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Abstract

Introduction: Several surgical techniques and prosthetic devices have been developed in the last
decades, aiming to improve aesthetic, hygienic and functional outcomes that may affect the peri-
implant tissues, such as procedures of bone and soft tissue augmentation and the use of custom-
made abutments of titanium and zirconium.

Materials and methods: Three systematic reviews, based on randomized clinical trials and
prospective studies covering the above reported topics were analysed, and the detected evidence
was exposed to interactive experts’ discussion during the group’s and general assembly’s meetings
of the 4th EAO Consensus Conference. The results are reported using the following abbreviations: S-
T: short-term evidence, M-T: medium-term evidence; L-T: long-term evidence; LE: limited evidence.
Results: Soft tissue augmentation procedures may be indicated for the increase of soft tissue
thickness and keratinized tissue, the reduction of interproximal peri-implant bone loss, and the
coverage of shallow peri-implant soft tissue recessions (S-T, LE), L-T is lacking. Guided bone
regeneration approaches (GBR) showed efficacy when used for ridge reconstruction after the
complete healing of the soft tissues (S-T & L-T), and the stability of the augmented bone may play
a role in the maintenance of the soft tissue position and dimensions (LE). No significant differences
were observed between titanium and zirconia abutments when evaluating probing pocket depth,
bleeding on probing, marginal bone levels and mucosal recessions. Zirconia abutments were
associated with more biological complications but demonstrated superiority in terms of achieving
natural soft tissue colour (5-T).

The task of this working group was to anal- interactive  experts’ discussion  within

yse the effect of soft or hard tissue augmenta-
tion on the peri-implant tissues, including
the long-term stability of
results, as well as to analyse the effect on the

the observed

peri-implant tissues of the use of zirconia
and titanium abutments.

Three systematic reviews were evaluated,
and the findings reported were exposed to

the group and general assembly meetings
of the 4th European Association for Osseoin-
tegration Consensus Conference (4th EAO-
CC):
Long-term outcomes of soft tissue aug-
mentation around dental implants on soft
and hard tissue stability. A systematic
review. (Rotundo et al. 2015)
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Long-term outcomes of bone augmenta-
tion on soft and hard tissue stability. A
systematic review. (Lutz et al. 2015)

The effect of zirconia or titanium as
abutment material on soft tissues. A sys-
tematic review and meta-analysis. (Linke-
vicius & Vaitelis 2015)

Using this methodology, three consensus
report were elaborated containing the sum-
maries of the reviews, which included the
group’s analysis of the information obtained
from the tables and references in each
review, as well analysis of additional refer-
ences discovered during the group’s discus-
sion. Along with this condensed information,
a translational effort was made, including
experts’ opinions on clinical criteria, to elab-
orate the “consensus statements”, “clinical
“implications for

recommendations” and

research”.

Long-term outcomes of soft tissue
augmentation around dental
implants on soft and hard tissue
stability. A systematic review

Aim

To investigate the long-term outcomes, in
terms of peri-implant soft tissue height and
thickness, on bone levels, when soft tissue
augmentation has been performed.

Summary of the review

There is no long-term evidence to suggest
that soft tissue augmentation may have an
effect on peri-implant soft tissue thickness
and keratinized tissue width (KTW) or on the
stability of peri-implant bone levels.

The available results, summarized below,
are limited to short and medium-term evalua-
tion and are based on 10 papers, mainly with a
1-year follow up period. Two studies reported
medium-term data (4-9 years), both at high
risk of bias (Bianchi & Sanfilippo 2004;
Bruschi et al. 2014). Eight of them reported on
soft tissue augmentation performed at the
time of implant placement or at the second
stage surgery. The other two dealt with treat-
ment of peri-implant soft tissue dehiscences
(both with
1 year of follow up). These two papers were
eligible and used for meta-analysis.

after prosthetic rehabilitation

Effect of soft tissue augmentation on soft tissue
thickness and keratinized tissue width

Data from two studies were analysed. The first
of these was a randomized clinical trial (RCT)
evaluating the use of a connective tissue graft
(CTG) during the first stage of implant place-
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ment in 10 patients (Wiesner et al. 2010). The
second was a prospective case series study
(PCS) evaluating the treatment of peri-implant
recession coverage in 20 patients (Zucchelli
et al. 2012). The data from these studies sug-
gested that the use of a CTG is related with an
increase of soft tissue thickness of between
1.2 and 1.6 mm at 1 year.

It is difficult to summarize data on KTW
from the available information due to the
heterogeneity of the procedures. In cases of
soft tissue augmentation performed at the
time of implant placement, a PCS study
(split-thickness apically repositioned flaps —
ARF- with 85 patients at 4 years) (Bruschi
et al. 2014) reported an average increase of
5.1 mm. In cases of soft tissue augmentation
performed after the prosthetic rehabilitation,
a RCT at 1 year (free gingival graft or
vestibuloplasty in 64 patients) (Basegmez
et al. 2012) reported an increase of KTW
between 1.2 and 2.4 mm. In cases where soft
tissue dehiscences were present, a PCS study
(CAF+CTG on 20 patients at 1 year) (Zuc-
chelli et al. 2012), showed an increase of
KTW of 0.6 mm.

Effect of soft tissue augmentation on peri-implant
bone levels

Three studies were identified which used
two different approaches:
Autogenous connective tissue applied buc-
cally: Data from 1 RCT (CTG on the buc-
cal side, or not, at the first stage of implant
placement - 10 patients/split mouth)
showed no differences between connective
tissue grafted and non-grafted areas in
terms of mean marginal bone levels
(mMBLs) at 1 year (Wiesner et al. 2010).
Allogenic connective tissue substitutes
(ACTS) applied over the crest: Two PCTs
(ACTS placed over the crest at implant
placement, or not), which involved in
total 144 patients, reported significantly
lower interproximal marginal peri-implant
bone resorption in the grafted areas at
1 year (about 0.2 vs. 1.5 mm) (Linkevicius
et al. 2013; Puisys & Linkevicius 2013).

Effect of soft tissue augmentation on implant/
abutment coverage

Data from two PCSs at 1 year (Zucchelli
et al. 2012; Roccuzzo et al. 2013) involving
the treatment of shallow peri-implant soft
tissue dehiscences by means of CAF+CTG,
showed positive results, reporting a complete
defect coverage in 56% to 75% of the cases.
The related Bayesian meta-analysis indicated
a mean implant/abutment coverage of

1.7 &£ 0.01 mm (CrI:1.4;1.9).
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Effect of soft tissue augmentation on aesthetic
evaluation

Only one study (CS of 20 patients on
abutment coverage) reported data on aes-
thetic evaluation from the patient’s point of
view, showing that the patients perceived a
significant aesthetic improvement up to
1 year after the procedure (Zucchelli et al.
2012).

Data from two studies with 1-year follow-
up (1 RCT on implant placement +CTG in
the posterior area, and 1 PCS on implant/
abutment coverage in the anterior area) eval-
uating the aesthetic results from the practi-
tioner’s point of view showed a significant
aesthetic improvement after both treatments
(Wiesner et al. 2010; Roccuzzo et al. 2013).

Group'’s consensus

At short and medium-time observation peri-

ods there exists limited evidence that:

1. Soft tissue augmentation procedures are
able to increase the peri-implant soft tis-
sue thickness and the width of kera-
tinized tissue.

2. In posterior mandibular areas with thin
crestal soft tissue, marginal peri-implant
bone loss may be reduced by means of
vertical soft tissue thickening procedures
(ACTS).

3. The coverage of exposed implant/abut-
ment surfaces related to shallow mar-
ginal soft tissue recessions may be
achieved by means of CAF+CTG.

4. Subjective and objective aesthetic results
may be improved by means of soft tissue
augmentation procedures.

However, due to the lack of studies, there
is no long-term evidence that the soft tissue
augmentation may have an effect on peri-im-
plant soft tissue thickness, keratinized tissue
width, soft tissue marginal levels and on the
stability of peri-implant bone levels.

Clinical recommendations

The group’s opinion, based on limited data, is
that soft tissue augmentation procedures may
be performed to increase the peri-implant soft
tissue thickness, the width of keratinized tis-
sue, and to reduce marginal peri-implant bone
loss in areas with thin soft tissues.

In the presence of peri-implant soft tissue
dehiscences, it may be possible to cover the
exposed implant/abutment surface by means
of a CAF+CTG.

So far, long-term evidence is too limited to
strongly recommend peri-implant soft tissue
augmentation procedures. The decision must
at this stage be left to clinician judgement
after a thorough patient evaluation.

Oral Impl. Res. 26 (Suppl. 11), 2015 / 148-152
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Implications for research

There is a need for studies evaluating, at
least over a medium and long-term period
(5-10 or more years), the repercussions of
peri-implant soft tissue augmentation on the
stability of the soft and hard peri-implant tis-
sues, as well as the aesthetic aspects and
patient-related outcome measures.

Future studies must include the following
clinical and radiological evaluations as a
minimum:

1. Assessment of peri-implant tissue health.

2. Peri-implant keratinized tissue width
changes (KTW).

3. Peri-implant marginal soft tissue level
changes (PSL).

4. Peri-implant
changes (KTT).

5. Peri-implant marginal bone level changes
(MBL).
Professional aesthetic evaluation.

7. Patient
(PROMS).

soft  tissue  thickness

reported outcome measures

New validated technologies should be used
to further improve the accuracy and repro-
ducibility of the measurements.

Long-term outcomes of bone
augmentation on soft and hard-
tissue stability. A systematic
review

Aim

This review analysed the current literature
regarding medium- and long-term data con-
cerning the stability of peri-implant tissues
after hard-tissue augmentation, prior to or at
the same time as implant placement.

Summary of the review
Twenty-seven prospective studies were iden-
tified, dealing with guided bone regeneration
procedures (21), socket grafting (4) and bone
stability around implants that were placed in
previously augmented bone (2). Only six were
randomized clinical trials (RCTs) that were
designed to compare different augmentation
techniques. These had a follow-up of
between 1 and 5 years. One RCT included a
negative control group evaluating bone
changes around implants placed into pristine
alveolar bone. The studies evaluated bone
regeneration associated with implant place-
ment in three different scenarios: guided
bone regeneration plus delayed implant place-
ment, guided bone regeneration plus simulta-
implant placement,
preservation with graft

neous and socket
simultaneous to

implant placement.
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Several prospective studies considered bone
augmentation using different techniques. The
follow-up period ranged from 1 to 12.5 years.

Twenty-three studies evaluated two-dimen-
sional interproximal bone level changes by
calculating mean marginal bone loss by
means of peri-apical radiographs (5 RCTs and
18 PCTs). They included 725 patients and
1358 implants. Only six studies evaluated
the
means of a cone beam computer tomographic
examination (CBCT). These were made up of
two RCTs and four controlled clinical trials
(CCTs). All of them dealt with different
modalities of guided bone regeneration (GBR)
associated with dental implant treatments.
They evaluated 141 patients 188
implants, with follow-up periods ranging

bone levels three-dimensionally by

and

from 1 to 7 years.
Thirteen soft
levels by measuring soft tissue recession

studies evaluated tissue
using either a periodontal probe or calibrated
photographs. These included 518 patients and
849 implants. Two studies used a radiopaque
marker to evaluate soft tissue dimensions in

CBCT scans (46 patients and 46 implants).

Stability of augmented bone

After an augmentation procedure the charac-
teristics of the regenerated tissue depend on
the materials used within the graft (among
other factors). Hence, it cannot always be con-
sidered as vital bone. However, to be consis-
tent with the current literature the words
“bone”, “bone levels”, “bone gain” and simi-
lar terms, are used in the present consensus
report.

GBR procedures for bone reconstruction,
performed simultaneously with the place-
ment of dental implants, in situations in
which adequate soft tissue healing was
accomplished before the surgery, obtained
significant evaluated by
means as a CBCT examination) and inter-

bone gain (as

proximal bone levels were reported as being
stable over the medium-term period. How-
ever, no comparison was available between
CBCTs taken at different time points after
the implant placement (Jung et al. 2015;
Buser et al. 2013a, 2013b; Miyamoto et al.
2011).

The group was, however, able to make the
general observation that following the use of
GBR
(mMBL), assessed by means of periapical

techniques, marginal bone levels
radiographs, seemed to be stable over 1-
12.5 years, with bone loss ranging from 0.1 to
0.8 mm (Mejndert et al. 2007; Merli et al.
2010; Buser et al. 2013a; Amorfini et al. 2013;

Jung et al. 2013).

Only one study (CCT) examined the use of
GBR with
implant placement, immediately after tooth
extraction. This reported that at 7 years 36%
of the implants treated showed almost a non-
detectable buccal plate (Benic et al. 2012).

There is a lack of data in the present

techniques  simultaneously

review about the stability of the augmented
bone using surgical techniques other then
GBR, mainly because the type of studies
available were generally case reports or retro-
spective studies. Only two prospective clini-
cal studies were detected. These dealt with
the use of autogenous bone, particulated or
blocks, associated to DBBM and fibrin glue,
or to a titanium mesh, with a follow-up of 2
and 3 years. They evaluated bone loss and
demonstrated a mean marginal bone reduc-
tion of between 0.3 and 1.1 mm (Von Arx
et al. 1998; Hellem et al. 2003).

Effect of bone augmentation on soft tissue stability
Long-term soft tissue stability was difficult
to evaluate with the information retrieved
from the reviewed papers, as the baseline ref-
erence point and measurements were unclear
and not applied consistently in many studies.
However, limited data exist to evaluate
whether following GBR the soft tissue profile
is maintained over time.

Two studies (PCTs), dealing with GBR pro-
cedures simultaneous to early implant place-
ment, clinically evaluated the distance
between the implant shoulder of bone-level
implants and the mucosal margin (DIM) at
two time points with a 4 and 5 years inter-
val, showing that DIM increased with time.
The increment ranged from 0.3 to 0.4 mm,
indicating stability or soft tissue coverage of
the implant-supported crown (Buser et al.
2013a, 2013b).

A few studies show a relationship between
the position of the soft tissue margins and
the level of the peri-implant bone (Benic
et al. 2012; Miyamoto et al. 2011; Dahlin

et al. 2010).

Consensus statements

GBR procedures have been shown to be effec-
tive in augmenting the alveolar bone - when
performed after completion of soft tissue
healing. The regenerated bone seems to be
stable over time. There is limited evidence to
indicate that the remodelling pattern is simi-
lar to that of native bone.

Stability of the augmented bone was also
reported, in the short-term, with techniques
using autogenous bone, with or without
DBBM, and titanium mesh or fibrin glue act-
ing as stabilizers of the graft.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



GBR performed at the time of tooth extrac-
tion together with immediate implant place-
ment has been associated with significant
loss of the buccal bone plate.

Limited information exists regarding the
relation between the stability of the soft tis-
sue margin and that of the regenerated bone,
even though a small number of studies may
indicate a positive relationship between the
underlying bone level and the soft tissue
margin position.

Clinical recommendations

When aiming at early implant placement, i.e.
4-8 weeks after the tooth extraction, or at
the placement of an implant in a healed ridge
performing a simultaneous hard tissue aug-
mentation, GBR is a reliable method to
ridge and ends-up with
increased and stable bone volume.

reconstruct the

However, ridge augmentation with GBR
techniques associated to immediate implants
performed immediately after tooth extraction
may not be recommendable, as further loss
of the buccal plate may occur.

Consistent bone ridge reconstructions
obtained by means of GBR procedures may
facilitate the maintenance of a stable buccal
soft tissue contour.

Based on the limited evidence and on
experts’ opinions, the group consents that
residual marginal defects which lead to the
exposure of the implant surface must be
avoided by clinicians when using moderately
rough surfaced implants in combination with
GBR procedures, since these areas may be
prone to the development of peri-implant dis-
eases on the long-term (Schwarz et al. 2012;
Schwarz et al. 2014; Fontana et al. 2015).

There is a lack of information about three-
dimensional hard and soft tissue evolution
following the use of other kinds of hard tis-
sue augmentation techniques.

Implications for research

The great variation in the way outcomes are
reported, the lack of consistency between the
methods of evaluation during follow-up, as
well as the difficulty of establishing adequate
baseline reference points, makes it very diffi-
cult to summarize data and make compar-
isons among different studies.

Additionally, the outcome of bone regener-
ation procedures should be evaluated in all
three dimensions. Therefore, further research
should concentrate on a more precise evalua-
tion of hard and soft tissue reconstruction by
means of a three-dimension analysis, either
using CBCT (respecting EURATOM regula-
tions) or using alternative approaches based

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

on intraoral or lab-based optical scanner tech-
nology, or ultrasonic devices.

Although short-term studies (1 year) pro-
vide very valuable information of the treat-
ment outcomes, to assess hard and soft
tissue stability medium and long-term evalu-
ation is recommended (more than 5 years).

The impact of implant characteristics on
the long-term outcome of bone augmentation
has still to be explored.

Measurements for bone loss evaluation

Mean marginal bone loss (mMBL) measured
on periapical radiographs is the most fre-
quently used method to assess interproxi-
mal bone loss. Using this technique the
distance from the implant shoulder to the
bone to implant contact point can be iden-
tified. However, no information about the
buccal bone level can be obtained. Fre-
quency distribution of the MBL should also
be reported.

Bone levels and the thickness of the buccal
plate can be evaluated by means of a CBCT
examination using the appropriate technique.
If a CBCT examination is included in the
study protocol it should be performed at least
at baseline and at the end of follow-up. From
this examination the following information
should be obtained:

the distance from the gingival margin to
the implant shoulder (radiopaque marker)
(DIM).

the thickness of the buccal and lingual
walls at 2, 4 and 6 mm of the implant or
abutment shoulders.

the percentage of cases with no detectable
buccal/lingual plate, as well as the fre-
quency distribution of the buccal/lingual
bone changes.

The evaluation of the DIM could also be
achieved, in four points per implant, using
a clinical examination with the help of a
periodontal probe, after the removal of the
implant-supported prosthesis. This tech-
nique should also be considered during the
follow-up, if multiple evaluations have to
be made, to reduce patient exposure to radi-
ation.

The use of optical scanners to obtain pre-
cise and non-invasive ridge and soft tissues
volume information, associated with the
clinical measurement of the DIM by means
of a periodontal probe, could allow us to esti-
mate the level of buccal and interproximal
hard tissue, allowing us to reduce patients’
exposure to radiation.

There is a need to evaluate the impact of
the loss of the buccal plate on peri-implant
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health and its repercussions on the quality of
life of the patient.

The effect of zirconia or titanium
as abutment material on soft
tissues. A systematic review and
meta-analysis

Aim

The objective of the review was to analyse
the literature with regard to the effect of zir-
conia or titanium as abutment materials on
soft peri-implant tissues.

Summary of the review

Nine studies (11 papers) were included: four
RCTs and five prospective studies (CCTs)
with at least 10 patients, with a follow-up
>1 year, and with a direct comparison (split-
mouth) between titanium oxide (Ti) and zir-
conium oxide (Zr] abutments. Clinical
parameters (PPD, BOP, REC, MBL and addi-
tional biological complications) and aesthetic
outcome variables (soft tissue colour, patient-
reported outcomes and aesthetic indices)
were analysed.

Effect of Zr or Ti as abutment material on soft
tissues. Clinical parameters

Probing pocket depth (PPD)

PPD was recorded in three studies (five
papers: Sailer et al. 2009; Zembic et al. 2009,
2012; Lops et al. 2013; Carrillo et al. 2014)
and none of them showed statistically signifi-
cant difference between Ti and Zr abutments,
neither in absolute values nor in changes over
time. A meta-analysis was not feasible due to
heterogeneity of the reported outcomes.

Bleeding on probing (BOP)

Five studies (seven papers: Sailer et al. 2009;
Zembic et al. 2009; Zembic et al. 2012; Lops
et al. 2013; Hosseini et al. 2011; Hosseinni
et al. 2013; Payer et al. 2012) compared bleed-
ing on probing around Zr or Ti abutments.
None of them found statistically significant
differences at 1, 3 and 5 years follow-up.
There was also no difference in plaque
indices. The latter were not considered
because they were primarily assessed at the
restoration rather than at the abutment level.

Marginal bone level (MBL)

Six studies (eight papers: Sailer et al.
Zembic et al. 2009, 2012; Lops et al.
Hosseini et al. 2011; Hosseinni et al. 2013;
Payer 2012; 2014)
reported on interproximal marginal bone

2009;
2013;

et al. Carrillo et al.

Oral Impl. Res. 26 (Suppl. 11), 2015 / 148-152
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level changes, and did not show any statisti-
cal significant differences.

Additional biological complications

Biological complications (suppuration, swel-
ling, fistula, implant loss) were reported in
four studies (Hosseini et al. 2011; Hosseinni
et al. 2013; Zembic et al. 2012; Lops et al.
2013). Three of them showed a higher fre-
quency of biological complications at implants
with Zr abutments. A meta-analysis was not
meaningful due to the heterogeneity of the
criteria.

Soft tissue recession

Peri-implant mucosal recession was recorded
in three studies (Zembic et al. 2012; Lops
et al. 2014; Carrillo et al. 2014) and again no
significant differences were observed.

Effect of Zr or Ti as abutment material on soft
tissues. Aesthetics

Soft tissue colour

Colour characteristics of the peri-implant
mucosa were evaluated in five studies (six
papers: Sailer et al. 2009; Zembic et al. 2009;
Hosseini et al. 2011; Hosseinni et al. 2013;
Cosgarea et al. 2014; Bressan et al. 2011), of
which three used spectrophotometry and
these were included in a meta-analysis. The
outcome was found to be significantly supe-
rior for Zr abutments.

Patient-reported outcome

The evaluation by the patients themselves
was reported in two studies (Hosseini et al.

2011; Carrillo et al. 2014). Both applied
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visual analogue scale (VAS). No significant
difference was seen.

Aesthetic indices

The aesthetic outcomes were reported in four
studies (six papers: Sailer et al. 2009; Zembic
et al. 2009, 2012; Hosseini et al. 2011; Payer
et al. 2012; Carrillo et al. 2014). Only one
study used an index restricted to soft tissues
(Pink aesthetic score) and showed a signifi-
cant difference in favour of Zr abutments.
The other three studies implemented a com-
bined index which also included the restora-
tion or focused on the papillae only.

Consensus statement

The literature evaluated in this systematic
review revealed no significant differences in
clinical outcomes in terms of PPD, BOP,
MBL and mucosal recessions, when compar-
ing zirconia and titanium as abutment mate-
rials. Zr abutments may be associated with
more biological complications, whereas they
showed significant superiority in achieving
natural soft tissue colour.

Clinical recommendations
Based on the available data, both zirconia and
titanium abutments have been successfully
used in the anterior and posterior regions up
to the premolar area of both jaws. In particu-
lar, the reported clinical outcomes (PPD,
BOP, MBL and REC) were not significantly
different between either material. Accord-
ingly, the clinician may choose either Zr or
Ti abutments for single-tooth restorations.
There is no clinical evidence for a reduced
on Zr abutments.

plaque accumulation

Lutz, R., Neukam, F.W. & Schmitt, C.M. (2015)
Long-term outcomes of bone augmentation on
soft and hard tissue stability: a systematic review.
Clinical Oral Implants Research 26 (Suppl. 11):
103-122.

Therefore, maintenance care should be simi-
lar for both materials.

In aesthetically demanding areas, especially
with thin buccal soft tissues, the use of Zr
abutments may offer aesthetic advantages.

Some reports show a higher incidence of
biological complications at implants with Zr
abutments, however, a correlation with the
abutment material could not be identified.
These complications could instead be associ-
ated with submucosal cement remnants.
Therefore, irrespective of the material used,
the abutment must be designed with easy to
access cementation margins.

Implications for research

Future studies should consider a more uni-
form definition of biological complications
and should also report on changes, as well as
absolute values, relating to primary and sec-
ondary outcomes. Radiographic assessments
of MBL should be based on standardized peri-
apical radiographs with a clear definition of
the baseline reference.

The influence of the nano-, micro- and
macro-structures, as well as the cleaning
(chemical composition of the surface) of the
trans-mucosal components should be evalu-
ated clinically (e.g. in relation to the stability
of the soft tissue).

Future studies should address indications
other than single-tooth restorations.

It would be interesting to compare the aes-
thetic outcome of Zr abutments with other
materials such as: colour-modified Zr or Ti
abutments.
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M. & Buti, J. (2015) Long-term outcomes of soft
tissue augmentation around dental implants on
soft and hard tissue stability: a systematic review.
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