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Abstract

Objective: To review the impact of key peri-implant soft fissue characteristics on
health and esthetics.

Main considerations: The keratinized mucosa width (KMW), the mucosal thickness
(MT), and the supracrestal tissue height (STH) are essential components of the peri-
implant soft tissue phenotype. An inadequate KMW (<2mm) has been associated
with local discomfort upon oral hygiene performance and increased risk for the
onset of peri-implant diseases. A minimum buccal MT (22mm) is generally required
to prevent esthetic issues related to the effect of fransmucosal prosthetic elements
on the color of the mucosa and can also contribute to long-term mucosal stability.
STH is directly related to marginal bone remodeling patterns during the early
healing process that follows the connection of transmucosal prosthetic
components. Short STH, generally defined as <3mm, has been consistently
associated with marginal bone loss resulting from the physiologic establishment of
the mucosal seal. Insufficient STH may also derive into the fabrication of
unfavorable transmucosal prosthetic contours, which frequently results in
unpleasing esthetic outcomes and predisposes to submarginal biofim
accumulation. Peri-implant soft tissue dehiscences (PISTDs) are a type of peri-
implant deformity that are associated with esthetic issues and often occur in sites
presenting KMW, MT, and/or STH deficiencies. PISTDs should be correctly
diagnosed and treated accordingly, usually by means of multidisciplinary therapy.
Conclusion: Understanding the impact of different dimensional and morphologic
features of the peri-implant mucosa on health and esthetic outcomes is
fundamental to make appropriate clinical decisions in the context of tooth

replacement therapy with implant-supported prostheses.



1. Introduction

In contemporary implant dentistry, survival is no longer the ultimate endpoint.
Other treatment outcomes related to peri-implant health and esthetics have
been set to define therapeutic success.

Two tissue compartments support and surround implant fixtures and implant-
supported prostheses: the peri-implant mucosa and the peri-implant bone. Since
the inception of implant dentistry, for decades, clinical practice and research
pivoted around the relevance of the peri-implant bone, specifically on how to
predictably achieve osseointegration in the shortest possible time and on the
optimization of bone-related implant site development interventions. However,
in recent times the focus has shifted towards the peri-implant soft tissue and the
clinical relevance of its phenotypical features.

Three distinct components of the peri-implant soft tissue phenotype (i.e., the
morphologic and dimensional features of the peri-implant mucosa) deserve
special attention: the keratinized mucosa width (KMW), the mucosal thickness
(MT), and the supracrestal tissue height (STH).! Mounting scientific evidence has
demonstrated the crucial role that each one of these elements plays on the
outcomes of implant therapy. Therefore, careful analysis of each individual
constituent of the peri-implant soft fissue phenotype and the identification of
related deformities is required for proper diagnosis and tfreatment planning.

The objective of this narrative review is to provide an up-to-date evidence-
based perspective on the effect that phenotypical (morphological and
dimensional) peri-implant soft tissue characteristics have on health and esthetic
outcomes, as well as a brief overview the therapeutic management of peri-
implant soft tissue deformities that may compromise the success of implant

therapy.



2. The peri-implant mucosa

The peri-implant mucosa is oral mucosa adapted to the presence of an
osseointegrated implant and its fransmucosal prosthetic components.2

On its oral surface, the peri-implant mucosa is covered by a strafified
squamous epithelium that may be keratinized or not (Figure 1). Keratinized
mucosa (KM) is masticatory in nature and its external surface is covered by a
keratinized stratified squamous epithelium identical to the oral epithelium that
lines the gingiva (Figure 2). If present, this keratinized epithelium extends apically
from the mucosal margin to the mucosal junction, where it meets the lining
alveolar mucosa, which is non-keratinized. In the absence of keratinized mucosa,
only alveolar lining alveolar mucosa can be observed around implant fixtures
and fransmucosal components.

On its internal surface, three different peri-implant soft tissue compartments
may be observed from the mucosal margin to the peri-implant bone crest: 1. The
sulcular epithelium, which may be partly keratinized on its coronal aspect; 2. The
junctional epithelium, which is non-keratinized; and 3. the supracrestal
connective fissue.

Although often indistinguishable from the gingiva and alveolar lining mucosa
that is typically observed around teeth after a simple visual assessment, the peri-
implant mucosa presents some important biological and structural differences.
Notably, the connective tissue of the peri-implant mucosa normally contains a
higher proportion of collagen fibers and exhibits lower cellularity and vascularity.
In addition, there is no connective tissue attachment to the tfransmucosal implant
surfaces, but rather epithelial adhesion through hemidesmosomes and a direct
contact of the underlying connective tissue.3 4 Also, the supracrestal soft tissue is

generally taller around implants.5 ¢ These features result in a reduced protective



response, and a higher susceptibility to the onset and progression of microbial-

based inflammatory diseases compared to the periodontal tissues.”



3. Significance of KMW on peri-implant health and esthetics

KMW is the vertical dimension of keratinized soft tissue that runs in an apico-
coronal direction from the mucosal margin to the mucosal junction. As previously
mentioned, this phenotypic component may be present or not, as there are peri-
implant sites that do not exhibit any keratinized mucosa.

3.1.  KMW and peri-implant health

According fto existing evidence in the field of periodontology, the presence
of attached gingiva, which is keratinized by definition, is beneficial in patients
with suboptimal oral hygiene; whereas patients with adequate plaque conftrol
may not benefit from the presence of a minimum width attached gingiva.8
However, it must be noted that absence of or a reduced width of gingival tissue
(<2 mm, of which T mm should be afttached) has been linked to an increased
risk for the appearance of gingival recession defects and non-carious cervical
lesions.? 10

Although it is well established that there is no connective tissue attachment
around implants, when there is sufficient KMW and part of it is attached to the
alveolar bone, the peri-implant soft tissue collar is more firmly adapted to the
fransmucosal prosthetic components and the mucosal seal is, therefore, more
efficientin preventing bacterial apical migration.'-12On the contrary, friable and
movable non-keratinized mucosa, predisposes for biofilm accumulation, leading
to a steady status of inflammation and sparse soft tissue healing.8 11

Interestingly, it has been shown that pro-inflammatory mediators, such as
prostaglandin E2, interleukin-1Tbeta, and fumor necrosis factor-alpha, are
upregulated in sites lacking KM.13 14 This may explain why the severity of mucositis
is increased in peri-implant locations that do not exhibit KM'5 and why presence

of KMW is correlated to resolution of peri-implant mucositis in humans.’2 In



addition, it must be noted that the lack of KM has been associated with shallow
vestibular depth.’ This may hamper the patient’s ability fo achieve an adequate
plague control and may further contribute to the onset and progression of peri-
implant diseases (Figure 3 and 4).

Early studies on this topic suggested that a lack of KM is not necessarily
correlated with a higher prevalence of peri-implant disease.'” Recent data has
demonstrated, however, that the presence of 22mm of KM is associated with
reduced plaque and bleeding scores, and a lower risk for apical displacement
of the mucosal margin, patient discomfort upon oral hygiene performance, and
bone loss (Figure 5).'" 1820 Fyrthermore, it has been shown that in erratic
maintenance compliers (<2 Vvisits/year) the incidence of peri-implant
inflammation and marginal bone loss were substantially higher in sites presenting
<2mm of KMW.2ZI |In alignment with these findings, Kungsadalpipob et al.
observed in a cross-sectional study that peri-implant sites presenting no KM were
associated with a higher prevalence of plaque accumulation, apical migration
of the mucosal margin, marginal bone loss and peri-implantitis.22 Conversely,
Roos-Jansdker et al. found only a slightly higher rate of peri-implantitis in sites that
lacked KM.2 However, it was also observed that those sites lacking KM were
associated with a higher prevalence of peri-implant mucositis, which always
precedes peri-implantitis in susceptible individuals. Similarly, Lim et al. in a
retrospective 5-year analysis of clinical data from a population of compliant
patients showed that the band of KM had a negligible role on peri-implant tissue
conditions (Table 1).24

Hence, in light of existing evidence it seems that the lack of or <2mm of
KMW should be considered as a local predisposing factor for the occurrence of

peri-implant disease and apical migration of the mucosal margin in patients not



enrolled in an adequate supportive maintenance program and in sites where
self-performed oral hygiene measures are inefficient (Figure 6).

3.2.  KMW and peri-implant esthetics

Compared to KM, non-keratinized lining mucosa is less stable and more
friable, which increases the risk for progressive apical migration of the mucosal
margin, particularly in sites also presenting thin MT, which will be addressed in the
next section of this article. Lining mucosa also exhibits a darker red color, in
contrast with the coral pink tone of healthy KM. For those reasons, sites lacking
KM on the buccal aspect are more prone to present esthetic problems.2>

3.3. Clinical management of KMW deficiency

The use of an autogenous free epithelized mucosal graft is generally
acknowledged as the gold standard therapy to treat sites presenting a
complete absence of or areduced KMW with the purpose of preventing disease
onset and progressive deterioration of the mucosal architecture.2¢ Furthermore,
in peri-implantitis sites presenting KM deficiency, predictable and favorable KM
gain and disease resolution have been reported after a dual therapeutic
approach combining a partial thickness flap and implantoplasty for surface
decontamination with the subsequent application of an autogenous free
mucosal graft (Figure 7).27 Interestingly, the use of collagen matrices for KMW
augmentation has been shown to render acceptable clinical outcomes
compared to the free autogenous graft in areas free of disease and in sites
presenting peri-implantitis.28 2?7

While an autogenous free mucosal graft approach is the most predictable
therapeutic option to gain keratinized fissue and recreate peri-implant health in
a site presenting deficient KMW,2¢ this approach usually results in poor tissue color

integration, which can be problematic in esthetfic areas due to low patient



satisfaction.®0 In situations where esthetics are priority other alternatives may be
considered. For example, in sites presenting adequate vestibular depth
(24mm),'¢ a bilaminar technique consisting of the combination of an autogenous
connective tissue graft together with a coronally advanced flap,3! either with a
trapezoidal or tunnel design, can be a viable opftion. In the presence of shallow
vestibular depth, the use of collagen matrices alone or in conjunction with an

autogenous mucosal strip graft can result in favorable outcomes.32 33



4. Significance of MT on peri-implant health and esthetics

MT is the horizontal dimension of the peri-implant soft tissue, which may or
may not be keratinized. It is important to recognize that MT may vary at different
vertical locations, from the mucosal margin to the vestibular fornix, within the
same peri-implant area. The relevance of MT is particularly critical in the cervical,
most coronal region of the peri-implant mucosa. Although the minimum MT
required to maintain long-term peri-implant health and to achieve predictable
esthetic results may vary from site to site as a function of local anatomical
features and the characteristics of the implant-supported prosthesis, current
evidence suggests that a minimum of 2 mm is often associated with favorable
outcomes.34

4. 1. MT and peri-implant health

According to the findings of a systematic review that analyzed the effect
of soft tissue augmentation on peri-implant health, thicker MT is associated with
peri-implant marginal bone stability.3> Although thicker peri-implant soft tissue
seems to be generally beneficial for peri-implant health (Figures 8 and 9), the
effect of MT on other clinical parameters, such as implant survival, prevention of
biofilm accumulation, and the subsequent onset of peri-implant disease, has not
been elucidated yet (Figure 9).

4. 2. MT and peri-implant esthetics

In general, the esthetic appearance of the peri-implant mucosa is inferior
to the gingiva around teeth,3¢ whichis often correlated with a MT deficit. In fact,
the importance of MT on the esthetic outcomes of implant therapy has been well
documented. Empirical and clinical evidence indicates that a minimum MT,
particularly in the most coronal areq, is required to prevent tissue discoloration

due to partial tfransparency of the transmucosal abutment. This is particularly



critical around implants that are placed in the esthetic zone in patients with a
high smile line and when abutments with a grey shade (e.g., conventional
titanium abutments) are employed. An in vitro study by loannidis et al. revealed
that while all reconstructive materials resulted in variable degree of mucosal
discoloration this decreased with increasing MT. They also observed that the use
of fluorescent zirconia or gold alloy led to less mucosal discoloration.?” Other
investigations on this topic have consistently shown that the mucosal
discoloration effect can be predictably avoided if MT is at least 2 mm.36. 38-41

There is also evidence indicating that thick mucosa is associated with a
lower risk of developing apical migration of the mucosal margin in patients that
have been carrying implant-supported restorations for an extended period of
time (mean follow-up = 7.65 years).#2 In a recent study, Firhauser et al. observed
that the more palatal the implant is positioned and, therefore, the thicker the
facial peri-implant bone, the less apical migration of the mucosal margin .43
According to these findings, it could be extrapolated that implant position
largely influences buccal MT and the stability to the mucosal margin.
Additionally, a systematic review on the topic of peri-implant soft tissue
phenotypic features and esthetics concluded that the pink esthetic score# is
usually higher in sites presenting at least 2mm of MT. Additionally, apical
migration of the marginal mucosa is more prone to occur in the presence of thin
phenotype, which usually leads to unpleasant esthetic outcomes and low
patient satisfaction.45

4.3. Clinical management of MT deficiency

Surgical interventions aimed at thickening the mucosa at implant sites are
frequently indicated to prevent esthetic problems prior to or after the delivery of

the final implant-supported prosthesis with the purpose of enhancing the



appearance of sites that already exhibit discolorations due to the presence of
thin mucosa. A bilaminar approach consisting of the combination of a
repositioned or a coronally advanced flap (depending on the anatomical
configuration of the site and the treatment goals a tunnel approach may be
preferred to preserve the integrity of the interproximal papillae) in combination
with an autogenous connective ftissue graft or a soft tissue graft substitute is

generally recommended to correct MT deficiencies.2s



5. Significance of STH on peri-implant health and esthetics

The peri-implant supracrestal tissue height (STH) is the vertical dimension of
peri-implant soft tissue that surrounds a dental implant from the mucosal margin
to the crestal bone.

In the periodontal literature, the classic term “biologic width”, which has
been recently replaced with “supracrestal tissue attachment” (STA),4 refers to
the vertical compartment extending from the most coronal point of the
junctional epithelium to the base of the connective fissue.

Although similar, the concept of STH around implants is not analogous to
the STA around teeth. The peri-implant STH encompasses the entire vertical
dimension of the peri-implant mucosa from the mucosal margin to the peri-
implant bone crest, including the sulcular epithelium, the long junctional
epithelium, and the supracrestal connective tissue, which is directly in contact
with, but not attached to transmucosal prosthetic components.

As previously discussed in this article, compared to the lamina propria of
the gingiva, the peri-implant connective tissue typically has lower cellularity, less
density of blood vessels, and a higher proportion of collagen fibers that mainly
run in parallel to the implant surface.> Additionally, the vertical dimension of the
peri-implant supracrestal tissue is taller than its counterpart around teeth by an
average of 1.0to 1.5 mm.é47.48

5. 1. STH and peri-implant health

Establishment of the STH is a physiologic event that results from the
adaptation of the oral mucosa around an implant-supported fransmucosal
component. In sites presenting limited baseline STH, this process usually occurs at
the expense of physiologic bone remodeling, the magnitude of this effects is

typically larger around bone level implants with the restorative platform placed



juxtacrestally.3* While some investigators have defined short STH as <2mm,4%- 50 in
other studies on this topic this dimension has been set at 3mm.51-54 This range may
be justified depending on macroscopic implant feature and the anatomical
location, as STH tends to be taller in anterior sites. At any rate, the most widely
accepted threshold to define short STH is <3mm.!

Although there is no conclusive clinical evidence indicating that there is a
direct link between a certain threshold of STH and an increased risk for the
development of peri-implant diseases, early marginal bone loss, although often
self-limiting, may jeopardize long-term health. In fact, it has been shown that if
initial marginal bone loss exceeds ~0.5mm over the first 6 months, it is very likely
that the loss will extend to 2mm after 2 years, increasing the risk for the
occurrence and progression of peri-implantitis.>> A 10-year prospective study
validated that implants that exceed 0.5mm during the first year of function are
5.43 times more prone for future peri-implantitis development.>¢ In relation to
these observations, it has been speculated that the partial exposure of implant
surface to the peri-implant sulcus can facilitate bacterial colonization, which
may increase the risk for inflammatory disease.>” This can also be related to the
fact that insufficient STH due to shallow implant position is also often associated
with the fabrication of esthetically unpleasant and non-cleansable transmucosal
prosthetic contours, which may lead to patient dissatisfaction and onset or
progression of disease (Figure 10).

It must also be acknowledged that STH directly correlates with abutment
height, which may explain why it has been consistently reported by different
investigators that the taller the abutment, the lower the extent of early marginal

bone loss around bone level implants.’8-60 |t is relevant to note, though, that



abutment height may be pivotal on early bone loss even around subcrestal
implants surrounded by thin mucosa,¢! irrespective of STH.¢2

It is, however, important to recognize that an excessively tall STH, far from
being exponentially beneficial, may be associated with some disadvantages in
patients with suboptimal microbial biofilm control. According to the findings of a
study aimed at assessing the effect of STH on the development and resolution of
experimental peri-implant mucositis, mucosal tunnel 23mm was associated with
a less favorable pattern of disease resolution compared to sites presenting a
mucosal funnel of <1 mm.¢ Therefore, it is important to carefully plan and
appropriately execute the surgical intervention to place the implant fixture at
the ideal depth, balancing anatomical, implant and prosthetic factors.é4

5. 2. STH and peri-implant esthetics

While the esthetic implications of STH are not as relevant as those related
to KMW and MT deficiencies, a short STH usually forces the fabrication of
unfavorable emergence profiles that could have detrimental esthetic
consequences. Additionally, incomplete interproximal papillary fill, although not
necessarily, can be associated with short STH. Insufficient papillary height can
predispose for debris impaction and lead to poor esthetic outcomes, particularly
in the esthetic zone. Interestingly, sites exhibiting stable marginal mucosa levels
are associated with papillary height stability.é>

5. 3. Clinical management of STH deficiency

To prevent the occurrence of marginal bone loss as a consequence of
initial physiologic remodeling, it is important to select an implant with adequate
dimensions, accommodate the implant position according to baseline STH, to
employ prosthetic components with contours that can help drive the

establishment of the STH, and to perform soft tissue augmentation, if necessary.



Soft tissue augmentation procedures may involve the use of autogenous
connective tissue grafts or substitute materials.¢6-¢? In sites presenting unpleasant

papillary height, the use of “platform” autogenous soft tissue grafts has been

associated with successful clinical outcomes.”0-72



7. Peri-implant soft tissue dehiscences

Peri-implant soft tissues dehiscences (PISTDs), also known as peri-implant
marginal mucosa defects, are a type of clinical entity that deserves special
attention given its correlation with the peri-implant soft tissue phenotype. These
deformities have been defined as alterations of the peri-implant soft tissue
morphology characterized by an apical discrepancy of the mucosal margin
respective toitsideal position with or without exposure of fransmucosal prosthetic
components or the implant fixture surface.”?

On the other hand, gingival recession defects (GRDs) are defined
periodontal deformities characterized by an apical migration of the gingival
margin respective to the cementoenamel junction (CEJ) resulting in partial
exposure of the root surface to the oral cavity, which may have important
esthetic, functional, and periodontal health implications.’

In the natural dentition, GRDs are assessed by determining the relative
position of the gingival margin respective to the cemento-enamel junction (CEJ).
However, due to the wide variety of implant fixtures and prosthetic interfaces
that can be encountered, a standard reference comparable to the CEJ that
could be utilized consistently and universally does not exist. It should also be
noted that, depending on the prosthetic design, apical migration of the mucosal
margin does not always lead to the exposure of unesthetic tfransmucosal
components.

Furthermore, PISTDs may be caused by true apical migration of the
mucosal margin (i.e., recession) because of, for example, local inflammation,
sustained trauma, or the effect of iatrogenic dentistry (i.e., too facial implant
position),2> 75 by progressive marginal mucosa discrepancies respective to

adjacent teeth due to lifelong craniofacial growth (passive pattern), or a



combination of both patterns. Therefore, the use of the term ‘“recession” at
implant sites is generally not recommended.”é At any rate, the presence of PISTDs
should be determined after the establishment of the peri-implant soft tissue
height once a tfransmucosal component is present.

Interestingly, the presence of an adjacent implant, a longer time of the
implant in function, limited MT, a reduced band of KM, and increased buccal
bone crest distance have been associated with the presence of PISTDs. In turn,
KMW 22mm, presence of adjacent natural teeth, cemented restorations, and
two-piece implants have been identified as protective factors. 25

Treatment of PISTDs primarily aims at recreating an adequate peri-implant
mucosa architecture considering all the phenotypical components previously
addressed in this review (i.e., KMW, MT, and STH). Proper management of these
defects can be very challenging and may require a purely surgical’’- 78 or, in most
situations, a combined multidisciplinary approach, including surgical, prosthetic,

and even orthodontic therapy.”3 77



8. Final remarks

The dimensional and morphological characteristics of the peri-implant
mucosa, particularly in the cervical region, have a major importance in implant
therapy as they can greatly influence short- and long-term health and esthetic
outcomes. Careful assessment and consideration of each individual component
(i.e., KMW, MT and STH) and their dimensional correlation, & as it is not uncommon
to identify concomitant deficiencies (e.g., absence/minimal KMW, thin peri-
implant mucosa, and PISTD), is fundamental to outline treatment needs and
make appropriate clinical decisions.

It is also critical to note that the clinical appearance and structural
configuration of the peri-implant mucosa can be influenced by the position of
the implant fixture®? and the contours of the transmucosal prosthetic
components.82 83 Hence, prior to indicating surgical interventions to modify the
peri-implant soft tissue phenotype it is important to assess whether the implant
fixture is in a restorable position and, if so, determine the need for replacement
or modification of the existing implant-supported prosthesis.

Finally, as previously mentioned elsewhere, it should be acknowledged
that the threshold values proposed in this article, although derived from a
meticulous analysis of relevant available evidence, "may vary depending on
location (anterior versus posterior) and may not be applicable in specific
situations in which the characteristics of the implant-supporting apparatus
deviate from normal, including sites undergoing local inflammatory processes
that may directly influence the dimensions, morphology and/or integrity of the

peri-implant tissues.”!



FIGURES

Figure 1. Photomicrograph of a sample of human keratinized peri-implant marginal
mucosa (left). Note arrangement of the fibers contained within the connective fissue
compartment (right). Histology processed by Peter Schupbach. (Reprinted with

permission from Monje & Avila-Ortiz)84

Figure 2. lllustrations showing (a) the arrangement of the main components of the oral
mucosa and (b) the layers of the keratinized stratified squamous epithelium of the oral

mucosa (Reprinted with permission from Monje & Avila-Ortiz)84
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Figure 3. Alveolar mucosa is often associated with a shallow vestibulum. This often
interferes with self-performed plaque-control measures and typically leads to mucosal

inflammation.

Figure 4. The presence of keratinized mucosa does not ensure an effective soft fissue
sealing in sites where microbial biofilm control is suboptimal and in absence of partial

aftachment of that keratinized tissue to the underlying bone.

21



Figure 5. Edentulous and atrophic alveolar ridges often display a lack of keratinized
mucosa. In these scenarios, adequate biofim control is often challenging due to
discomfort during brushing and the inefficient mucosal sealing. In sites presenting thin
mucosa, this combination of factors frequently leads to apical displacement of the

mucosal margin.

Figure 6. Significance of keratinized mucosa on peri-implant health. (a) Hopeless teeth
were exfracted and (b) ridge preservation was performed to attenuate dimensional
changes. (c) After 4 months of healing the site was surgically re-entered and (d) implants
were placed with adequate primary stability. (e) Clinical and (f) radiographic assessment
after 12 months of functional loading revealed mucosal and bone stability, in consistency

with peri-implant health.
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Figure 7. Peri-implant bone dehiscence defects resulting from peri-implantitis are often
associated with lack of kerafinized mucosa (a). In this case, implantoplasty was
performed (b) prior to soft fissue augmentation using an autogenous free mucosal graft
(c). Note the presence of an increase in keratinized mucosa width and the absence of

clinical signs of peri-implant soft tissue inflammation (d).

Figure 8. Thin mucosal phenotype is frequently associated with esthetic issues and lower

patient satisfaction. Note the horizontal collapse (a and b).
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Figure 9. This clinical example illustrates an implant-supported fixed prosthesis where peri-
implantitis has occurred around the implant that exhibits thinner mucosa (a). Note
suppuration and bleeding on probing (b) that correlates with radiographic (c) and

clinical bone loss (d)

Figure 10. Short STH as consequence of shallow implant placement derived into the

fabrication of an implant-supported prosthesis with unfavorable contours. This made

24



plague control very challenging and eventually lead to peri-implantitis, which was likely
preceded by early physiologic marginal bone remodeling, also because of shallow
implant placement (Images courtesy of Dr. Theodoros Katsaros, private practice in

Toronto, Canadal).
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Table 1. Summary of relevant clinical evidence on the effect of KMW on peri-implant health, in chronological order

Authors
(year)

Study
type

Length of
observatio
nal period

Number of
patients/implants

Supportive
maintenance

Buccal

thresh
old
(mm)

Number
of
implants

Clinical parameters

Mean SBI

Mean PPD

(mm) Mean PI

Mean
apical
migration
of
mucosal
margin
(mm)

Comments

Wennstrom
etal.
(1994)7

Prospecti
ve

5-10 years

39/171

RC

<2

63

NR

NR NR

NR

108

NR

NR NR

NR

e DataonGl,
PPD and Pl was
reported as %
values, hence
mean values
could not be
enclosed in this
table.

e Authors
reported that
absence of
keratinized
mucosa did
not influence
peri-implant
conditions.

Kim et al.
(2009)8s

Retrospe
ctive

13 months
(mean)

100/276

NR

<2

90

0.44

0.72

186

0.32

. No significant
differences in
terms of Gl, PI
and PD were
observed
regardless of
KMW. However,
apical migration
of the musical
margin and MBL
significantly
increased in the
KM deficient
group

Boynuegri
etal
(2013)4

Prospecti
ve

12 months

15/36 (implants
retaining
overdentures were
included in the
analyses)

NR

<2

0.5

NR 0.2

NR

Gl and Pl values
were significantly
higher for
implant sites
presenting
inadequate
KMW
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NR

NR

« Expression of TNF-
aincreased
significantly after
12 months in sites
showing
inadequate
KMW

Romanos et
al. (2015)8¢

Retrospe
ctive

6.4 years

118/320 (platform
switched dental
implants)

42RC /76
EC

<2

199

NR

NR

0.7

02

121

NR

NR

0.4

0.06

A band of 22
mm of KM was
associated with
significantly
lower mBI, Pl and
less apical
migration of the
mucosal margin

Roccuzzo et
al. (2016)87

Prospecti
ve

10 years

98

82%
exhibiting KM
and 68% with

no KM were

RC

42

NR

2.7

NR

86

NR

3.1

NR

0.16

The absence of
KM was
associated with
higher plaque
accumulation,
increased
incidence of soft
tissue
dehiscences,
and a higher
number of sites
that required
additional
surgical and/or
antibiotic
freatment.

Bonino et
al. (2018)ss

Prospecti
ve

6 months

238/216 implants
with mucositis/46
implants
diagnosed with
peri-implantitis)

RC

NR

NR

NR

NR

NR

NR

NR

NR

Patients

without peri-
implant KM were
less satisfied with
the esthetic
outcome

Lack of KM was
not associated
with brushing
discomfort
There was
greater apical
migration of the
mucosal margin
around implants
without KM after
3 months, but
not after 6
months
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Perussolo et
al. (2018)#?

Prospecti
ve

4 years

54/202

RC

112

NR

2.7

0.54

NR

<2

90

NR

2.7

0.921

NR

. Marginal bone
loss was higher in
sites exhibiting
an inadequate
KMW

In the group
presenting
<2mm of KMW,
51.4% patients
reported
brushing
discomfort

Monje et al.
(2019)»

Cross-
sectional

NA

37/66 implants: 26
implants <2mm/40
implants 22mm

EC

40

NR

3.6

0.2

NR

<2

26

NR

4.8

NR

Except for
suppuration, all
clinical and
radiographic
parameters were
significantly less
favorable in sites
with KMW <2 mm
Patients reported
no brushing
discomfort if
KMW was at
least 2.5 mm

Lim et al.
(2019)

Prospecti
ve

5years

87/87

RC

NR

NR

NR

NR

NR

NR

Correlation
between buccal
KMW and PD,
BOP, Pl and MBL
was weak at
baseline and
after three years
of follow-up

Ravida et
al. (2020)%

Retrospe
ctive

52.4
months
(mean)

40/68

RC

42

NR

NR

NR

Sites exhibiting
KMW <2 mm
exhibited
increased SUP
and MBL

The presence or
absence of KM
does not
influence the
outcomes
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<2

26

NR

NR

NR

following surgical
treatment of peri-
implantitis

Kungsadalp
ipob et al.
(2020)22

Cross-
sectional

52 months
(mean)

200/412

RC

380

0.15

32

0.18

Lack of peri-
implant KMW
was associated
with increased
plaque
accumulation,
soft tissue
dehiscences >

1T mm, MBL 2

3 mm, and peri-

implantitis.

BOP: bleeding on probing; EC: erratic compliers; SBI: sulcular bleeding index; KMW: keratinized mucosa with; KT: keratinized tissue; MBL: marginal bone loss; NA: not applies; NR: not

reported; Pl: plaque index; PPD: probing pocket depth; RC: regular compliers; SUP: suppuration; TNF-a.: tumor necrosis factor alpha
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