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PERI-IMPLANT
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Significance and Management in terms of Function and Aesthetics
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→ Why should you read

this article?
The soft tissue as well as the
red-white aesthetic balance
based on the soft tissue condition
play a key role in the
implant-supported replacement of
a missing tooth or a tooth which is
not worth restoring. In addition
thereto the soft tissue is relevant
with regard to the long-term
maintenance of peri-implant
health. This article describes the
significance of peri-implant soft
tissue on the function and
aesthetics of implant-supported
restorations and provides an
overview of the possibilities of
surgical soft-tissue augmentation.

Background: Besides the osseous implant bed special significance is also attributed not only to the peri-implant tissue,
but also to the function of implant-supported restorations in terms of aesthetics. No
consensus is found in international literature on the significance of peri-implant soft
tissue with regard to the health of peri-implant tissue. This survey paper thus aims
at critically reviewing the current literature
in connection with the significance of periimplant soft tissue in consideration of aesthetics and function of restorations in the
field of dental implantology and in the next
step to provide examples of surgical softtissue augmentation.
Results: Sufficient soft-tissue management seems to have a positive influence
on the aesthetic appearance of implantsupported restorations in particular in the
front tooth region. In the case of progressive resorptive processes and facial contour
defects, the result can be improved in particular with regard to the red-white aesthetic balance. Novel meta analyses reflect
that the existence of bleeding on probing
can be reduced by soft-tissue thickening
and that at the same time less bone resorption is documented. With regard to
surgical techniques and materials not only
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endogenic transplants, but also promising
collagen-based biomaterials are available.
Consequences: Soft tissue management
should be included in planning treatment
at an early point in time, in order to avoid
biological complications and to achieve
the best possible aesthetic result.
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INTRODUCTION
Replacing a missing tooth or a tooth that is
not worth restoring in general represents a
challenge for the complete team of dental
specialists who focus on achieving not only a functional, but also on an aesthetically
appealing and satisfactory result. Special
significance is attributed to the proportional and homogenous alignment between
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the tissue involved as well as the structures, such as bone bed, soft tissue, implant
and the supraconstruction.
In particular in the front tooth region of
the maxilla, considerable resorptive processes take place following loss of a tooth
and which – at the same time – affect the in
general extremely thin buccal bone lamella to a particularly large extent [1, 5]. For
this reason special focus was placed on
maintaining and regenerating the osseous
implant bed in the previous years and decades in order to achieve a generally osseous anchoring of the implant with a simultaneous optimal prosthetic implant position. The possible options to maintain and/
or regenerate the buccal bone range from
Socket/Ridge Preservation [20] to a simultaneous Guided Bone Regeneration
(GBR) [6]. A sufficient bone bed creates
the foundation for the surrounding soft tissue and thus for the long-term health of the
peri-implant tissue [1].
Besides the osseous implant bed, special significance is attributed to the peri-implant soft tissue in terms of the aesthetic
appearance of implant-supported restorations. Only a harmonious scalloped
structure of the marginal mucosa with the
supraconstruction of the implant as well as
the development of a papilla filling the interdental space provide a natural result. In
addition thereto, a well-developed soft tissue structure with a sufficiently wide layer
of keratinised mucosa represent a barrier
for plaque and oral microorganisms. As
opposed to the keratinised mucosa, in particular a mobile, non-connected non-keratinised mucosa represents a risk factor for
penetrating microorganisms and thus for
the development of an inflammatory reaction [13].

SCIENTIFIC BACKGROUND
The significance of peri-implant soft tissue
for the long-term implant health and the
aesthetic result of implant-supported restorations was investigated and discussed
extensively in the previous years. For
example, the Osteology-Consensus-Conference stated that by soft tissue augmentation a reduction of the gingiva and
plaque indexes can be achieved. In addition thereto, implants show a significantly
lower marginal bone decomposition
following a Connective Tissue Graft (CTG)
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than implants without soft tissue thickening. No significant influence of soft tissue
augmentation was documented as a result
of Bleeding on Probing (BoP) and of the
probing depth [8].
For the purpose of compensating soft
tissue defects the autologous connective
tissue graft (CTG) is described as standard procedure in international literature.
In general, the connective tissue is extracted from the gum or from the tuber region and positioned in the submucosa of in
the recipient region. With the help of CTG
it seems to be possible to improve the softtissue contour, thickness and development [7, 9, 26, 30]. In two randomised controlled trials, CTG led to a reduced mucosa
recession after one year [19, 31]. In addition thereto, trials indicate a positive result
of connective tissue grafting on the preservation of the soft tissue contour. CTG thus
serves to prevent the development of a
soft tissue deficit [24, 33]. In literature, evidence questioning the therapeutic benefit
of connective tissue grafting is, however,

Sufficient surrounding soft
tissue with a wide band of
keratinised mucosa functions as an important barrier
for plaque and oral microorganisms

identified. In a retrospective trial, for example, no significant increase of the soft tissue volume following a connective tissue
graft was documented in a 5-year post-intervention period [3].
As an alternative to autologous connective tissue grafting, largely xenogenic,
and in some individual cases, also allogenic substitute materials are available. The
xenogenic substitute materials mainly applied in Germany are generally classified
as collagen matrixes. They reduce the risk
on the part of the patient, as no tissue is
extracted, thus making a second surgical
intervention unnecessary [10, 21]. In addition thereto, the duration of surgery is re-
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duced by using such materials. These
three-dimensional collagen matrixes differ
from the long-year collagen membranes in
use with regard to their composition,
structure and field of application. In literature sufficient evidence is found to show
that with the help of xenogenic collagen
matrixes results which are comparable
with autologous CTG can be achieved [16,
27, 32]. Long-term studies describing the
positive influence of a collagen matrix on
the aesthetic result of an implant-supported restoration are also available [17]. With
regard to comparing the autologous connective tissue graft with the xenogenic collagen matrix, both processes seem to be
able to achieve similar results [27]. No
consensus in international literature can,
however, be found in that respect [4].
The role of keratinised mucosa is also
the subject matter of many examinations
in international literature. Over the past
many years the question has been raised
as to whether a certain width of keratinised
mucosa is required to ensure a long-term
health of the peri-implant tissue. Based on
an examination by Lang and Löe on natural teeth which was carried out in 1972 an
“adequate width” of the keratinised mucosa, namely of  2 mm, was defined [12]. As
the peri-implant soft tissue in anatomy differs considerably from dental tissue, it is
doubtful whether 2 mm of keratinised mucosa will also suffice around implants or
are at all necessary. The soft tissue among
others at the implant is only held in position
by a hemidesmosomal attachment. The
current data situation, however, suggests
that the oral hygiene measures will be favoured by the existence of a sufficiently dimensioned mucosa (> 2 mm) [25].
The width of the keratinised mucosa
can be enhanced by autologous grafts
(free mucosal grafts) or by combining allogenic and xenogenic grafts with advanced
apically positioned flaps. The oral vestibule plate in combination with a free mucosal
graft, analogue to soft tissue thickening by
connective tissue grafting is regarded as
the gold standard. In this indication, organic materials in the form of collagen matrixes are, however, also found as an alternative to the autologous tissue graft. In a
clinical trial, comparing for example the
three-dimensional collagen matrix Mucograft (Geistlich Biomaterials, Wolhusen,
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Fig. 1: Clinical situation after insertion of the
implant. In the region of the buccal alveolar
ridge contour a residual deficit is shown after a
simultaneous augmentation.

Fig. 2: Uncovering the implants in region 21
and 22 and positioning of the connective tissue graft extracted from the gum in the prepared subepithelial envelope

Fig. 4: Presentation of the clinical situation with inserted individual hybrid abutments in region 21 and 22 (prosthetics: Dr. Melanie Frank)

Switzerland) in the case of an oral vestibule plate with a free mucosal graft, a virtually comparable percentage shrinkage of
the keratinised gingiva over a period of 90
days is documented (collagen matrix:
32.98 %; free mucosal graft: 28.35 %)
[22]. In addition thereto, comparing the
three-dimensional collagen matrix with the
free mucosal graft reflected an improved
adaptation of the collagen matrix to the
surrounding tissue than in the case of the
mucosal graft which was clearly separated
from the surrounding tissue [23].

POSSIBILITIES OF SOFT TISSUE
AUGMENTATION
Soft tissue thickening
Soft tissue thickening for the purpose of
improving the alveolar ridge contour or in

Fig. 3: Clinical situation with wound suture after uncovering the implant and mucous
thickening with connective tissue graft

Fig. 5: Presentation of the clinical situation with definitive prosthetic implant restoration in region 21 and 22

the case of a thin phenotype is primarily
achieved by the augmentation of autologous subepithelial connective tissue or
with xenogenic collagen matrixes. For
both procedures a comparable recipient
bed preparation is required. The key difference between the autologous CTG and
the use of a collagen matrix is that, in the
case of CTG, an extraction of endogenous
tissue is necessary. This step can be
avoided by using collagen matrixes.
With regard to the point in time of soft
tissue thickening various options are available. These range from a pre-implant soft
tissue augmentation to a soft tissue augmentation at the point in time of uncovering the implant. The key surgical steps in
both cases are similar.
Following local anaesthesia a ridge
incision is performed in the upper jaw
with marginal palatinal displacement in
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the region of the implant, as well as marginal relief in the region of the adjacent
teeth. In the case of soft tissue augmentation, a mucoperiosteal flap to present
the implant at the point in time of uncovering the implant is performed first of all in
the crestal region. At the transition between the crestal and the buccal alveolar
process, the flap preparation in the form
of a split flap in the direction of buccal is
continued in order to avoid periostomy.
This is performed with a “sharp” incision,
e.g. by using a suitable scalpel. By preparing the split flap a pocket is created
which can be used to incorporate an autologous connective tissue transplant or
for a collagen matrix. In the following an
overview is given of the methods of soft
tissue thickening with autologous connective tissue graft (a) and with a collagen membrane (b):
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Fig. 6: Initial situation after implantation in region 12. A deficit on the horizontal alveolar ridge contour is visible.

Fig. 7: Situation after creating a mucoperiosteal full flap in the area of the implant shoulder
(crestal), as well as development of a buccal
slit flap to incorporate the collagen matrix

Fig. 9: Tension-free wound suture around the inserted gingiva formers

a) Autologous connective tissue grafting: Preparation of the recipient region
by forming a split flap and a submucous
envelope in soft tissue thickening by autologous connective tissue grafting is followed by connective tissue extraction.
This is possible not only in the tuber region, but also from the gum. Following local anaesthesia an appropriately dimensioned connective tissue graft is extracted according to the recipient region
by means of undermining preparation. In
comparison with removal of a free mucosal graft no harvesting of superficial keratinised mucosa is necessary. In general, it is necessary to ensure a correct localisation of the harvesting localisation,
appropriate dimensioning and to take
the course of key anatomic structures into consideration. Due to subepithelial
harvesting of the connective tissue
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Fig. 8: Insertion of the collagen matrix after
previous adaptation of size and contouring

Fig. 10: Restored alveolar ridge contour after prosthetic wound management

transplant, a primary wound closure is
feasible.
Figures 1–5 show a buccal soft tissue thickening by autologous connective tissue
grafting on 2 implants in region 21 and 22
at the point in time of uncovering the implant.
b) Xenogenic collagen matrixes: The
use of xenogenic collagen matrixes for
the purpose of thickening the peri-implant
soft tissue represents a promising approach in order to reduce discomfort of
the patient by extracting connective tissue at the gum or in the tuber region. Figures 6–10 show buccal soft tissue thickening with the volume-stable three-dimensional collagen matrix FibroGide
(Geistlich Biomaterials, Wolhusen, Switzerland) at an implant in region 12 at the
point in time of uncovering the implant for
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the purpose of balancing a buccal contour defect.
The surgical intervention in the area of
the recipient region primarily corresponds
to the procedure adopted in autologous
connective tissue grafting. By preparing
the split flap a "pocket" is created for the incorporation of the collagen matrix. The
size of the pocket should be slightly overdimensioned in comparison with the collagen matrix to be inserted. In the next step
the collagen matrix is contoured according
to the defect and then inserted into the previously prepared pocket. For the purpose
of fixing and immobilising the collagen matrix it is possible to insert a palatinal mattress suture. In the next step the wound is
closed by a combination of a marionette
sutures and single button sutures.
In connection with the use of a collagen
matrix some key material properties

Fig. 11: The clinical situation before uncovering the implant reveals insufficient attached gingiva.

Fig. 12: After preparing the split flap, the mucosa is shifted in apical direction and fastened to the periosteum.

Fig. 13: The collagen matrix is applied to the implant bed and sutured
to the wound bed.

Fig. 14: Clinical situation 3 years after treatment. Stable peri-implant
soft tissue situation with a constant wide band of attached gingiva.

should be taken into account. The collagen
matrix is an elastic biomaterial with a stable form which can be manually compressed, but returns to its original form after
being compressed. For this reason it is necessary to ensure a careful adaptation to
the size and contour of the matrix, as well
as a tension-free wound management.

Widening the keratinised mucosa
Various techniques are described for the
purpose of widening the keratinised mucosa. One of the most frequently applied
techniques is the vestibule plastic in combination with a free mucous membrane
transplant or a collagen matrix. In this procedure a crestal incision is performed in
the area of the fastened keratinised mucosa. In the next step the slit flap is then carefully prepared in apical direction to avoid
periostomy or flap perforation. A sufficient
preparation in apical direction is necessary to achieve an apical shift of the mucosa.
In the next step the mucosa is attached as
far as possible in apical direction by using

periosteal sutures. The distance created in
this method circumscribes the width of peri-implant mucosa created.
Various wound management possibilities are available to cover the free wound
area. Free granulation is associated with
considerable shrinkage. It is alternatively
possible to cover the wound area with a
free mucosal graft which, as a rule, is taken
from the gum. It is thereby possible to reduce shrinkage and achieve a keratinisation.
As an alternative to extracting a free mucosal graft, it is possible to use a collagen matrix. The widespread and extensively investigated xenogenic collagen matrix Mucograft (Geistlich Biomaterials, Wolhusen,
Switzerland) e.g. has a two-layer structure.
The complete structure provides stability
and enables an open implant healing, whereas the spongy structure contributes to
stability and growth of soft tissue cells.

DISCUSSION
Following loss of a tooth, physiological
transformation processes initially lead to a
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bone resorption which primarily takes
place in the buccal region and to a reduction of the keratinised mucosa. The consequence of such a development is that in
the following implant insertion in this area,
a lower width and thickness of keratinised
mucosa is given than prior to loss of the
tooth [18]. This situation is aggravated by
the fact that with regard to the peri-implant
soft tissue a coronal mobilisation of the
soft tissue flap is required in connection
with the osseous augmentation, and that
thus the mucogingival line is displaced as
a result.
With regard to the significance of the
peri-implant soft tissue it was possible to
indicate that patients with thick morphotypes require fewer recessions at the implant and more interdental soft tissue filling
(papilla) [11]. Furthermore, it was shown
that thickening peri-implant soft tissue is
possible not only with connective tissue
grafts [30], but also with a collagen matrix.
In both procedures it was indicated that
formerly thin tissue which was thickened
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Fig. 1−10: J. Lorenz; Fig. 11−14: J. Lorenz (source from [34])
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SUMMARY
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Although there are inconsistent statements on the significance of peri-implant

soft tissue in literature, as well as on the
effect of soft tissue augmentation, the
most recent literature nevertheless indicates in particular that sufficient soft tissue
management has a positive effect on aesthetics and the long-term stability of the
peri-implant tissue and may prevent the
development of peri-implant mucositis
and peri-implantitis. Soft tissue management should therefore be included in the
treatment plan at an early point in time to
avoid biological complications and to ensure that the best possible aesthetic result
will be achieved.

Foto: Polar Studio, Frankfurt

reflects significantly less peri-implant bone
loss [14, 15].
Meta analyses in international literature document on the one hand inconsistent statements regarding the significance
of peri-implant soft tissue. A systematic review of Wennström and Derks indicates
that on the grounds of the heterogeneity of
the underlying trials no statistical analysis
of the source data was possible. The existence of sufficient keratinised mucosa has
a positive influence on the plaque index,
the effect of Bleeding on Probing was, however, inconsistent. Furthermore, no statistically significant influence of the existence of keratinised mucosa [29] with regard to the development of recessions and
peri-implant bone loss was documented.
With regard to the effect of soft tissue augmentation a further systematic review and
meta-analysis furthermore revealed that a
thickening of soft tissue has a positive influence on the width and thickness of the
keratinised mucosa and the existence of
Bleeding on Probing and thus less bone
resorption is identified [28].
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