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Abstract
Objective: To evaluate the influence of implant and prosthetic components on peri-
implant tissue health. A further aim was to evaluate peri-implant soft-tissue changes 
following surgical peri-implantitis treatment.
Materials and methods: Group discussions based on two systematic reviews (SR) and 
one critical review (CR) addressed (i) the influence of implant material and surface 
characteristics on the incidence and progression of peri-implantitis, (ii) implant and 
restorative design elements and the associated risk for peri-implant diseases, and 
(iii) peri-implant soft-tissue level changes and patient-reported outcomes following 
peri-implantitis treatment. Consensus statements, clinical recommendations, and 
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1  |  INTRODUC TION

Peri-implant diseases are caused by bacterial biofilms and are 
associated with specific risk indicators/ factors. In particular, 
factors that may interfere with the performance of oral hy-
giene and maintenance care were recently identified as relevant 
areas for future research (Heitz-Mayfield & Salvi, 2018; Schwarz 
et al., 2018).

Furthermore, recent recommendations provided by the 15th 
European Workshop on Periodontology underlined the need to as-
sess changes in peri-implant soft-tissue levels in addition to disease 
resolution following surgical treatment of peri-implantitis (Jepsen 
et al., 2019).

The group discussions and consensus statements were based 
on two systematic reviews (Stavropoulos et al., 2021, Sanz Martin 
et al., 2021) and one critical review (Mattheos et al., 2021a). Two 
reviews focused on the influence of the implant material and 
implant surface characteristics (Stavropoulos et  al.,  2021) and 
the various components of the implant-abutment-prosthesis 
junction (Mattheos, Schittek, et  al.,  2021a) on the occurrence 
and/or progression of peri-implant diseases. The third review 
addressed changes in peri-implant soft-tissue levels following 
various types of surgical treatment of peri-implantitis (Sanz 
Martin et al., 2021).

2  |  IMPAC T OF DESIGN ELEMENTS 
OF THE IMPL ANT SUPR ACRESTAL 
COMPLE X ON THE RISK OF PERI- IMPL ANT 
MUCOSITIS AND PERI- IMPL ANTITIS .  A 
CRITIC AL RE VIE W. (Mat theos ,  Schit tek , 
et  a l . ,  2021a)

This critical review aimed at identifying clinical data correlating de-
sign features and elements (i.e., prosthetic design features, abut-
ment and prosthetic materials and surfaces, position and design 
of the implant–abutment–prosthesis junction) of the implant su-
pracrestal complex with the occurrence of peri-implant diseases.

2.1  |  Preamble

The implant supracrestal complex (ISC) was recently defined as the 
anatomic and functional area extending from the marginal peri-
implant bone level to the most coronal extension of the peri-implant 
mucosa. Accordingly, it encompasses various components of the 
implant–abutment–prosthesis junction located in the transmucosal 
area (Mattheos et al. 2021b).

The review was based on data extracted from 31 relevant stud-
ies (randomized clinical trials (RCTs) (n  =  11), prospective clinical 

implications for future research were discussed within the group and approved during 
plenary sessions.
Results: Data from preclinical in vivo studies demonstrated significantly greater ra-
diographic bone loss and increased area of inflammatory infiltrate at modified com-
pared to non-modified surface implants. Limited clinical data did not show differences 
between modified and non-modified implant surfaces in incidence or progression of 
peri-implantitis (SR). There is some evidence that restricted accessibility for oral hy-
giene and an emergence angle of >30  combined with a convex emergence profile 
of the abutment/prosthesis are associated with an increased risk for peri-implantitis 
(CR). Reconstructive therapy for peri-implantitis resulted in significantly less soft-
tissue recession, when compared with access flap. Implantoplasty or the adjunctive 
use of a barrier membrane had no influence on the extent of peri-implant mucosal 
recession following peri-implantitis treatment (SR).
Conclusions: Prosthesis overcontouring and impaired access to oral hygiene pro-
cedures increases risk for peri-implantitis. When indicated, reconstructive peri-
implantitis treatment may facilitate the maintenance of post-operative peri-implant 
soft-tissue levels.
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studies (n = 3), longitudinal clinical studies (n = 1), cross-sectional 
studies (n = 10), and retrospective clinical studies (n = 6)).

2.2  |  Main findings

•	 Two cross-sectional studies (Katafuchi et al., 2018; Yi et al., 2020) 
indicated that an emergence angle (EA) of more than 30 combined 
with a convex emergence profile (EP) of the abutment/prosthesis 
is associated with an increased risk for peri-implantitis at bone 
level (BL) implants.

•	 There is evidence that reduced accessibility to oral hygiene in-
creases the risk for peri-implantitis (Serino & Ström, 2009).

•	 There is evidence that prosthesis modification can improve the 
effectiveness of peri-implant mucositis treatment, in cases where 
the prosthesis design was limiting accessibility to oral hygiene 
(Tapia et al., 2019).

•	 No influence of the abutment and prosthesis material was found 
in relation to the risk of peri-implant inflammation.

•	 Presence or absence of an intermediary abutment on external 
hexagon implants does not affect the risk for peri-implantitis 
(Göthberg et al., 2018).

•	 The depth of the peri-implant sulcus (≥3 mm) did not seem to af-
fect the onset and development of experimental peri-implant mu-
cositis (Chan et al., 2019).

2.3  |  Consensus statements

•	 Which outcome measures were evaluated in the clinical 
studies investigated?Bleeding on probing (BoP), probing depth and/
or marginal bone loss and/or case definitions of healthy peri-implant 
tissues, or peri-implant mucositis or peri-implantitis as presented 
at the 2017 World Workshop on the Classification of Periodontal 
and Peri-implant Diseases and Conditions (Berglundh et  al.,  2018; 
Schwarz et al., 2018).

•	 Is there evidence that specific prosthetic features (e.g., emergence 
profile, emergence angle, retention type, accessibility for clean-
ing, type, and positioning of the implant–abutment–prosthesis 
junction) increase the risk for peri-implant diseases?

On the basis of one RCT of 5 years (44 patients/132 implants) 
(Göthberg et  al.,  2018), the use or not of intermediary abutments 
on an external hexagon connection was not found to have any in-
fluence on the prevalence of peri-implantitis. There is at present no 
evidence for the remaining prosthetic features and their potential 
impact on the risk for peri-implant inflammation. Available evidence 
regarding the prosthesis retention type or the design and location of 
the implant–abutment–prosthesis junction and risk for peri-implant 
inflammation is inconclusive.

•	 Is there evidence that specific materials and/or surface 

characteristics of transmucosal implant parts increase the risk for 
peri-implant diseases?

•	 Based on 9 prospective cohort studies, no correlation was noted 
between abutment or prosthesis material and increased risk for 
peri-implant mucositis or peri-implantitis.

•	 Based on 9 prospective cohort studies, titanium and zirconia ma-
terials have resulted in similar clinical outcomes in terms of plaque 
indices and BOP.

2.4  |  Clinical recommendations

•	 Does the peri-implant sulcus depth influence the onset 
of peri-implant mucositis?On the basis of one human experimental 
study (19 patients/19 implants) (Chan et al., 2019), the depth of the 
peri-implant sulcus (≥3 mm) did not seem to affect the onset and 
development of experimental peri-implant mucositis. Removal of 
the biofilm by means of daily self-performed oral hygiene measures 
and regular professional maintenance care should be applied re-
gardless of the sulcus depth.

•	 Does the selection of specific prosthetic features reduce the risk 
for the occurrence of peri-implant disease?

On the basis of two cross-sectional studies ((Katafuchi 
et  al.,  2018), 83 patients/168 implants); (Yi et  al.,  2020), 169 pa-
tients/349 implants), overcontouring (emergence angle and convex-
ity) of the abutment–prosthesis complex should be avoided.

•	 Which prosthetic design characteristics are recommended to pre-
vent and/or manage peri-implant diseases?

There is evidence from one cross-sectional study (23 pa-
tients/109 implants) (Serino and Ström, 2009) that restricted acces-
sibility for oral hygiene procedures is associated with a significantly 
higher prevalence of peri-implantitis.

There is evidence from one RCT (45 patients/152 implants) 
(Tapia et  al.,  2019) that where accessibility for oral hygiene is re-
stricted, prosthesis modification in conjunction with anti-infective 
treatment is an effective and essential part of the treatment of peri-
implant mucositis.

Based on this evidence, access for circumferential plaque re-
moval from the prosthetic structure has to be assured. If the shape 
of the prosthesis obstructs cleansability, it should be modified.

2.5  |  Implications for future research

•	 The impact of the emergence profile (EP) and the emergence 
angle (EA) on the long-term health of peri-implant tissues needs 
to be further investigated.

•	 There is a need for well-designed prospective clinical studies and 
randomized controlled trials which limit the influence of various 
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confounding factors, in order to better clarify the implications of 
the respective component design and characteristics and peri-
implant tissue features.

•	 Recording of complete clinical outcome measures specific to 
peri-implant tissue inflammation, as based on the Classification 
of the Periodontal and Peri-implant diseases and conditions work-
shop (Berglundh et al., 2018) case definitions (i.e., BoP, PD, BL), is 
recommended.

3  |  WHAT IS THE INFLUENCE OF 
IMPL ANT SURFACE CHAR AC TERISTIC S 
AND/OR IMPL ANT MATERIAL ON THE 
INCIDENCE AND PROGRESSION OF PERI-
IMPL ANTITIS? A SYSTEMATIC LITER ATURE 
RE VIE W.

The focused question was as follows: “In animals or patients (P) with 
dental implants (I), do implant surface characteristics and/or implant 
material (C) have an effect on the incidence and progression of peri-
implantitis (O)?”. (Stavropoulos et al., 2021).

Included study designs were randomized clinical trials (RCTs), 
controlled clinical trials (CCTs) prospective cohort studies, and ret-
rospective studies, with ≥5 years follow-up. Preclinical in vivo exper-
iments were also included.

Out of 7856 titles screened, the analysis was based on 25 
publications reporting on preclinical in vivo experiments and 31 
publications (20 RCTs, 3 CCTs, 4 prospective cohort, and 4 retro-
spective studies) reporting on clinical studies with a total of 7,605 
patients and 26,188 implants; 12 of them had a follow-up of at 
least 10 years.

3.1  |  Preamble

Implant surfaces may be characterized by surface roughness (mi-
croroughness and nanoroughness) and surface chemistry. In this 
systematic review, a non-modified implant surface refers to a mini-
mally rough surface (e.g., turned or polished), while a modified im-
plant surface refers to a moderately rough or rough implant surface. 
Numerous modified implant surfaces with varying surface chem-
istry were represented in the included studies. In this context, it is 
acknowledged that specific implant surface technologies are com-
monly associated with other implant characteristics specific to the 
particular implant brand (e.g., implant neck, connection design); thus, 
it is often not possible to assess the impact of implant surface charac-
teristics per se on the incidence and progression of peri-implantitis.

Incidence of peri-implantitis should be based on clear case defi-
nitions, using combined outcome measures including bleeding/sup-
puration on probing, pocket depths, and radiographic bone levels/
loss. Incidence of peri-implantitis cannot be determined through im-
plant survival or marginal bone level data, in the absence of clinical 
inflammatory parameters.

As the progression of peri-implantitis cannot be studied in hu-
mans due to obvious ethical concerns, data from preclinical in vivo 
experiments employing a spontaneous progression period are valu-
able in studying the possible impact of implant surface characteris-
tics or material on progression of peri-implantitis.

While the ligature-induced peri-implantitis model in the dog 
does not entirely replicate the natural disease initiation and pro-
gression, once the ligature is removed during the “spontaneous 
progression period,” the major driver of the inflammation is the 
biofilm.

3.2  |  Main findings

The evidence provided from data from preclinical in vivo studies, all 
employing the ligature-induced peri-implantitis model in the dog, in-
dicates that implant surface characteristics significantly impact peri-
implantitis progression and the area of the inflammatory infiltrate.

The incidence of peri-implantitis after well-defined follow-up 
periods was rarely reported in the clinical trials included herein, and 
the available evidence does not support the notion that implant sur-
face characteristics have a significant impact on peri-implantitis inci-
dence or progression. The vast majority of the publications reported 
high implant survival rates and no significant differences among the 
various implants types, irrespective of the type of study. Similarly, 
the vast majority of publications did not report statistically signif-
icant differences in terms of mean values of marginal bone levels/
loss for the various implant types; in general, bone levels were within 
the “normal ranges,” as expected from remodeling due to surgical 
installation and/or prosthetic manipulations. No assumptions on the 
impact of implant material could be made, since only 2 publications 
(1 preclinical and 1 clinical trial) assessing zirconia vs. titanium im-
plants were identified.

3.3  |  Consensus statements

3.3.1  |  Preclinical in vivo experiments

•	 Do non-modified and modified implant surfaces differ 
in the progression of peri-implantitis lesions in preclinical in vivo 
experiments?Meta-analysis showed that implants with a modi-
fied surface showed significantly greater radiographic bone loss 
compared with implants with a non-modified surface (effect size 
0.44 mm; 95% CI 0.10–0.79; p = .012) during the spontaneous pro-
gression phase. The majority of publications (5 out of 8) did not show 
greater progression at modified implant surfaces compared to non-
modified surfaces, while 3 publications showed greater progression 
at modified surfaces.

Meta-analysis showed that there was a significantly greater 
area of infiltrated connective tissue at peri-implantitis sites where 
implants with modified surfaces were used, compared with non-
modified surfaces following the spontaneous progression phase 
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(effect size 0.75  mm2; 95% CI 0.15–1.34; p  =  .014). However, the 
majority of publications (3 out of 5) did not show any difference be-
tween modified and non-modified surfaces.

•	 Does progression of peri-implantitis differ between zirconia and 
titanium implants in preclinical in vivo experiments?

One publication showed no difference in the progression of peri-
implantitis, assessed radiographically, when comparing zirconia and 
titanium implants.

3.3.2  |  Clinical studies

•	 What outcome measures were evaluated in the clinical 
studies investigated?The majority of publications reported survival 
rates and radiographic bone levels. However, peri-implant clinical 
parameters (probing depth, presence of bleeding/suppuration on 
probing) were inconsistently reported. Only 3 publications provided 
a clear, although varied, definition of peri-implantitis.

•	 Was the incidence of peri-implantitis different at implants with 
non-modified and modified surfaces?

Incidence of peri-implantitis was reported in less than half of 
the included publications (in 6 of 20 RCTs, in 2 of 3 CCTs, in 3 of 
4 prospective cohort studies, and in 2 of 4 retrospective studies). 
From the studies comparing implants with non-modified surfaces to 
implants with modified surfaces (9 RCTs), only 2 (both split-mouth) 
reported on the incidence of peri-implantitis.

In one publication, with a low risk of bias, 25 patients with 32 implants 
of each surface type were included. No significant difference in incidence 
of peri-implantitis was found between implants with a non-modified sur-
face (6%) and those with a modified surface (15%) at 20 years.

The other publication, judged with a high risk of bias, included 
15 patients with 41 implants with a modified surface and 42 im-
plants with non-modified surface. A statistically significant lower 
incidence of peri-implantitis was observed at implants with a non-
modified surface (7.4% vs. 28.6%) at 5 years. This study, however, 
included severe periodontitis patients, and all but one implant with 
peri-implantitis (14 of 15) were in partially edentulous patients, who 
had moderately deep (4 to 6 mm) periodontal pockets at the time of 
implant installation/abutment connection, many of whom were poor 
compliers regarding their maintenance visits. Meta-analysis was not 
performed due to heterogeneity in study design.

•	 Was the incidence of peri-implantitis influenced by the implant 
material?

Based on the outcomes of the only RCT (21 patients/14 zirco-
nia/14 titanium implants) included in this systematic review, the im-
plant material (zirconia versus titanium) did not impact the incidence 
of peri-implantitis.

•	 Does the selection of specific implant surface 
characteristics or a material reduce the risk for peri-implantitis 
progression?

Although some preclinical experimental studies have indicated 
that implant surface characteristics may play a role in the progres-
sion of untreated peri-implantitis, there is no clinical evidence to 
confirm these findings. Due to ethical reasons, it is not possible to 
study progression of untreated peri-implantitis.

3.4  |  Clinical recommendations

•	 How should peri-implantitis be assessed in day-to-day 
clinical practice?In agreement with the consensus report of the 
2017  World Workshop on the Classification of Periodontal and 
Peri-implant Diseases and Conditions (Berglundh et al., 2018), it is 
reiterated that inflammatory parameters, assessed by peri-implant 
probing, are a prerequisite for the diagnosis of peri-implantitis in 
addition to evidence of increased probing depths and radiographic 
bone loss.

“In the absence of a previous examination diagnosis of peri-
implantitis can be based on (i) presence of bleeding on probing 
(BoP)/suppuration on probing (SoP), (ii) probing depths of at least 
6 mm and (iii) radiographic bone levels at least 3 mm apical of the 
most coronal point of the intraosseous part of the implant” (Berglundh 
et al., 2018).

•	 Does the selection of a specific implant surface or material reduce 
the risk for the occurrence of peri-implantitis?

According to the present body of literature, there is no implant 
surface or material, which has been shown to reduce the risk for 
peri-implantitis.

Risk factors such as lack of professional maintenance care 
and history of periodontitis may influence the occurrence of peri-
implantitis to a much higher degree.

3.5  |  Implications for future research

•	 It is recommended that case definitions for peri-implant health 
and peri-implant disease as outlined by the 2017 WWP (Berglundh 
et al., 2018) should be used for future studies evaluating the inci-
dence of disease.

•	 It is recommended to use the peri-implant disease case definitions 
as the primary outcome variable when evaluating the incidence of 
disease in longitudinal studies.

•	 It is recommended to report frequency distributions using case 
definitions of peri-implant health and disease.

•	 It is recommended to record clinical measurements (prob-
ing depths, presence/absence of bleeding, and suppuration 
on probing) at 4 or more sites per implant using a standardized 
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periodontal probe at baseline and follow-up. Standardized intra-
oral radiographs should be made at baseline and follow-up when 
clinical signs suggest peri-implantitis. The baseline clinical and ra-
diographic examinations should be recorded following the deliv-
ery of the prosthesis.

•	 In partially dentate patients, it is recommended to record full 
mouth baseline and follow-up periodontal data.

•	 It is recommended to specify the implant material and surface 
characteristics in detail in order to evaluate any impact on the 
incidence of peri-implantitis.

•	 It is recommended in preclinical in vivo studies evaluating pro-
gression of peri-implantitis to use a sufficient spontaneous pro-
gression period.

•	 It is recommended that authors adhere to reporting guidelines ap-
propriate to the study design as outlined on the equator network 
(https://www.equat​or-netwo​rk.org/).

4  |  CHANGES IN PERI- IMPL ANT 
SOF T-TISSUE LE VEL S FOLLOWING 
SURGIC AL TRE ATMENT OF PERI-
IMPL ANTITIS .  A SYSTEMATIC 
RE VIE W AND META-ANALYSIS .  (Sanz Mar t in 
et  a l . ,  2021)

The focused question was in patients with at least one dental im-
plant with peri-implantitis (P), who received surgical peri-implantitis 
treatment (access flap, reconstructive, resective, and combination 
approaches) (I), what were the changes in peri-implant soft-tissue 
levels measured by assessing the position of the mucosal marginal 
before and after treatment (O).

Included study designs were randomized clinical trials (RCTs), 
controlled clinical trials (CCTs), and prospective case series with a 
follow-up of at least 6 months.

The analysis was based on a total of 19 investigations (7 RCTs, 5 
CCTs, and 7 prospective case series) including a final number of 593 
implants after a mean follow-up period of 22 months.

4.1  |  Preamble

The outcomes following therapy for peri-implantitis should 
primarily address resolution of the disease, as evidenced by 
changes in probing depth, the presence or absence of BOP\
suppuration, and changes in radiographic bone levels (Jepsen 
et al., 2019).

However, disease resolution and/or tissue remodeling following 
surgical therapy may contribute to changes in peri-implant soft-
tissue levels, which in turn may compromise the esthetic appearance 
of implant-supported restorations. Accordingly, the assessment of 
mucosal recession may be a relevant additional outcome measure 
for the evaluation of treatment success.

4.2  |  Main findings

The main findings of the present review were that peri-implant mucosal 
recession after surgical treatment of peri-implantitis varied depending 
on the procedure employed. Access flaps and resective approaches 
had greater mucosal recession when compared to reconstructive pro-
cedures. Mucosal recession was limited (<0.5  mm) following recon-
structive procedures, and less pronounced than after access flap and 
resective approaches (approximately 1 mm). The use of different bone 
substitute materials or barrier membranes did not appear to influence 
peri-implant mucosal recession in reconstructive procedures, while in 
resective approaches the use of implantoplasty did not have an im-
pact on the position of the mucosal margin. Regarding the secondary 
outcomes, no information could be gathered regarding the impact of 
peri-implant mucosal recession on patient perception.

4.3  |  Consensus statements

•	 How were peri-implant soft-tissue levels assessed in the 
evaluated studies?In addition to clinical parameters assessing dis-
ease resolution (BOP, PD, and SUP), mucosal recession was eval-
uated on the buccal, lingual, and interproximal aspects. Mucosal 
recession was commonly assessed using a periodontal probe. The 
reference point for the measurements varied, but mainly included 
the distance from the mucosal margin to the margin of the resto-
ration, the implant–abutment interface, or the implant shoulder.

•	 Which surgical interventions were evaluated?

Four types of surgical interventions were employed for the 
treatment of peri-implantitis: (i) access flaps (flap repositioning), (ii) 
resective therapy (apical positioning of the flap with or without os-
seous recontouring), (iii) reconstructive approaches (different types 
of bone substitute materials with or without barrier membranes, and 
biologics), and (iv) combination of reconstructive and resective ther-
apy including implantoplasty.

•	 What were the reported outcomes following peri-implantitis 
treatment in the evaluated studies?

The included studies reported on changes in bleeding on prob-
ing (BOP), probing pocket depth (PD), mucosal recession (MR), clin-
ical attachment levels (CAL), and width of keratinized mucosa (KM). 
Radiographic defect fill along with the evaluation of bone level 
changes was also evaluated through peri-apical radiographs in some 
of the studies. Disease resolution defined as a composite outcome 
including mucosal recession (<1 mm) was used in one of the included 
studies (Renvert et al., 2018).

•	 What soft-tissue level changes can be expected following surgical 
treatment of peri-implantitis?

https://www.equator-network.org/


    |  251SCHWARZ et al.

Reconstructive approaches were associated with minimal in-
creases in mucosal recession (n  =  22, WME=0.38  mm, 95% CI 
[0.18; 0.57]), p  =  .001). These increases were more pronounced 
following either resective therapy or access flap surgery (n  =  6, 
WME  =  1.21  mm, 95% CI [0.70; 1.72], p  =  <0.001; and n  =  3, 
WME = 0.95 mm, 95% CI [0.20; 2.10], p = .106; respectively). When 
resective and reconstructive approaches were combined, the highest 
values of mucosal recession were reported (n = 2, WME = 1.97 mm, 
95% CI [0.81; 3.14], p < .001).

•	 Does the modality of the surgical technique have an impact on the 
extent of the post-operative soft-tissue level changes?

According to the findings of the systematic review, reconstruc-
tive approaches yielded significantly less mucosal recession, when 
compared to access flap surgery (n  =  3, WMD  =  −1.35  mm, 95% 
confidence interval [CI] [−2.62; −0.07], p  =  .038). When compar-
ing among reconstructive surgical interventions, similar outcomes 
were observed irrespective of the use of a barrier membrane (n = 3, 
WMD = −0.01 mm, 95% CI [−0.15; 0.13], p = .917). Similarly, no sig-
nificant differences in mucosal recession changes were observed 
when implantoplasty was part of the treatment modality (n  =  2, 
WMD = 0.109 mm, 95 CI [−0.35; 0.57], p = .644).

•	 Which treatment modality was associated with the least peri-
implant mucosal recession?

Between-group comparisons were not feasible for all of the sur-
gical techniques investigated. Furthermore, potential confounding 
factors such as the location of the implant (anterior or posterior), de-
fect morphology, amount of keratinized mucosa, phenotype of peri-
implant tissues, presence and periodontal status of adjacent teeth, 
peri-implant status of adjacent implant, and method of implant surface 
decontamination could not be considered for the analysis. Moreover, 
it is not possible to estimate to what extent the changes in soft-tissue 
levels were due to a specific surgical procedure or disease resolution. 
Nevertheless, reconstructive approaches had a significantly lower 
mucosal recession changes in the short term when compared with 
access flap surgery (n = 3, WMD = −1.35 mm, 95% CI [−2.62; −0.07], 
p = .038). It has to be realized that the outcomes on the medium and 
long term may also be influenced by other factors such as the matu-
ration and remodeling of the peri-implant tissues or maintenance care 
provided.

•	 Does peri-implant mucosal recession after surgical peri-implantitis 
treatment correspond with disease resolution?

The present systematic review could not assess how disease res-
olution corresponds to changes in the position of the mucosal margin.

•	 What is the perception of the patient after surgical treatment of 
peri-implantitis?

The impact of the changes in the position of the mucosal margin 
on patient perception (including esthetics) after the surgical treat-
ment of peri-implantitis was not reported in any of the included 
studies.

4.4  |  Clinical recommendations

•	 How and when should peri-implant soft-tissue levels be 
assessed in day-to-day clinical practice?The clinician is advised to 
define a reproducible and accessible fixed reference point (e.g., 
the implant shoulder/restorative margin/incisal edge) for mea-
surement of the distance to the mucosal margin. Measurements 
should be made, using a periodontal probe, at 4 or more aspects 
per implant.

When evaluating the effects of surgical treatment on peri-
implant mucosal levels, baseline measurements should be performed 
prior to and after nonsurgical therapy.

•	 What factors should be assessed prior to a surgical peri-implantitis 
treatment with respect to esthetic outcomes?

The width of keratinized tissue may influence the changes in the 
mucosal margin (i.e., the wider, the less mucosal recession (one ob-
servational study (Galarraga-Vinueza et al., 2020)). As peri-implant 
mucosal recession may be of less relevance to the esthetic out-
comes in the presence of an overdenture, a low smile line or when 
the implant is located in the posterior area these factors should be 
assessed prior to treatment.

•	 Which surgical protocol may be recommended to achieve 
optimal disease resolution and preservation of the soft-tissue 
levels?

The selection of the surgical protocol should primarily consider 
the extent and morphology (i.e., supracrestal and/or intrabony 
defects) of the defect, rather than focusing on minimizing muco-
sal recession. In particular, the presence of supracrestal defects 
may require resective rather than reconstructive approaches and 
therefore bear a higher risk for mucosal recession. In the presence 
of intrabony defects, a reconstructive procedure may be beneficial 
over an access flap procedure in better preserving soft-tissue levels 
(Based on 3RCT’s).

•	 What information should the patient be provided prior to surgical 
management with respect to soft-tissue changes?

The patient should be informed that surgical treatment of peri-
implantitis appears to be commonly associated with the occurrence 
of mucosal recession. This may potentially result in an exposure of 
transmucosal implant components, which may have a deleterious ef-
fect on the appearance of the restoration.
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4.5  |  Implications for future research

4.5.1  |  Which are the critical questions that should 
be addressed in future clinical studies?

•	 The associations between disease resolution and post-surgical 
mucosal recession.

•	 The effect of post-surgical mucosal recession on cleansability of 
the implant site and on the risk for re-infection.

•	 The importance of patient-reported outcome measures (PROMs) 
including esthetics perception with regard to post-surgical muco-
sal recession prior to and after the treatment of peri-implantitis.

•	 The efficacy of soft-tissue grafting for stabilizing the supracrestal 
soft-tissue compartment.

•	 The impact of site-specific characteristics on post-surgical mu-
cosal recession such as soft-tissue thickness, defect extent and 
morphology, type and positioning of the implant as well as the 
type of prosthetic restoration.

•	 The impact of post-surgical mucosal recession on the decision-
making process to maintain or remove the implant.

5  |  WHAT METHODS SHOULD BE USED 
IN FUTURE CLINIC AL TRIAL S TO E VALUATE 
THE CHANGES IN THE DIMENSIONS AND 
APPE AR ANCE OF THE SOF T TISSUES AF TER 
THE SURGIC AL TRE ATMENT OF PERI-
IMPL ANTITIS?

•	 Standard tessellation language (STL) digital image superim-
position for accurately assessing linear changes in the posi-
tion of the mucosal margin and three-dimensional volumetric 
measurements.

•	 Establishment of esthetic score indices for the evaluation of 
peri-implantitis affected sites.
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