Principal findings: Increased gingival
thickness was associated with better
surgical outcomes in terms of reces-
sion reduction and root coverage.
Practical implications: The findings
of this study suggest that particu-
larly sites of thinner gingival bio-
types seem to benefit from some
minor gingival thickening during

surgical root coverage. The data
indicate that the use of rather rea-
sonably sized, thin CTGs seems to
be suitable to obtain a suggested
mean marginal soft tissue thickness
of around 1.5 mm after surgery.
Soft tissue healing following surgi-
cal root coverage with CT grafting
is mainly accomplished after
6 months.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

TUN versus CAF for root cov: RCT. Part II 603


