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Running t igiiificance of soft tissue phenotype

Summaryeurgic, modification of peri-implant soft tissue phenotype may decrease the amount of

future rece‘s'mund implant-supported prostheses.
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Abstracc

Aims: ThiWic review endeavored to investigate the effect of soft tissue phenotype modification

therapy (PhMT-s) at sites with a tooth or an implant supported fixed dental prosthesis.

Materionds: A comprehensive literature search was conducted by two independent

examiners to identify relevant studies reporting differences in clinical, esthetic or radiographic
outcomes (! interest between sites underwent PhMT-s and sites that remained untreated. Risk of bias
assessment culated for all included studies. Meta-analyses involving endpoints of interest were
performed Qsible.

Results ﬂled studies pertaining to tooth sites were identified. A total of six articles reporting
on the outclmes oi)uccal soft tissue phenotype modification around implants were selected, of which,

five were 1 in the meta-analyses. Quantitative analyses showed a weighted mean difference

(WMD) ofi (95% CI=0.25 to 1.72 mm, p = 0.009) for change of tissue thickness; a WMD of

-4.87% =-34.27 to 24.53%, p = 0.75) for bleeding on probing (BOP); a WMD of 0.36 mm

(95% CI=0.1 .59 mm, p = 0.003) for mucosal recession (MR); a WMD of 0.13 mm (95% CI =
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-0.11 to 0.36 mm, p= 0.30 for probing depth (PD); a WMD of 1.08 (95% CI =-0.39 to 2.55, p=0.15)
for pink esthetic score (PES), and a WMD of 0.40 mm (95% CI = -0.34 to 1.14 mm, p = 0.28) for
margina ¢ loss (MBL).

Conclusio @ al modification of peri-implant soft tissue phenotype via PhMT-s may decrease the

amountm@f MiResmture clinical trials are needed to warrant the clinical benefits of modifying soft tissue

phenotype hoth—supported restorations.

Key Wordsad implants, dental implantation, esthetics, gingival recession, peri-implantitis,

systematic e
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Phenotype can be defined as the “appearance of an organ based on a multifactorial combination of

1

genetic traifs af ironmental factors.”” The term “periodontal phenotype”, which encompasses both

a

pe (three-dimensional gingival volume) and the thickness of the buccal bone plate

(dentoalveol morphotype), was recently adopted by the specialty of Periodontics' to replace the
largely misused term “biotype”.” Historically, two main gingival phenotypes, thick-flat and

thin—scalloSd, have been widely employed to describe soft tissue appearance around teeth. Sites

presenting agimgk-flat” phenotype are typically associated with squared tooth crown forms and wider
contact are

en the teeth.” Additionally, the contact point is more apically positioned, often
resulting ifshorter interdental papillae. On the contrary, sites exhibiting a “thin-scalloped” phenotype
normally pisent w‘th tapered crown forms and shorter contact areas between the teeth. Since the

contact poijlly located more coronally, the interdental papilla is often more volume.’
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Unlike the dentate situation, the phenotypical categorization should be used with caution regarding
implant sites due to wide variations resulting from site development procedures, implant placement,
relative Mposnoning and restorative design.’ While the relationship of the papilla to the restoration
is changed the marginal inflammation and bone loss around peri-implant tissues may be
related to thestissmeaphenotype.

-
The result@American Academy of Periodontology Regeneration Workshop provide us with a
variety of sjgat for phenotypic modification of thin to thick phenotype.’ Decades of clinical
experiencem that this is “best practice” strategy for preventing gingival recession and future loss
of attachment.” Seyeral methods have been proposed to categorize soft tissue phenotype around teeth

and dental i Among all of them, visual assessment arguably the most popular method, due to its

simplicity invasiveness.’ This method defines a thin periodontal phenotype if the outline of the

(¢}

probe can d through the marginal soft tissue and a thick phenotype if the outline of the probe

cannot be seen. This classification for determining thin versus thick phenotype has been widely used®®

and is reporteE a reliable alternative to other measurement. Due to its subjective nature, it is
difficul bjective standard for comparison among studies. Alternatively, other proposed
methods inglude direct clinical,” radiographic'® or ultrasonic measurements'' which provide objective

measures for research comparisons. With the probe transparency method, a recent study’ has shown that

the tissue tas consistently qualified as thin if the thickness was 0.6 mm or less, and thick if
this value m. For thickness between 0.7 mm and 1.2 mm, the frequency distributions showed
a desce n thin phenotype and an ascending trend in thick phenotype.’

A thin periodontal Jhenotype may predispose the initiation and/or progression of recession defects.'* "

Olsson and Li nalyzed the characteristics of maxillary central incisors in a cohort of 113 subjects
and show ong-narrow teeth presented more buccal marginal tissue recession than those with a
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short-wide tooth form.'* In addition, a native thick tissue phenotype has been associated with more
favorable clinical outcomes following corrective periodontal procedures, such as root coverage' and
periodormmon.m Similarly, evidence supports that thin buccal peri-implant soft tissues are
associated @ creased risk of future mucosal recession.'”'® However, the decision of surgically
modifymg amthimmtesa thick phenotype using soft tissue grafting procedures (soft tissue phenotype
modiﬁcatih, PhMT-s) with the ultimate goal of achieving satisfactory long-term outcomes
remains a @ial topic.'” The aim of this systematic review was to investigate the effect of

modifying ma thick buccal soft tissue phenotype via PhMT-s around tooth- and

implant-supperte®tixed prostheses in function of relevant clinical, esthetic and radiographic endpoints.

U

Materials and Methods

This systemew adhered to the PRISMA (Preferred Reporting Items for Systematic Review and

Meta-AnalySes ement guidelines.”

Focuse, on

What is the effect of surgically modifying a thin to a thick buccal soft tissue phenotype via PhMT-s

r

around too plant-supported fixed prostheses in function of relevant endpoints, e.g., change in

clinical, rag ¢, and esthetic parameters.

ho

Population A dult individuals presenting intraoral sites with fixed tooth- or implant-supported

t

prosthe

Intervention: Surgigal augmentation procedures (PhMT-s) to modify the buccal soft tissue phenotype

U

after restoration

Compa surgical augmentation procedures to modify the buccal soft tissue phenotype

A
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Outcomes: Changes in clinical, radiographic or esthetic parameters with at least a 6-month follow-up

Article e’t&t’tﬁ criteria

The includ&d had to fulfill all the following criteria:

1) Randemmzer controlled trials (RCTs), non-randomized controlled trials, cohort studies,

L studies, or case series

ca
2) A ‘inimu, of 10 treatment sites per group

3) Re st one of the aforementioned outcomes of interest
4) Pum English

-

Informatio s and Literature search strategy
An electro of Ovid MEDLINE, EMBASE, Web of Science and Cochrane Central was
conducted er 23" 2018 to identify relevant studies.

The search terms used for Ovid MEDLINE, where mh represented the Medical Subject Headings

(MeSH), were: ingival recession"[mh] OR "gingival recession"[all] OR "peri-implantitis"[mh] OR
"periim ] OR "peri-implantitis"[all] OR "dental implants"[mh] OR "dental implants"[all]

OR "esthetjcs, dental"[mh] OR "esthetics"[all] OR "papilla"[all] OR "complication"[all]] OR

"complications”[all]) AND ("dental"[all] or "dentistry"[all]) AND ("phenotype"[all] OR "biotype"[all])

The search
(‘'gingiva di p OR 'gingiva disease' OR 'periimplantitis'/exp OR periimplantitis OR 'tooth
implant 'tooth implantation' OR 'dental procedure'/exp OR 'dental procedure' OR

'esthetics'/eXp OR esthetics OR 'papilla’/exp OR papilla OR 'complication'/exp OR complication OR

d for EMBASE, where exp represented the explosion in the search strategy, were:

'complications'/expdOR complications) AND (‘dental’/exp OR dental OR 'dentistry’/exp OR dentistry)

AND ('% OR biotype OR 'phenotype'/exp OR phenotype)
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The search terms used for Web of Science were: (peri-implantitis or periimplantitis or "dental implants"

or "gingival recession" or papilla or complication or complications or esthetics) AND (dental or

dentistrmwpe or phenotype)

The scapehtemmsmsed for Cochrane Central were a combination of different keywords, including

peri—implalhtype, phenotype, dental implants, etc.

A hand sea Iso carried out in dental and implant-related journals from January 2018 to October

SC

2018, inclu rnal of Periodontology, Journal of Clinical Periodontology, Clinical Implant

Dentistry and Relded Research, International Journal of Oral and Maxillofacial Implants, Clinical

G

Oral Impla rch, Journal of Dental Research, Journal of Prosthetic Dentistry, International

1

Journal of ontics, Journal of Oral Implantology, and International Journal of Periodontics

and Restor@li tistry. Additionally, a hand search of the references in the included papers and

d

review articles was conducted for relevant publications. For the search of grey literatures, Google

Scholar was u identify any articles not included in the aforementioned databases.

V]

Literature selection

i

The initial screening of titles and abstracts was performed independently by two reviewers (GL and

DC). Pote @ es were examined in full-text after the initial screening and their eligibility for this

review wa d after discussion. Agreement between the reviewers regarding study inclusion

was cal kappa statistics.

{

Data extraction

J

Data pertaini re-established outcomes of interest were extracted from the included studies by

two indep eviewers (GL and DC) for subsequent qualitative and quantitative analyses. Data

A
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collected from each study included authors’ names, year of publication, study design, sample size,
demographic information of the participants (age, gender and smoking status), tooth/implant location,
type of mroach, and follow-up period. Outcomes that were considered for the analyses
included sa @ dimensional changes, bleeding on probing (BOP), plaque index (PI), papillary fill
index,”'skcsatimizedhtissue width (KTW), mid-buccal recession (MR), probing depth (PD), pink esthetic
score (PESharginal bone level (MBL). Corresponding authors of reviewed citations were

contacted iflfurthediclarification regarding study methods and/or a more detailed data were needed.

C

Risk of bias“@SseSSment

The Randomized Qinical Trial Checklist of the Cochrane Center™ criteria were applied to evaluate the
following gical aspects of included RCTs: random sequence generation, allocation
concealme , blinding of participants and personnel, blinding of outcome assessment,
incomplet data addressed, selective reporting and other bias (Table 1). The degree of bias was

categorized as: low, high, or uncertain risk.”> Meanwhile, the included non-RCTs were assessed using
the NewcastleE\awa Scale (Table 2).** Each non-RCT study was evaluated and rated from a

maxim rs to a minimum of no stars. Two reviewers (GL and DC) assessed all the included
articles indiﬁendently.

Data synti@

The prirxe was the difference in the recorded parameters when comparing the sites with and

without rafting procedures to modify the tissue phenotype. For each parameter, the pooled

weighted ntean difference (WMD) between the grafted and non-grafted sites was estimated with
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computer software.” The contribution of each article was weighed based on sample size. Forest plots
were produced to graphically represent outcome differences between the grafted and non-grafted
groups wmber of sites as the unit of analysis. In addition, funnel plots (see supplementary
Figures 1A @ online Journal of Periodontology) were generated to assess the presence of
publicationabiasmAmp value = 0.05 was used as the level of significance. Heterogeneity was assessed
with a chi—ht and I test, which ranges between 0% and 100% with lower values indicating less
heterogene@@m-effects meta-analyses of the selected studies were applied if the I” test showed a
value of mmw%; fixed-effects meta-analyses were applied if the I” test presented a value less

than 50%.

Results s

The screeﬂss is shown in Figure 1. Electronic and hand searches yielded 1,831 entries. After

screening titles and abstracts, 32 articles were selected for full-text evaluation. Twenty-six articles were

9,25-49

further exclud the qualitative and quantitative analyses; the reasons for exclusion are listed

l-text review, no literature regarding tooth-supported prostheses was identified.

Therefore, thi ific aim could not be assessed due to lack of evidence. For implant-supported

prostheses, six artic es™

were included for qualitative/quantitative analyses. The kappa value for
inter—revie‘Sr agreement was 0.91 for identified titles and abstracts and 0.92 for full-text articles,
indicating a st perfect” agreement between the two reviewers.”® The main features and

conclusion cluded studies were summarized in Table 4. The features and outcomes of the

studies thafincluded a secondary outcome analysis of tissue phenotype are displayed in supplementary

Table 1 (ariund iwlants)

of Periodo»jhere the influence of phenotype on clinical outcomes is identified.

" Review Ma (RevMan). Version 5.0. Copenhagen; The Nordic Cochrane Centre, The Cochrane

3,37-40, 43, 57-75 48,76

and supplementary Table 2 (around teeth) in online Journal

Collabo 008
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Features of the included studies (implant-supported restorations)

Study desz* and participant features

Four RCTs @ $hort study,” and 1 case-control study®® were included. The age of the participants
ranged fisommmimeteen’’ to cighty-seven® years of age. Three studies™’ excluded smokers from
participatir;udies. All included studies had one study arm using subepithelial connective tissue

graft (SCT@I\/’T-S to thicken the buccal soft tissue phenotype and another study arm without

using SCT(me as a control.

Assessment methodof tissue volumetric change
In terms of ods to measure the phenotype change, one article™ used stereolithographic files to

assess the ic change digitally. Two studies™* > determined the phenotype based on the

transparenriodontal probe. Another two studies’ > used endodontic reamers to assess the

volumetric change. One article’' did not specify the method of assessing phenotype.
AnatoEf study sites

In four of t!e six included studies,’® ****** all fixtures were placed in either the anterior or premolar

regions of the maxillary arch. One study reported placement of the implant fixtures only in the premolar

or molar si maxillary or mandibular arch. ** One study did not specify the implant location.”’

Bone g&bmnes

In additionk SCTG procedure, xenogeneic bone grafting materials and collagen membranes were used

in 1 study’' in wh;'; buccal augmentation via guided bone regeneration (GBR) was applied. The other

studies %m GBR procedures in the study sites.

This article is protected by copyright. All rights reserved.



Immediate implant placement and provisionalization (IIPP)
In addition to SCTG procedure, IIPP protocol was used in two studies.”* > One study’* used xenogeneic
graft mamme gap between the implant and buccal plate, while another study™ used a
combinatio @ genous and xenogeneic graft to fill the gap.

H I
Results of hlyses (implant-supported restorations)
The meta-@unducted in the current study only included cohort studies and RCTs with data
comparing ical parameters between groups with and without SCTG. One case-control study™
was excludmhe meta-analyses since the study performed soft tissue grafting procedures only in
sites with a Voludeeﬁcit on the buccal aspect of the implants, and therefore posed a risk of bias in

baseline co between the grafted and non-grafted groups. The information of this case-control

study is sti in Table 4 for further reference.

Two RCTs’*~ evaluated change in tissue thickness. The results presented a WMD of 0.98 mm (95% CI

=0.25t0 1.7 =0.009, Figure 2A), favoring the SCTG group. The comparison presented a high
heterog en the pooled studies (I*= 80%).

-

Two articles™  evaluated BOP reduction. The results indicated a WMD of -4.87% (95% CI=-34.27 to

24.53%, p 0 statistical significance was found (Figure 2B) between groups. The comparison
presentcrerogeneity between the pooled studies (I*= 77%).

Three artic!s!l’! ’!5 evaluated MR. The results indicated a WMD of 0.36mm (95% CI=0.12 to 0.59

J

mm, p = 0.003). atistically significant difference was detected (Figure 2C), favoring the SCTG

group. There ow (I=31%) heterogeneity among compared studies.
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51,52,55

Regarding PD reduction, three articles were analyzed. The results indicated a WMD of 0.13 mm

(95% CI=-0.11 to 0.36 mm, p = 0.30). No statistical significance was found (Figure 2D) between

groups. erison presented a low heterogeneity among the pooled studies (I = 0%).

In termsmw fiRESmthwee studies®™ >* > were analyzed. The results indicated a WMD of 1.08 (95% CI =

-0.39 to 2.&15). No statistical significance was found (Figure 2E) between groups. The

compariso@d a high heterogeneity among the pooled studies (I*= 90%)).

Four RCTsme pooled to evaluate MBL. The results presented a WMD of 0.40 mm (95% CI =

-0.34 to 1.14 mm, s= 0.28). No statistical significance was found (Figure 2F). The comparison

presented terogensity (I’ = 77%) among the studies.

Due to the m\fﬁcient data, a meta-analysis could not be completed on PI, KTW and papillary

index. One cohort study’' reported the outcome of PI and did not detect a statistically significant
difference betghe grafted and non-grafted groups (p = 0.118). Only one study’” reported the
change r grafting and did not find a significant difference. One RCT** reported the outcome
of papillary index and did not find a statistically significant difference between the grafted and

non-grafte (p = 0.47 for mesial papilla and p= 0.35 for distal papilla, respectively). The

in these Iwas identified between groups with and without SCTG.
Risk of biﬂ assessment

The risk of bias eVSuation for RCTs were summarized in Table 1. Of the 4 included RCTs, one s‘cudy55

was ran%visk of bias in every category. Two studies®> >* were considered to have a category

This article is protected by copyright. All rights reserved.
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with an uncertain risk of bias. One study™ was identified with an uncertain risk of bias in one area and a

high risk of bias in a second category.

The risk oent for non-RCTs were summarized in Table 2. The two studies*® > were

scored Gustamssomtmef 9 stars according to the Newcastle—Ottawa Scale,* and therefore were determined

to have a chﬂe risk of bias.
Discussim

The signifi TW around teeth with restorations’” ’® or dental implants’ has been evaluated
e

while the 1

review ain¢tify the potential benefit of modifying thin phenotype to thick phenotype through
From

of soft tissue phenotype has not been widely analyzed. Therefore, the current

PhMT-s. 1s review process, only two articles* 7

(see supplementary Table 2 in online Journal
of Periodo@ere identified that contained secondary data analyses related to tooth-borne

vitro study’® concluded that a thick gingival phenotype could prevent tissue color

change cause e materials. Another study*® concluded that crowns with a thick gingival phenotype
1n significantly less recession than those with a thin phenotype when using metal-ceramic
Crowns. Dls to the scarcity of clinical trials, future studies are warranted to evaluate the clinical benefits
of surgicall nting a thin gingival phenotype to a thick phenotype around a tooth-borne
restoration.

-

Several stﬁles ’ ' " have reported a positive correlation between the gingival phenotype and the

buccal plajs, Therefore, when encountering a site with a thin gingival phenotype, clinicians

should be possible thin underlying buccal plate for future implant placement. Interestingly,
one study’ ed that there was no significant correlation between the gingival phenotype before

tooth extractio the peri-implant tissue phenotype after implant placement. This lack of correlation
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may result from several factors, including tissue remodeling processes, implant type, implant
orientation/position, and possible grafting procedures.”* Clinicians are advised to consider soft tissue

grafting pr*eaures when an undesirable implant outcome is foreseen.®

PhMT-sshassbeemmwi dely used to successfully modify a thin tissue phenotype to a thick tissue phenotype
around denhnts.55 *% Our study confirmed the efficacy of PAMT-s and found that approximately
a l mm ga@e thickness can be expected from this approach based on the meta-analysis.
Therefore, i 1 mm tissue thickness should be considered an endpoint for PhMT-s utilizing
SCTG aimmcken tissue phenotype. In a recent study,” it was reported that sites with SCTG

gained 34.3% tissul thickness after two years of follow-up, whereas sites without SCTG lost 9.9%

U

tissue thiclcddition, when performing IIPP procedure, the use of SCTG procedure has been
shown to r immas more favorable peri-implant tissue thickness than the one without SCTG
procedure. re, performing soft tissue grafting procedures to change tissue phenotype seems to

be an enduring and predictable approach.

Increasing the soft tissue thickness provides the advantages of decreasing the soft tissue discoloration
and show—lSough when a patient has a thin tissue phenotype and the implant or abutment is visible
through the he thickened tissue also provides the restorative dentist more tissue volume by

which to de ore idealized crown contours, which has both esthetic and biologic advantages.**™

When the ift tissue phenotype is thin, ridge lapping is often necessary which limits access for cleaning

and is not *ble ewletically.go By thickening the patient’s soft tissue phenotype, it is easier to avoid the

ridge-lap 0:estorations and develop a crown emergence profile that is more esthetic and

biologicall o facilitate patient’s oral hygiene and tissue health.

<
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In terms of peri-implant parameters, our results did not detect a difference in BOP between the sites
with and without PhMT-s, which is in agreement with previous studies.”*** This indicates that BOP
around iWMGpends on the health of the peri-implant tissue instead of the tissue phenotype. If the
tissue presel alfhy, BOP should not be a common finding on examination.”’ However, soft tissue
graftingmproeedumesihave been widely performed as one of the treatment modalities to manage
peri—implalh! ith the modification of prosthetic designs, soft tissue grafting procedures have also
been intro@nanage mal-positioned implant fixtures.’* In addition, evidence supports that
PhMT-s cangin e KTW and further improve patient comfort and compliance during oral hygiene.”
(D

Therefore, for these procedures should be based on the health status of the peri-implant tissue

and is determined 51 a case-by-case basis.

Results indCigniﬁcantly less MR at sites with PhMT-s via SCTG than those without. Although
the WMD Was 0.36 mm, two’ " out of the three pooled studies reported a decrease in MR in the

SCTG group. In contrast, the group without SCTG exhibited increased MR. This finding is consistent

with other stu °" and thus support the concept that modification of a thin to thick tissue phenotype
by soft ntation could potentially reduce the amount of MR. With the use SCTG, creeping

attachment may occur around natural teeth® or dental implants,” which could further reduce the

amount of MR. Therefore, clinicians should consider developing a thick tissue phenotype through

grafting prhenever possible if the site presents with a high risk of future recession.
Our re\/;mt there is no statistically significant difference in change of PD when comparing

sites with g !TG to the ones without SCTG. Previously published studies’®®” have shown that the

healing after SCT;procedure is mediated by a combination of epithelial down growth and connective
tissue attach herefore, the difference in change of PD between the sites with and without SCTG
was expec e minimal, and the utilization of SCTG procedure will not result in deeper PD.
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There was no difference in papillary fill reported between groups having or not having soft tissue
graftingmmat were performed to thicken the phenotype.’®>* Although a recent study”®
reported th@ lenotype may impact the heights and fill of interdental papilla by affecting papilla
proportian amesdistances between the facial and palatal papilla, most studies**® showed that the
papillary ﬁhs on the distance between the adjacent bone level and the contact point of the

Crowns. C@ere is insufficient evidence to support the rationale for modifying tissue phenotype

to enhance m fill.

It remains controvSsial whether thickening the peri-implant phenotype could result in an improved

PES.” Alt e evidence™ > suggested a potential benefit of improved esthetics, the
meta-anal mot detect a significant improvement in PES with SCTG procedure. Among the three
52,53 52,53

studies A W d in the meta-analysis, two studies reported a significant improvement in PES

after thickening the tissue phenotype while a third study” reported no significant change in PES after

the phenotype.

Based on t?s results of the meta-analysis, peri-implant sites, which are surgically modified to a thick
soft tissue phenotype, do not exhibit a reduced amount of MBL compared to sites with a thin phenotype.

This is con @ ith several published reports.”™ > Whether a peri-implant site is with a thick or thin
tissue phe ne remodeling is an unavoidable process that occurs after tooth extraction;”
therefores ical modalities such as bone augmentation®® should be considered if MBL is

detected. P€rforming PhMT-s to thicken the peri-implant soft tissue phenotype may minimize but not

prevent future b0;105s.

<
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Recent studies™ ** have also investigated the influence of PhMT-s to increase the amount of KTW
utilizing soft tissue grafting procedures. A systematic review by Thoma et al.** concluded that PhMT
may resMavorable peri-implant tissue health such as a gain of KTW, an improvement of
bleeding it @ d a higher marginal bone levels. Based on this review, higher bone level was noted
in sites withmapieally positioned flap (APF) plus autogenous grafts versus all control treatments,
including Lstibuloplasty procedure alone, APF with the use of collagen matrix, no treatment
with or Wit@ual keratinized tissue. Therefore, increasing soft tissue thickness and the amount of
KTW via P ay be beneficial for providing more favorable peri-implant tissue health. In
addition, dmck of strong evidence, PhMT-s should be considered to achieve a wide band of

KTW around tootSaorne restorations with a subgingival margin to facilitate gingival health.””"®

Whenever :KTW is needed, APF plus autogenous grafts is considered as the gold standard

among all treatment modalities.*

All the i aining to peri-implant mucosa thickening included in this systematic review
involved a Ph sing an autologous SCTG after delivering the final implant-supported restoration.
Interest , ntly published RCT'® investigated the effect on MBL of peri-implant soft tissue

phenotype sodiﬁcation via CTG at the time of implant placement in a submerged approach (test), as

compared to, ntional implant placement (control). At implant uncovering, test sites presented less
MBL com ontrols. However, this finding was only significant in sites with thin peri-implant
soft tissue . ) at baseline, but not in sites that presented thick tissue (>2.5 mm). This study also

concluded that interim soft tissue modification before crown delivery did not significantly increase

KTW. The if the peri-implant soft tissue thickness is <2.5 mm at baseline, it may be beneficial to
perform P thicken the tissue simultaneously with implant placement with the purpose of
minimizi
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The limitations of this systematic review include 1) only five papers with comparable data were
identiﬁeMd in the meta-analyses; 2) relatively short follow-up period of the included articles
was noted;ble risk of bias was identified in non-RCTs; 4) four out of six reported
meta-anal ysessimadma high heterogeneity; 5) large variations in the study designs, implant placement
protocols, Lassessment methods, and reported parameters. Therefore, clinicians should interpret

the results @f this sfidy cautiously after considering all the aforementioned limitations.

Conclus

SC

On the bas vidence included in this systematic review, it was observed that surgical

U

modificati implant soft tissue phenotype (PhMT-s) may decrease the amount of MR (WMD =

0.36 mm bﬂ\e meta-analysis) around implants. However, it remains inconclusive whether
thickening the peri-implant soft tissue positively influences PD, BOP and esthetic parameters, such as
papillary fill a Bi S. In addition, clinical trials are needed to explore the effect of soft tissue phenotype

modifi tooth-supported fixed dental prostheses.
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Table 1: Risk assessment of publication bias for the included RCTs

Blinding of Incomplete
Blinding of
Allocation | participants outcome Selective Other
Study outcome
concealment and data reporting bias
assessment
- personnel addressed
Migliorati
et al. Uncertain Low Low Low Low Low
(2015)**
Wiesner et
Uncertain Low High Low Low Low
al. (2010)*
Yoshino et
Low Low Uncertain Low Low Low
al. (2014)*
Zuiderveld
et al. Low Low Low Low Low Low

(2018)*
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Table 2. Newcastle-Ottawa Quality Assessment Scale of included non-RCTs

Selection Comparability Outcome
Bienz et al. (2017) 2. 8.8 ¢ * * X
Feffh e 016)"' * % * * &k
Table 3: SWf the excluded articles
Reason for exc n Author (year)

No data o ing groups with and
without soft tissue grafting procedures

i

or Man

No control

{

U

Inadequat,
meta-analyses

be pooled in

Aguirre-Zorzano et al. 2013%
Ahmed et al. 2018%°
Akcali et al. 2017%

An et al. 2009%

Bhat et al. 2015°"

Cosyn et al. 2011**

Cosyn et al. 2013

Kan et al. 2003

Kan et al. 2011°’

Kim et al. 2016%
Nisapakultorn et al. 2010%
Paniz et al. 2016

Patil et al. 2013*

Ross et al. 20144

Spinato et al. 2012*
Studer et al. 2000*

Tao et al. 2014*

Yilmaz et al. 2012*

Anderson et al. 2014%
Batista et al. 2001°°

De Bruyckere et al. 2015
Hutton et al. 2018’
Schneider et al. 2011*
Speroni et al. 2010*

Bianchi and Sanfilippo 2004*>
Jyothi et al. 2013

A
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Table 4: Summary of the articles analyzing the soft tissue outcomes between sites with and without soft
tissue grafting procedures

MBL Ti PI MR
(mm) | CISSU€ Fopy | papillar| (mm) | KTW PD
@' Implants (negative |thickness ](3(';)1) yill)l dex | meaative | () PES (mm)
Autho . value=bon | (mm) o value=rece .
rs Desi e loss) (%) ssion) Mall.l
(year) Follow conclusions
cup \Locatil v e\ p fclr|c|T|c|T|c|T|c|T|Cc|T]|C
month| ion
s
Implant
sites with
Pl PI and without
10114 soft tissue
. all as|a grafting
Bienz -0.5(-0.4(" 11.3]1.5]-0.4(-0.3 3.6 | 3.6 |showed
etal Avera | max o 1[50 8|5 |7]5 715 |only
(2017) %‘;_6105‘; agrgg NAINA| 6 2((0.4 BPO (?P (1.0/0.7]0.3] (0.3 |NA|NA|NAINAY 6 7)1 3| minimal
50 p 01D H10)|2) |0 9) | 8) |changes and
lars 38138 2
26| 2 stability of
eri-implant
) |9 peri-impl
parameters
over 5
years.
No
statistically
significant
PI|PI difference
1528 in the
Fenner Avera (322 0.0]-0.0 4,039 |linical
etal ge 86.4 ); |8); 3|6 g | 7 [parameters
. ! ? NA |NA|NA|NA|BO| B [NA|NA NA |[NA|NA |NA was
(2016) 63.6-1 (0.6/(0.4 (0.9](1.0
51 11.6 P |OP 6) | 7) 6 | 7) observed
' 56 |46 between the
32| (2 sites with or
) | 4) without soft
tissue
grafting
procedures.
None of the
clinical
parameters
showed
L statistically
Miglio al 4 60]-0.1]0.4]-02[BO| B 7463 significant
rati et max 6171010 P |OP -0.4(-0.7 6|9 34132 difference
(2811' 5) 24 ;;‘;E; (0.0](0.0/(0.9](0.7 (23% ‘(‘2 NA|NANAINA (16')6 (17')5 (0.8/(0.9 (0)'5 (0)'5 between
52 96|70 39 groups
lars ) | 0)
except for
PES. Sites
that
received
SCTG
This is the anuscript accepted for publication and has undergone full peer review but has not

been through thaglpyediting, typesetting, pagination and proofreading process, which may lead to
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presented
with more
favorable
PES than
sites
without
SCTG.
Based on
the
outcomes of|
this
split-mouth
RCT, sites
that

all received
premo -1.1{-1.0{ 1.2 |-0.1 11.184 SCTG

10| 12 |larsor NA [NA|NA|NA |[NA|NA 3215 NA [NA |presented
molar

(0.2|(0.4{(0.6{(0.3 (1.6|(1.4 more
s favorable
PES
outcome
when
compared to
sites
without
SCTG.
Subjects
who
underwent
IIPP+SCTG
all experienced
10 max -0.0(-0.1 2.1(2.1]-0.2{-0.7 less facial
IIP| 12 |antor NA [NA NA|NA|NA [NA |NA |NA |gingival
P (0.2(0.5 level

premo eve
lars change than
those who
did not
receive a
SCTG.
IIPP+SCTG
leads to less
recession of
the
peri-implant
all soft tissue.
29 max || %020 0.1-0.5 64]68[%> %8 No
NA[NA|(0.8|(1.1|NA|NA[(1.5|(1.5 significant

0.9|(L.1[5.
differences

regarding
other
outcome
variables
were
observed.

Wiesn

eretal.

(2010)
53

> Z
> Z

Yoshin
oetal. | RC

(2014) (1.0/(0.7/(0.3|(0.4

al. RC : IIP| 12 |antor NA [NA

P premo 0404

lars

> Z
> Z

grafting prééeds Sffemales; m: males; max: Maxillary; mand: Mandibular; ant: Anterior teeth; MBL: Marginal bone loss; PI: Plaque
index; BOP: Blgeding on plobing; MR: Mucosal recession; KTW: Keratinized tissue width; PES: Pink esthetic score; PD: Probing depth; IIPP:
Immediate nt and provisionalization; GBR: Guided bone regeneration; SCTG: Subepithelial connective tissue graft; NA: Not

available; Data in parentheses represent standard deviation.
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levels was
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18-70 12

S W
~

RCT

max or
mand

ant/prem
olars

T: 0.26
(0.34);
C: 0.46
(0.40)

No
significa
nt
differenc
es
between
Tand C

NA

NA

>2:

site

>2:

site

Implants
placed in
patients with
a thin tissue
phenotype
showed
more
recession
than
implants
placed in
cases of a
thick
phenotype.
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Supplementary Table 1: continued
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March 14-4
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%2 37m
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an ant/lprem cy Distal: A Distal: (0.57) ©0.9) recession at
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ed with the

periodontal
phenotype
only in
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implant
sites.
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Supplementary Table 1: continued
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relationship
with the soft
tissue
changes
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Kim
et al.
(2016)
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ant
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>2mm
Thin:
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NA
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There was
no
significant
correlation
between
tissue
phenotype
and color
change, but
thick
phenotype,
demonstrate
d a smaller
color
difference.
Zirconia
abutment
showed the
least color
difference
compared to
other
materials.
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Supplementary Table 1: continued

MBL

ivi . i MR (mm)

Individu Implants Tissue (mm) PI (%)/ Paplllary (negative
als P phenotype vg‘l‘:eg::z:e BOP (%) fill value=recessi
loss) on) Main

conclusions

Autho Desi
s n
(year) & Age
N|(gende
r)-

Measurem . . . . . . .
. SCT Thic|Thi|Thic| Thi| Thic .| Thic | Thi
Location ent Thin
G k [n| k [ n k k n
method

For
peri-implant
Direct soft tissue of
Thick: <2 mm, gold
No >2mm | NA [NA|NA |[NA| NA | NA | NA |NA |or zirconia
Thin: abutments are
<2mm recommended
in anterior
areas.

Lops
et al.
(2017)
67

max or
o mand
9f 6m - ant/premol
ars

—

CS

W

A thin
phenotype
was the most
significant
factor in
determining
the facial
marginal
mucosal level
(OR=18.8). In
contrast, the
distance from
plaque: thc; contact
all max ant|| No tralll)srp())::enc NA [NA 27 <half fill: 8 | <Imm: 14 gg;l:t (t:(r)etsl:ivas
No >half fill: 66|>1mm: 26
y . the only factor
plaque: L
13 mgmﬁcantly
associated

with less
papilla fill.
The
association
between a thin
phenotype and
less papilla fill
did not reach
statistical
significance
(OR=4).

Nisapa With

kultor 41(13.9)
netal. s 0 i

(2010)
40

Phenotype has
not been
demonstrated
to be an
objective
parameter for
the subjective
Probe perception of
all max ant|| No |[transparenc| NA [NA| NA |[NA| NA | NA | NA | NA [esthetics.

y However, thin
phenotype
was associated
with a less
pronounced
distal papilla
and with
defects of the

Petsos 50.85

et al. (16.1)

(2017) cs 0
69

[=)}

This article is protected by copyright. All rights reserved.




alveolar ridge.
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~
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Thick:
>2mm
Thin:
<l.5mm
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NA

-0.30

Implant
diameter, soft
tissue
phenotype,
and surgical
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influence the
amount of
gingival
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occurring over
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Recession was
seen more in
sites with thin
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diameter
implant.
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Supplementary Table 1: continued
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Probe
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Mid-facial
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could cause
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aesthetic
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the incidence
of recession
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biotype sites
tends to be
higher than at
thick biotype
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sites.

Mandibular; ant: Ante arginal bone loss; PI: Plaque index; BOP: Bleeding on probing; MR: Mucosal recession; PD: Probing
depth; IIP: Immediate implant placement; IIPP: Immediate implant placement and provisionalization; BG: Bone grafting procedure; Memb:
Barrier membrane; GBR: regeneration; SCTG: Subepithelial connective tissue graft; NA: Not available; Data in parentheses
represent standard deviati

RCT: Randomized controllﬁ trial; Ci‘ Case series; N: Number; T: Test group; C: Control group; f: females; m: males; max: Maxillary; mand:

Author Manuscri
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Supplementary Table 2: Summary of the articles analyzing the gingival tissue outcomes between thin

and thick tissue phenotypes

e

MR
Individu ceth Tissue MBL P{}g/}‘;)/ Papillar| (mm)
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Nof C -up on G ck [n| k |in|ck|n|ck| n
method

Ifa 3mm
mucosal
thickness is
present, no
change in
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specimen. In
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least color
change.
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¢ crowns,
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63 (18)) ant y 1) | 2) [significantly
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than crowns
with thin
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al. [Coh (10
(2014 | ort | 0

N: Number; T: Test group; ‘€% roup; f: females; m: males; max: Maxillary; ant: Anterior teeth; MBL: Marginal bone loss; PI: Plaque
index; BOP: Bleeding on probimgmR : Mucosal recession; SCTG: Subepithelial connective tissue graft; NA: Not available; Data in
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Figure 1. F |ow chi-t illustrating the publication selection process
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Figure 2A. The result of meta-analysis for the change of peri-implant tissue thickness presented a

WMD of 0.98 mm (95% CI = 0.25 to 1.72 mm, p = 0.009), favoring the SCTG group. The comparison

presenteMerogeneity (I’ = 80%).

with CTG without CTG Mean Difference Mean Difference
Study or Subgroup  Mean S0 Total Mean 50 Total Weight IV, Random, 55% C1  Year IV, Random, 95% Cl
Wiesner et al, 1.2 D.E3 10 -0.15 034 10 50.B% 135 [0.91, 1.79] 2010 ——
Migliarati ex al. 4 .97 4 -02 07 23 49.2% 0L60 [0.12, 108 2015 ——
Total (955 CI} 34 33 100.0% 0.98 [0.25, 1.72] .
Hewerogeneity: Tau® = 0,23; Chi® = 5,03, ¢f = 1(F = 0.02); I = 0% lz t i i

Test for cwerall effect: Z = 2.62 (F = 0.009)

A\ 4

Favors no 016G Favoers TG

Figure 2B esult of meta-analysis for BOP reduction at implant sites presented a WMD of -4.87%
(95% Cl =4 24.53%, p =0.75). No statistical significance was found. The comparison
presented aghi erogeneity (I = 77%).
with CTG without CTG Meaan Difference Mean Differance

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 35% Cl ¥ear IV, Random, 35% Cl

Migliorati et al. 230 24 4D 4D 3 496% -20.00 [40.28, 0.28) 2016

Fanner o al 5 32 14 46 24 22 504% 10.00[-9.53,2953] 2016

Total (95% 1) 34 45 100.0% -4.87 [-34.27, 24.53)

Heterogena®y: Taw® = 346,81, ChP = 4,38, df =1 (P = 0.04); " = 7% I +— 1 t i
Tes! for overall effect £ = 0,32 (F = 0.75) 100 3 g =0 100

Fa'..rurs CTG Favars na CTG

Figure 2C. The result of meta-analysis for MR at implant sites presented a WMD of 0.36 mm (95% CI

=0.12to Ow =0.003), favoring the SCTG group. The comparison presented a low

heterogenei 1%).
with CTG without CTG Maan Difference Maan Diffarenca
Study or Subgroup  Mean 5D Total Mean S0 Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Yoshing el al 0256 0.35 10 0.7 0,48 10 41.5% 045008, 0,82] 2014 -
Fannar ol al 003 066 14 D08 047 22 358% 009031, 049] 2016
Zuiderveld of a 01 08 249 05 11 28 229% 060[0D.10,1.10] 2018 ——
Total (95% CI} 53 61 100.0% 0.36 [0.12, 0.59] *»

Haterogenaity: Chif = 2,80, ¢f = 2 (P = 0.23); = 31% t t t i

i k i )
Tast for ovarall effect Z = 2.85 (P = 0.003) F'auirs no G rGDramrs L:Iri
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Figure 2D. The result of meta-analysis for PD reduction at implant sites presented a WMD of 0.13mm
(95% CI=-0.11 to 0.36mm, p = 0.30). No statistical significance was found. The comparison presented

a low hefer®geneity (I* = 0%).

with CTG without CTG Maan Difference Mean Differance
Study or Subgroup  Mean  SD Total Mean 5D Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 5% CI
Migliorati af al 34 05 24 a2z 05 23 632% 0.20[-00% 049] 2016
Fannar ol al 409 096 14 387 1407 22 12 3% 012 [«0.55 079 2016
Fuidarveld ol al 255 095 28 268 112 29 195% -D13[-0.68 0.40] 2018
Total (85% CI) &7 74 100.0% 0.13 [-0.11, 0.36]
Haterogeneily; Chi® = 1,14, df = 2 (P = 0575 P=0% ; » t f t ‘,j
Test for overall offact: Z = 1.04 (P = 0.20) 2 o A
o = ! / Favors GTG Favors no OTG
Figure 2E It of meta-analysis for PES at implant sites presented a WMD of 1.08 (95% CI =
-0.39 to 2. 215). No statistical significance was found. The comparison presented a high

heterogenefty (I"= 90%).
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Figure 2F§ he result of meta-analysis for MBL at implant sites presented a WMD of 0.40 mm (95% CI

=-0.341to0 1. , p = 0.28). No statistical significance was found. The comparison presented a high
heterogene 7%).
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Supplementary Figure 1A. Funnel plot of the meta-analysis for the change of peri-implant tissue

thickness.

{

Supplemede 1B. Funnel plot of the meta-analysis for BOP reduction at implant sites.

SupplemeWure 1C. Funnel plot of the meta-analysis for MR at implant sites.

Supplemeﬁure 1D. Funnel plot of the meta-analysis for PD reduction at implant sites.

C

Supplemen igure 1E. Funnel plot of the meta-analysis for PES at implant sites.

S

Suppleme gure 1F. Funnel plot of the meta-analysis for MBL at implant sites.
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