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1 | INTRODUCTION
High aesthetic satisfaction, improved quality of life, and near natural
rehabilitation of functionality have made dental implants a success-
ful long-term treatment option for missing teeth in both partially
and fully edentulous patients.’® Furthermore, dental implants are
characterized by high 10-year survival rates of 96.4%, or 92.6% if
assessed in a retrospective manner of up to 27 years.®

Prospective implant sites are often compromised due to hori-
zontal or vertical bony defects and/or lack of soft tissue volume or
quality. In order to prepare the surgical sites to achieve an optimal
outcome before implantation, soft and/or hard tissue augmentation
procedures are frequently conducted. There is a high variety of site
preparation techniques with respect to bone regeneration reported
in literature.”** These procedures aim to create an ideal anatomical
basis for future predictable implant placement and are mostly con-
ducted in a staged manner.

Second, there are special circumstances, which indicate a need
for soft and/or hard tissue augmentation that aim to improve clin-
ical, biological, and patient related outcomes.*** Hard tissue

augmentation - including bony contour augmentation - aim to im-
prove the emergence profile of the prosthetic restoration or to stabi-
lize the soft tissue contour on a long-term basis. Lack of buccal bone
surrounding dental implants has been reported to be associated with
decrease of soft tissue height. Benic et al. have investigated the rel-
evance of buccal bone on mucosal level surrounding immediately
placed implants. The investigators have shown that sites with intact
buccal bone - achieved with guided bone regeneration (GBR) reveal
clinically philological mucosal levels, whereas sites with deficient
buccal bone height led to a mucosal recession of 1mm. Lateral
ridge augmentation may also contribute to peri-implant health
over a long-term period. A recent systematic review concludes that
peri-implant soft and hard tissues have a bi-directional relationship
showing that soft tissue augmentation is beneficial in terms of re-
ducing mid-facial recession and brushing discomfort.!® Irrespective
of the specific surgical technique, basic surgical principles should be
respected to achieve optimal treatment outcomes. Wound healing
in bone regenerative techniques is generally challenging due to the
opposing avascular hard tissue structures such as autogenous bone
blocks and demineralized bone mineral grafts. In bone regenerative
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techniques, the therapeutic outcome may depend on optimal blood
supply as avascular grafting materials and barrier membranes are
often utilized, which receive their nutrition by plasmatic diffusion
from the flap and/or the underlying tissue.?”

In a series of review articles on the biology of periodontal wound
healing, it was pointed out that optimal bone regeneration depends
on three major factors'®2%: space provision, that is, by means of a
tissue barrier, wound stability (i.e., flap tension), and primary inten-
tion healing (i.e., blood supply of the flap). The same biologic princi-
ples could also be applied in bone regenerative procedures.

It is the aim of this narrative review article to elaborate on basic
surgical principles of bone regenerative surgery (primary intention
healing, wound stability) and to discuss the relevance of keratinized

peri-implant mucosa and thickness of peri-implant mucosa.

2 | BASIC SURGICAL PRINCIPLES FOR
BONE REGENERATIVE PROCEDURES

Various grafting methods have been employed for the treatment
of bony defects including GBR-techniques and bone block/shell-
techniques.9 In all of these techniques, the prerequisite for a suc-
cessful regenerative result is a passive (tension-free) flap closure.??
Compared to horizontal bone augmentation, vertical GBR can be
more challenging. The overall complication rate for vertical GBR
is reported at 0%-45.4%, compared with 0%-24% for horizontal
GBR.22.23

More specifically, as reported by Donos et al.,?* differences in
flap dehiscence/membrane exposure were detected at 16.3% of the
implants treated with a collagen membrane, while a wide range from
11.1% to®> 24.4% was reported in cases where a e-PTFE membrane
was used.?® More recently, these findings have been further cor-
roborated by other authors, who reported that the most commonly
reported complication procedure was membrane exposure, ranging
from 6.95% to 13.1%.%”28 This is mainly due to the difficulty in ad-
vancing the flap to achieve primary wound closure which needs to
be maintained during the initial healing period.

If primary wound closure is retained, healing by primary inten-
tion will lead to an undisturbed microenvironment during the healing
period. This can only be achieved, if an optimal blood supply of the
flap and its underlying tissue can be maintained and a tension-free
wound adaptation is facilitated.?? However, wound dehiscence lead-
ing to healing by secondary intention and adverse events (i.e., post-
operative wound infection, graft exposure to the oral cavity) during
vertical and horizontal bone regenerative procedures are often re-
ported.zs’30 It has been documented, that in edentulous ridges, sites
without membrane exposure achieved 74% more horizontal bone
gain than sites with exposure.®!

The first part of this narrative review will focus on the basic bi-
ological principles such as systemic factors affecting healing, flap
preparation, flap mobilization, and suturing techniques during bone
regenerative procedures, while the second part will summarize the
current level of evidence on the importance of the peri-implant

keratinized peri-implant mucosa to ensure long-term peri-implant
health.

2.1 | Patient-related factors

Bone regenerative procedures are elective interventions. Therefore,
adequate compliance of the patient in performing oral hygiene
measures and therefore healthy and fibrous soft tissue structures
may allow precise incision and suturing. Poor oral hygiene has been
demonstrated to negatively affect treatment outcomes for exam-
ple in regenerative periodontal surgeries.32 It must be assumed,
particularly in cases with adjacent teeth, an adequate oral hygiene
should be implemented before surgery and inflammation-free soft
tissues have to be established. A second major factor jeopardizing
optimal tissue healing is cigarette smoking. Cigarette smoking has
been demonstrated to negatively influence treatment results in
bone regenerative procedures.®*=% It is therefore strongly recom-
mended - especially in elective surgeries - to ensure optimal pa-
tient oral hygiene and to seek for alternative restorative treatment

in smokers.

2.2 | Flap preparation

The design of oral surgical flaps is substantively reliant on the vas-
cularization of the oral mucosa. Contrary to soft and hard tissue
grafts, which obtain their nutrition in the early wound healing phase
by plasmatic diffusion,®®=*® flaps are comprised of an established
network of vessels. Thus, maintaining blood supply is the main con-
cern, when planning different flap designs. First, recommendations
for appropriate flap designs have been presented in a human ca-
daver study laying the anatomical foundation of incision planning.38
Findings from these studies indicate that crestal incisions should be
placed midline of the edentulous alveolar ridge which is covered by
an avascular zone with no anastomosis crossing the alveolar ridge.
Moreover, adequate width of the flap base (i.e., trapezoidal shape)
should always be planned to limit the risk of flap necrosis during the
healing phase.

Second, the releasing incisions - if/when necessary - should be
divergent and placed one tooth away from the surgical site, while
in cases of edentulous areas despite the lack of tooth-related land-
marks, the described general principles should be kept in mind.
This ensures that the borders of the bone graft used for the GBR
procedure simultaneously performed with implant placement are
completely embedded in the flap and tension and dislocation of the
releasing incisions during flap closure are avoided.®” Furthermore, as
proved in a cadaver model, it was advocated that releasing incisions
should be placed as short and medially as possible, as the main direc-
tion of supplying arteries is from posterior to anterior.%8

It has also been recommended, that the releasing incisions should
be designed in a “hockey-stick” fashion, in order to establish broader
flap margins and less tension when closing the releasing incisions.*®
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Thirdly, flap thickness also seems to be an important factor for
primary intention healing. A review article has pointed out that flaps
thickness in plastic periodontal surgery of less than 0.7mm may
negatively influence flap vascularity.** Although only sparsely doc-
umented in literature for bone regenerative procedures, it may be
speculated that a certain amount of flap thickness is important to
maintain the blood supply of the flap and to achieve proper diffusion
for the area covered by the underlying bone graft material. In addi-
tion, clinicians should be aware of the possible complications (e.g.,
fenestrations and/or incorrect handling of surgical instruments) and
of the main challenge in performing flap mobilization due to thin soft
tissue and presence of unfavorable anatomical conditions.

Finally, with respect to flap preparation, an adequate thickness
of the flaps (i.e., 1mm), vertical releasing incisions placed as short
and medially as possible, adequate width of the base of the flap, and
strictly crestal incisions are advocated for an optimal nutrition of
flaps and of the underlying graft materials (Figure 1).

2.3 | Flap mobilization

In order to minimize the risk of flap dehiscence, a tension-free wound
closure is mandatory, in particular in cases with severe ridge defects.
Depending on the location of the bone augmentation procedure,
several surgical techniques have been developed to achieve primary
closure of bone augmentation sites.

For the maxilla, different releasing strategies haven been postu-
lated for the buccal flap. A periosteal releasing incision connecting
two vertical incisions is made to achieve elasticity of the flap. This
releasing incision is further reinforced, until a completely tension-
free wound closure was possible*? (Figure 2). In addition, coronally
positioned palatal sliding flaps have been described to achieve a suf-
ficient sliding position of the palatal tissue.*3

When regenerative procedures are performed in the mandible,
coronally advanced lingual and buccal flaps have been widely pos-
tulated.**~*® In most of these techniques for the lingual flap, a full

FIGURE 1 Clinical appearance of flap after incision revealing the
importance of a minimal thickness of at least 1 mm prior to guided
bone regeneration procedure.
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thickness preparation is executed to the mylohyoid line and then
released by blunt detachment (i.e., with a Pritchard elevator) of the
insertion of mylohyoid muscle from the inner part. On the buccal
side, a full-thickness flap is raised, and then the buccal flap is re-
leased holding the flap in tension with an anatomical forceps and by
releasing the periosteum to a depth of approximately 1 mm apically
to the muco-gingival junction and coronally to the vestibular fornix.

In short, with respect to flap mobilization, periosteal releasing
incisions on the buccal and lingual flaps are recommended - in par-
ticular, on the lingual aspect a blunt preparation of the insertion of
the mylohyoid muscle is recommended. Palatal sliding flaps might be
used to increase tension-free wound closure in the anterior maxilla.

2.4 | Suturing technique

One of the basic premises of bone regenerative surgery is the atten-
tion to passive wound closure and, by this, wound stability over the
first postoperative weeks. Wound stability primarily depends on the
early formation and organization of the blood clot without any bac-
terial contamination and the establishment of an attachment of the
clot resistant to mechanical forces. The tensile strength of the muco-
gingival-flap to tooth-surface interface significantly increases from
approximately 200 g within days of wound closure to reach 340g at
7 days and can reach 1700g at 14 days in experimental periodontal
defects.*” During the early events of tissue healing, wound stability
relies almost completely on sutures and on healing in a submerged
environment.

Therefore, sutures aim to passively adapt wound margins and to
maintain this wound stability over at least 2weeks. In order to pro-
mote optimal wound stability and to withstand mechanical forces,
a strategic placement of sutures should carefully be considered.
Hogstrom et al. studied suture-holding strength in intestinal and
laparotomy wounds and showed a decreased holding strength at 24-
and 48-h post-incision.*”*° Aggregation of an inflammatory infiltrate
extending up to 3mm from the incision line compromised the integ-
rity of these sutures. Therefore, placement of holding sutures in the
zone of inflammation may not be advisable.

Single interrupted sutures only close the superficial layers of the
wound without stabilizing the entire wound and consequently are
more prone to wound dehiscence and exposure during the healing
phase.’® Indeed, interrupted sutures apply pressure only in one point
of the wound surface creating local ischemia.*?

Therefore, suturing may be manipulated to improve wound sta-
bility using holding sutures such as (modified) vertical and/or (mod-
ified) horizontal mattress sutures placed distant from the incision
margin. Thus, pressure is eliminated from the wound margins and
the wound can be protected against tensile forces. Following these
holding sutures, primary wound closure is then completed by in-
terrupted sutures approximating the incision lines. Additionally, by
using holding or sling sutures the pressure and the ablative forces
on a single interrupted suture over the flap margins are reduced and
more equally distributed over the flap. As an example, most of the
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FIGURE 2 (A-C)Clinical appearance of the surgical area prior to surgery (A), after stabilization of a customized Ti-Mesh filled with
demineralized bovine bone mineral and autogenous bone harvested from the ramus (B), and optimal tension-free submerged healing after

performing deep releasing incisions on the buccal flap (C).

proposed techniques for vertical and horizontal bone regeneration
advocated a combination of deep horizontal mattress sutures with
U stiches as a first line of wound closure and a series of interrupted
or double-interrupted sutures as a second line of wound closure
(Figure 3). In addition, it has been described, that periosteal vertical
mattress sutures using adsorbable suture material are able to firstly
stabilize the barrier membrane and secondly add to a more passive
wound closure using a combination of horizontal mattress sutures
and superficial interrupted sutures.”®

When analyzing the healing patterns following suturing, it should
be underlined that the sole act of applying a tensile force where the
notch is placed initiated substantial and significant trauma®? and that
consequently the microcirculation is severely affected, jeopardizing
optimal wound healing. Clinically, this implies that sutures should be
kept in situ “as short as necessary as long as needed”; more in detail,
several local factors should be carefully considered during the first
healing phase in order to avoid the risk of standardized suture re-
moval after 7-10days. Indeed, if after only 1week, sutures applied
on the vertical releasing incisions might be removed, the same pro-
cess is not recommended where mid-crestal incisions are performed
to limit the risk of early exposure of the grafted area.?!

In conclusion, with respect to suturing techniques, a multi-layer
wound closure using deep horizontal/vertical mattress sutures

FIGURE 3 Ideal tension-free flap adaptation by means of
horizontal mattress sutures at least 2mm away from the incision
line.

at least 3mm distant from the wound margin combined with in-
terrupted sutures to close the marginal flap areas are advocated
(Figure 4).

3 | IMPORTANCE OF THE PERI-IMPLANT
KERATINIZED MUCOSA FOR BONE
REGENERATIVE PROCEDURES AND TO
MAINTAIN PERI-IMPLANT HEALTH

It has been widely noted that tissue deficiencies such as horizontal
and vertical bone defects are often associated to lack of soft tissue
quality and quantity.!® Consequently, especially in challenging cases,
both soft and hard tissue augmentation procedures are necessary
to foster a proper site for prosthetically driven implant placement.

Soft tissue augmentation can be performed either to increase
the keratinized mucosa width (KMW), in order to facilitate oral hy-
giene procedures, or to increase mucosal thickness (MT), in order to
establish a proper peri-implant tissue volume.

The role of the soft tissues for the long-term maintenance of
peri-implant health has been an important topic of discussion among
the experts, for several decades. Part of it originated because of
the confusion regarding the terminology used. Recently, Avila-Ortiz

et al.>*

proposed a comprehensive description of the three soft-
tissue components of the peri-implant phenotype (Figure 5):

The peri-implant KMW is the height of keratinized soft tissue
that runs in an apico-coronal direction from the mucosal margin to
the mucogingival junction.

Peri-implant MT is the horizontal dimension of the peri-implant
soft tissue, which may or may not be keratinized.

The peri-implant supracrestal tissue height is the vertical dimen-
sion of the soft tissue that surrounds a dental implant from the mu-
cosal margin to the crestal bone.

Historically, classic studies attributed minimal importance to the
peri-implant soft tissue conditions. Heitz-Mayfield, in a systematic
review for the Sixth European Workshop on Periodontology found
“no association between the absence of keratinized peri-implant
mucosa and peri-implant disease”.>® Later, Esposito et al.’® stated
that there is “insufficient reliable evidence to provide recommen-
dations whether techniques to increase the width of keratinized/
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FIGURE 4 (A-P)exemplifies this approach in the posterior mandible. Pre-operative clinical situation showing a minimal amount of
keratinized mucosa (A). Intra-operative scenario revealing the need for horizontal bone augmentation to allow an ideal implant placement (B),
the application of an e-PTFE membrane fixed with pins to stabilize the bone graft (C), and clinical appearance immediately after suturing (D).
At 6 months follow-up, optimal soft-tissue (E) and hard tissue healing (F and G) allows prosthetically-driven implant placement in region 44-
46 (H) followed by a submerged healing (1). After an additional 3months healing period (L), a split thickness flap was performed (M) to allow
the placement of a free gingival graft on the buccal aspect (N) to increase the quantity and quality of keratinized mucosa. Clinical appearance
after 3months of healing (O) at the time of delivery of the final screw-retained metal-ceramic restoration (P).
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A, Keratinized Mucosa Width
(KMW)

A2 Mucosal Thickness
(MT)

A; Supracrestal Tissue Height
(STH)

B1 Peri-Implant Bone Thickness
(PBT)

Mucosal
Margin

Peri-Implant ___|
Bone Crest

Mucogingival
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FIGURE 5 lllustration of the different components of the peri-
implant phenotype according to Avila-Ortiz et al.>*

attached mucosa are beneficial to patients or not”. In the same
period, Wennstrom and Derks®” during the third EAO Consensus
Conference found out that the evidence in support of the need for
keratinized tissues around implants to maintain health and tissue
stability is limited.

In more recent years, the attention of the scientific community
over the importance of soft tissues has dramatically increased as
demonstrated by the great number of systematic reviews published
in a short period of time: in particular, Gobbato et al.*® found out
that reduced KMW around implants appears to be associated with
clinical parameters indicative of inflammation and poor oral hygiene,
suggesting the need of a certain amount of KT to guarantee peri-
implant health. In the same years, similar conclusions were drawn
by Lin et al.>” and Brito et al.®® who found that lack of adequate KM
around endosseous dental implants is associated with more plaque
accumulation, tissue inflammation, mucosa recession, and attach-
ment loss.

During the 2017 World Workshop, Hammerle and Tarnow® re-
ported that a significant amount of controlled prospective studies
with medium-sized patient samples indicated that thin soft tissue
around implants leads to increased peri-implant marginal bone loss
compared to thick soft tissue. Most of the data, however, were pub-
lished by one group of researchers.

In addition, the second Consensus Meeting of the Osteology
Foundation was devoted to the maintenance of peri-implant soft
tissues; indeed, the systematic review presented by Thoma et al.®?
concluded that soft tissue grafting procedures resulted in a more
favorable peri-implant health: (i) in order to gain keratinized mucosa
using autogenous grafts with a greater improvement of bleeding in-
dices and higher marginal bone levels; (ii) in order to increase MT
using autogenous grafts with significantly less marginal bone loss.
From a clinical point of view, it has to be mentioned that, even-
though the application of a FGG to gain KM in posterior area is still
considered the standard of care, this procedure does present some
disadvantages such as a relative high patient's morbidity and that
the harvested tissue undergoes significant shrinkage during the first
healing phase.

More recently, Tavelli et al.®® found out that apically positioned
flap in combination with soft tissue graft was associated with reduc-
tion of probing depths, soft tissue dehiscence, and plaque compared
to non-augmented sites. The evidence regarding the effect of peri-
implant soft tissue phenotype modification on peri-implant bone
level preservation is inconclusive.

In 2021, the EAO organized the sixth Consensus Conference.
Fickl et al. investigated the influence of soft tissue augmentation
procedures around dental implants on marginal bone level changes
and found out that soft tissue augmentation either for augmenta-
tion of keratinized mucosa or soft tissue volume inconsistently influ-
enced marginal bone level changes when compared to no soft tissue
augmentation, but consistently improved secondary outcomes such
as bleeding indices, mucosal inflammation, and peri-implant pocket
depth. The combination of soft and hard tissue augmentation
showed no statistically significant difference in terms of marginal
bone level changes when compared to hard tissue augmentation
alone but resulted in less marginal soft tissue.’®¢* Similar results
have been published in the same period following the 2022 DGlI,
Osteology Foundation, and SEPA by Ramanauskaite et al.®> who
stated that, based on the observation that significantly less bone
loss occurs around implants placed in thick tissue phenotypes com-
pared to thin phenotypes, clinicians may be encouraged to augment
thin, soft tissue before or during implant placement to enhance cr-
estal bone stability.

One of the remaining open questions is whether specific clinical
thresholds in soft tissue thickness should be used to distinguish be-
tween peri-implant health and disease: as reported by Ravida et al.¢
the presence of KM is not essential to achieve peri-implant health,
but the quality of evidence supporting KM as a risk factor for peri-
implant disease and the 2-mm cutoff point used in the literature is
low at best. Very recently, Tavelli et al. reported that implant sites
characterized by the presence of KM were associated with a high
stability of the peri-implant soft tissue margin.®’

Two factors may have influenced the results of this literature
research. First of all, different thresholds were used by differ-
ent researchers to define an adequate width of KM to maintain
peri-implant health. From a clinical perspective, the presence of a
soft tissue seal around the collar of the implant, regardless of the
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FIGURE 6 (A-S)exemplifies this approach in the mandible of a 45-year-old female patient. She had previously received implants at sites
35 and 36, which presented severe peri-implantitis. After surgical removal of the implants, bone augmentation was required, as the bone
was not sufficient to places in a correct position. The clinical examination revealed thin phenotype and minimal keratinized mucosa width.
To reduce the risk of soft-tissue dehiscence and of exposure or infection of the area following guided bone regeneration, the patient was
advised that preliminary soft-tissue augmentation would be beneficial prior to any attempt at bone regeneration.
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dimensions, works as an effective barrier, capable of biologically
protecting the peri-implant structures still seems of paramount im-
portance. In this regard, it may be reasonable to suggest that an ab-
sence of KM and the presence of a thin (0-2 mm) band of keratinized
tissue should be considered to represent two different clinical condi-
tions, even though they were included in the same group, in several
studies. The other important factor that could explain the lack of
association between paucity of KM and peri-implantitis, is that the
incidence of peri-implantitis increases with time. Therefore, in order
to demonstrate a possible association, we would need several long-
term studies, when instead the vast majority of the research on this
topic is limited to a few years of follow-up.687°

Several studies have demonstrated the use of various techniques
for vertical ridge augmentation in cases of severe alveolar ridge at-
rophy, with the use of non-resorbable or resorbable membranes
supported by a space-making device, or by the use of a titanium
mesh.”Y73 These studies have also shown though that the use of
a barrier device is a technique-sensitive procedure that is subject
to surgical complications.”* Recently, to overcome these problems,
the use of customized Ti-Meshes have been proposed and validated:
more specifically, based on the CBCT files gathered from the 3-D
radiographic evaluation, the Ti-Mesh is created based on the bone
defect morphology taking in the consideration the final position of
the implant-supported restoration according to the concept of pros-
thetically driven bone augmentation procedure.”® This procedure
does present several advantages, such as the pre-surgical evaluation
of the 3D design of the mesh and an intraoperative optimal adaption
to the alveolar ridge defect. Finally, and most importantly, even in
cases of post-operative wound dehiscence with partial mesh expo-
sure to the oral cavity, signs of graft infection were rare and do not
preclude from implant placement.”?

One of the main reasons for GBR failure is related to exposure
of the barrier device which leads to bacterial contamination of the
surgical area and infection, which compromises the outcome of bone
regeneration.

Even though there are no specific studies on this matter, it is rea-
sonable to assume that membrane exposure, particularly during the
first 4 postoperative weeks, may be higher in patients who present
a very thin mucosa, and/or no keratinization and/or scar tissues. In
specific circumstances, it may be indicated to optimize the quantity
and the quality of the soft tissues, before hard tissue regenerative
procedures are carried out.

Consequently, from a clinical point of view, it would be reason-
able to advise surgical interventions aimed at re-creating ideal soft-
tissue conditions whether prior to bone regenerative procedures or
prior to final prosthesis delivery (Figure 5).

The importance of the soft-tissue thickness flap during GBR
procedures has been recently underling in a 3-year randomized con-
trolled trial where it was found that implant sites that underwent
horizontal GBR experienced more soft-tissue recession than those
treated with a connective tissue graft.76 This finding should be taken
into consideration by clinicians during the decision-making process,
especially in aesthetically demanding cases (Figure 6).

4 | CONCLUSIONS

Based on the present level of evidence the following conclusions can

be drawn:

e Horizontal and vertical bone regenerative procedures are effec-
tive interventions in terms of bone formation around dental im-
plants but are not free from post-operative complications which
may have a negative impact on the clinical outcomes and on pa-
tients' morbidity.

e One of the most common complications, particularly in case of
soft tissue deficiencies, is flap dehiscence with subsequent mem-
brane or mesh exposure.

e Several surgical aspects such as flap design, tension, mobilization,
and suture techniques must be taken into consideration prior to
and during surgery to obtain an optimal healing.

e The presence of an adequate quantity and quality of soft-tissues
play an important role in the long-term maintenance of peri-
implant health.
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