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Abstract
Objective: To evaluate the potential benefit of the use of a bone substitute material in 
the reconstructive surgical therapy of peri-implantitis.
Methods: In this multicenter randomized clinical trial, 138 patients (147 implants) with 
peri-implantitis were treated surgically, randomized by coin toss to either a control 
(access flap surgery) or a test group (reconstructive surgery using bone substitute 
material). Clinical assessments, including probing pocket depth (PPD), bleeding and 
suppuration on probing (BOP & SOP) as well as soft tissue recession (REC), were re-
corded at baseline, 6 and 12 months. Marginal bone levels (MBL), measured on intra-
oral radiographs, and patient-reported outcomes (PROs) were recorded at baseline 
and 12 months. No blinding to group allocation was performed. The primary outcome 
at 12 months was a composite measure including (i) implant not lost, (ii) absence of 
BOP/SOP at all aspects, (iii) PPD ≤5 mm at all aspects and (iv) ≤1 mm recession of 
mucosal margin on the buccal aspect of the implant. Secondary outcomes included (i) 
changes of MBL, (ii) changes of PPD, BOP%, and buccal KM, (iii) buccal REC and (iv) 
patient-reported outcomes.
Results: During follow-up, four implants (one in the test group, three in the control 
group) in four patients were removed due to disease progression. At 12 months, a 
total of 69 implants in the test and 68 implants in the control group were examined. 
Thus, 16.4% and 13.5% of implants in the test and control group, respectively, met 
all predefined criteria of the composite outcome. PPD reduction and MBL gain were 
3.7 mm and about 1.0 mm in both groups. Reduction in mean BOP% varied between 
45% (test) and 50% (control), without significant differences between groups. Buccal 
REC was less pronounced in the test group (M = 0.7, SD = 0.9 mm) when compared to 
controls (M = 1.1, SD = 1.5 mm). PROs were favorable in both groups without signifi-
cant differences. One case of allergic reaction to the antibiotic therapy was recorded. 
No other adverse events were noted.
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1  |  INTRODUC TION

Peri-implantitis is characterized by bleeding/suppuration on prob-
ing together with loss of supporting bone and affects about 15% of 
implant-carrying patients (Derks et al., 2016). The primary goal of the 
treatment of peri-implantitis is to resolve the inflammatory lesion 
in peri-implant tissues, which was shown to be possible in preclin-
ical in vivo experiments (Albouy et al., 2011; Carcuac et al., 2015). 
Successful management of peri-implantitis, as indicated by the re-
duction in bleeding on probing and/or absence of further bone loss, 
has also been demonstrated both in observational studies (e.g., 
Berglundh et al., 2018; Roccuzzo et al., 2017; Schwarz et al., 2017) 
and in randomized controlled trials (e.g., Carcuac et al.,  2016; 
Carcuac et al., 2017; Hentenaar et al., 2022).

In addition to the resolution of the peri-implantitis lesion, a de-
sirable outcome is the regeneration of supporting tissues lost during 
disease progression. The use of reconstructive procedures in the 
surgical treatment of periodontitis has been extensively evaluated 
(Nibali et al., 2020), and the technique is an established option for 
the management of angular defects around teeth (Sanz et al., 2020). 
A similar approach in the treatment of peri-implantitis-associated 
defects may be relevant not only for the longevity of the implant but 
also for the esthetic appearance post-therapy.

In a systematic review on reconstructive measures as part of 
surgical treatment of peri-implantitis, it was reported that evidence 
from controlled trials is limited (Tomasi et al., 2019). While no clinical 
benefits of reconstructive measures over access flap alone were ob-
served, the use of bone substitute materials resulted in improved ra-
diographic bone levels and defect fill (K. Jepsen et al., 2016; Wohlfahrt 
et al., 2012). Interpretation of such findings, however, is complex due 
to the difficulty in distinguishing graft material from newly formed 
bone on radiographs. In a consensus report from the 15th European 
Workshop on Periodontology on bone regeneration, the importance 
of including outcomes related to soft tissue dimensions and esthet-
ics in studies on reconstructive techniques used at peri-implantitis-
associated bony defects was highlighted (S. Jepsen et al., 2019). While 
some studies (Isehed et al.,  2016; Jepsen et al.,  2016; Wohlfahrt 
et al., 2012) did not consider esthetic parameters in their clinical eval-
uations, two publications (Renvert et al., 2018; Renvert et al., 2021) 
found no differences in soft tissue recession between test and control 
groups. Furthermore, the degree of patient satisfaction was not de-
pendent on treatment modality (Renvert et al., 2021).

Thus, the limited evidence, specifically in terms of soft tissue 
recession and patient-reported outcomes, calls for further inves-
tigation. The aim of the present randomized controlled trial was to 

evaluate the potential benefit of the use of a bone substitute material 
in the reconstructive surgical therapy of peri-implantitis. Hence, the 
null hypothesis was the absence of any difference between access 
flap alone and access flap combined with a bone substitute material.

2  |  MATERIAL S AND METHODS

The study was designed as a multicenter, parallel group, randomized, 
controlled trial conducted at 6 centers located in Sweden, Italy, Spain, 
and Germany. The protocol was approved by the responsible au-
thorities in the respective countries (Gothenburg: 1192–16; Bilbao: 
06/2017; Málaga: 27/09/2017; Perugia: 3173/18; Trento: 21390; 
Munich: 17028) and registered at clini​caltr​ials.gov (NCT03077061). 
Interim analyses for efficacy/futility were carried out. No changes 
to the study protocol were performed after trial commencement. 
CONSORT guidelines were followed (Schulz et al., 2010).

2.1  |  Study population

Eligible participants were subjects aged 18 years or over, presenting 
with peri-implantitis at ≥1 implant (≥1 year of function). Target sites 
presented with peri-implant probing pocket depth (PPD) of ≥7 mm, 
bleeding and/or suppuration on probing (BOP/SOP) and radiograph-
ically confirmed bone loss of ≥3 mm. For cases lacking reference 
radiographs, bone levels ≥3 mm were considered. Peri-implant os-
seous defects were circumferential and ≥3 mm deep, as confirmed 
during surgery. No minimum number of bony walls was required. 
Exclusion criteria were (i) surgical therapy of peri-implantitis and/
or use of systemic/local antibiotics during the previous 6 months, (ii) 
untreated periodontitis, (iii) systemic conditions/medication affect-
ing peri-implant tissues and/or impeding surgical intervention (e.g., 
uncontrolled diabetes, immunosuppressive medication).

In all, 165 subjects were invited and a total of 138, presenting 
with 147 target implants, were eventually included in the study 
(Figure 1). Patient and implant/site characteristics are illustrated in 
Table 1.

2.2  |  Setting

The study took place at 6 clinical centers. All study-related proce-
dures were performed by experienced clinicians with specialty de-
grees in periodontics (JD, AOV, AG, MD, DS, CT, KK, IA & TB), oral 

Conclusions: Surgical therapy of peri-implantitis effectively improved the clinical and 
radiographic status at 12 months. While the use of a bone substitute material did not 
improve reductions of PPD and BOP, buccal REC was less pronounced in the test 
group. Patient satisfaction was high in both groups.

K E Y W O R D S
bone graft, dental implant, peri-implantitis, reconstructive therapy, surgical therapy

http://clinicaltrials.gov
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surgery (PG), or orthodontics (EB). All clinicians met for discussion 
of the study protocol and calibration purposes at the primary study 
center (Gothenburg) prior to study initiation.

Patients meeting the inclusion criteria were invited on a consec-
utive basis. Upon signed consent, participants were enrolled and 
assigned a unique identification number. At the time of surgical in-
tervention, subjects were randomly allocated to either the test or 
control group. In case of multiple implants per patient, all implants 
were allocated to the same group. Randomization sequence was de-
termined by coin toss and was stratified by smoking with a 1:1 allo-
cation using a block size of 4. Smokers were those subjects reporting 
daily tobacco smoking. Randomization lists were prepared at the 
primary study center and distributed together with clinical record 
forms. Allocation was concealed through the use of sealed, opaque 
envelopes. During follow-up, neither clinicians nor participants were 
blinded to group allocation. Surgical interventions were performed 
between July 2017 and February 2021.

2.3  |  Interventions

Patients first received tailored, non-surgical peri-implantitis ther-
apy including oral hygiene instructions, possible adjustments to 
implant-borne prostheses and instrumentation performed with ti-
tanium curettes and polishing cups. Once demonstrating adequate 
self-performed infection control (full-mouth plaque score ≤20%), 
patients underwent surgical therapy at peri-implantitis sites. A 

10-day antibiotic regimen (Amoxicillin 2 × 750 mg daily) was initi-
ated 3 days prior to surgery. When feasible, prostheses were dis-
connected. Following local anesthesia, full-thickness access flaps 
were carefully elevated and inflamed tissue was removed from the 
peri-implant defect(s). Implant surfaces were cleaned by titanium 
curettes and a rotating titanium brush (Nano NiTi Brush, HANS 
KOREA CO. Ltd) used at ≤1200 rpm under continuous irrigation 
with saline. Upon surface decontamination, allocation to test or 
control was revealed. In controls, flaps were simply replaced at their 
initial position and sutured. At test sites, peri-implant bony defects 
were filled with a bone substitute material (Bio-Oss Collagen®, 
Geistlich, Lucerne, Switzerland) to the level of the bone crest prior 
to suturing. In both groups, the aim was to achieve primary closure 
through careful adaptation of tissue margins (Figure 2). Prostheses 
were reconnected and patients were advised to abstain from me-
chanical plaque control measures and rinse with a 0.2% solution of 
chlorhexidine digluconate until suture removal at 2 weeks. For ad-
ditional details on the surgical procedures, see Table A1. Follow-up 
visits including oral hygiene reinforcement and polishing by rubber 
cup (targeting the whole dentition) were scheduled at 6 weeks and 
at 6 and 12 months (Figure A1).

2.4  |  Clinical examination

Clinical assessments were carried out at baseline (prior to surgery) 
and at 6 and 12 months. Assessments included measurements of PPD, 

F I G U R E  1  Flow-chart illustrating 
the process of enrollment, treatment 
allocation and follow-up
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BOP, SOP, soft tissue levels and presence of plaque at 4 aspects per 
implant using a metal periodontal probe. The width of keratinized mu-
cosa (KM) and the distance between the mucosal margin and a refer-
ence landmark (the shoulder of the implant or the prosthetic margin) 
were evaluated on the buccal aspect. PPD, soft tissue levels and KM 
were recorded to the nearest millimeter, while BOP, SOP (within 15 s 
following probing) and plaque were scored dichotomously (yes/no). 
Clinical examinations were performed with prostheses in place and 
intraoral photographs were obtained at baseline and follow-up visits.

During surgery, dimensions of the peri-implant bony defect(s) 
were measured by probe. Thus, defect depth (bony crest to the bot-
tom of defect) and width as well as bone levels relative to implant 
shoulder were evaluated at four aspects per implant. Defects were 
categorized according to (i) defect geometry and (ii) presence/ab-
sence of the buccal bony wall (Table A2).

2.5  |  Radiographic examination

Intra- radiographic images were obtained by long-cone parallel tech-
nique prior to surgery (≤4 weeks) and at 12 months. Marginal bone 
levels (MBL) were assessed by two trained and blinded investigators 
(JD & YI) using an image analysis software (ImageJ 2.0.0-rc-69/1.52n; 
National Institutes of Health). Pictures were calibrated either by the 
known inter-thread distance or the implant length/diameter. MBLs 
were measured on the mesial and distal aspect relative to a fixed 
landmark and expressed in mm (Figure A2).

For 34 implant sites, MBL assessments were repeated. The ab-
solute difference between two assessments was used to express 
the measurement error. Intra- and inter-rater comparisons revealed 
mean measurement errors of 0.33 ± 0.37 mm (±: standard devia-
tion) and 0.49 ± 0.46 mm. A two-way mixed-effect model with con-
sistency agreement reported intraclass correlation coefficients of 
0.97 (95% CI 0.96/0.98; CI: confidence interval) and 0.95 (95% CI 
0.92/0.97), respectively.

2.6  |  Patient-reported outcomes

Participants completed a written questionnaire prior to surgery, at 
2 weeks and at 12 months. Responses were scored on a visual analog 
scale (VAS, 100 mm, Figure A3). Questions were translated into re-
spective languages. Adverse events were recorded. In addition to an 
overall comparison by group allocation, we performed a sub-analysis 
of satisfaction at 12 months considering only subjects treated at im-
plant sites located in the esthetic zone (second premolar to second 
premolar in the maxilla).

2.7  |  Data analysis

According to an a priori power calculation, a total of 122 patients 
(61 per group) were required to detect (power 0.8; alpha 0.05) a 
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difference of 1 mm in PPD change between groups, considering 
a standard deviation of 1.97 (Carcuac et al.,  2016). To compen-
sate for possible drop-out, the enrollment of 140 study partici-
pants was planned. At the time of study planning, no relevant data 
on composite outcomes were available for appropriate power 
analysis.

The unit of analysis for clinical and radiographic evaluations was 
the implant. For MBL and PPD, the deepest measurement at each 
evaluation point was chosen, while for soft tissue level and KM, the 
buccal aspect was representative of the implant. For BOP and SOP, 
the percentage of positive aspects (out of four sites) per implant was 
calculated.

F I G U R E  2  Images illustrating 
interventions by group allocation

F I G U R E  3  Threshold and composite outcomes at 12 months. N = 147 implants, the four implants lost due to disease progression are 
considered. Composite outcome defined as implant not lost, no bleeding on probing (BOP), no suppuration on probing (SOP), probing pocket 
depth (PPD) ≤5 mm and buccal recession (REC) ≤1 mm. For further details, see Table A3.
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The primary outcome at 12 months was a composite measure in-
cluding all of the following features: (i) implant not lost, (ii) absence of 
BOP/SOP at all aspects, (iii) PPD ≤5 mm at all aspects and (iv) ≤1 mm 
recession of mucosal margin on the buccal aspect (buccal REC) of the 
implant. Secondary outcomes included (i) changes (i.e., from baseline 
to 12 months) of MBL, (ii) changes of PPD, BOP%, buccal KM, (iii) 
buccal REC and (iv) patient-reported outcomes.

We used logistic (for the primary outcome) and linear regression 
analyses to assess differences between test and control groups. 
Results of the logistic regression were expressed as odds ratio (OR). 
For continuous data, group allocation and time points (baseline, 6 
and 12 months) were entered as main effects and interaction terms 
to the respective models (STATA 17.0, StataCorp). We predicted out-
comes including 95% CIs and analyzed potential differences through 

TA B L E  2  Continuous outcomes at 12 months by group (intention to treat)

Test Control Total

n Mean (SD) Min to max n Mean (SD) Min to max n Mean (SD) Min to max

PPD Change (mm) 72 −3.7 (2.1) −8.0 to 3.0 71 −3.7 (2.3) −9.0 to 6.0 143 −3.7 (2.2) −9.0 to 6.0

BOP% Change 72 −44.8 (36.6) −100.0 to 
50.0

71 −49.6 (41.1) −100.0 to 
75.0

143 −47.2 (38.8) −100.0 to 
75.0

Buccal REC (mm) 72 0.7 (0.9) −1.0 to 3.0 71 1.1 (1.5) −3.0 to 7.0 143 0.9 (1.2) −3.0 to 7.0

Buccal KM Change (mm) 72 −0.1 (1.3) −5.0 to 4.0 71 −0.5 (1.1) −4.0 to 3.0 143 −0.3 (1.2) −5.0 to 4.0

MBL Change (mm) 72 1.1 (1.4) −4.4 to 5.2 71 1.1 (1.0) −2.3 to 3.9 143 1.1 (1.2) −4.4 to 5.2

Plaque (%) – per protocol 69 20.3 (33.8) 0.0 to 100.0 68 19.9 (31.6) 0.0 to 100.0 137 20.1 (32.6) 0.0 to 100.0

Note: N = 143 implants. The four implants lost due to disease progression are not considered. For statistical testing, see Table A5.
Abbreviations: BOP, bleeding on probing; KM, keratinized mucosa; MBL, marginal bone level; PPD, probing pocket depth; REC, recession; SD, 
standard deviation.

F I G U R E  4  Changes of probing pocket depth (PPD), bleeding on probing% (BOP%), buccal keratinized mucosa (KM), marginal bone level 
(MBL) and buccal recession (REC) following the surgical intervention. N = 143 implants, the 4 implants lost due to disease progression are 
not considered. Results are based on regressions analyses also illustrated in Table A5. Whiskers indicate 95% CIs.



928  |    DERKS et al.

pairwise comparisons (α: 0.05). We used Bonferroni correction for 
multiple comparisons. To address the potential clustering effect of 
multiple implants within patients, we confirmed initial estimates 
through multilevel modeling.

Analyses were performed according to the intention-to-treat 
principle. In case of missing data, the last available observation 
was carried forward under the assumption of “missing completely 
at random.” An evaluation of missingness was performed. Patient-
reported outcomes demonstrated skewed distributions and were 
analyzed per-protocol using the Mann–Whitney U test. Finally, the 
potential effect of center on the composite outcome and on changes 
of PPD and MBL was evaluated by adding “Center” as an indepen-
dent parameter to both the logistic and the respective linear regres-
sion analyses.

3  |  RESULTS

Out of the initially included 138 participants (147 implants), five 
subjects (six implants) were lost to follow-up prior to the 12-month 
evaluation (Figure 1). A total of four implants (one in the test group, 
three in the control group) in four patients were removed prior to the 
final examination due to continuous loss of MBL. One case of allergic 
reaction to the antibiotic therapy was recorded. No other adverse 
events related to any study intervention were noted.

At 12 months, the different components of the composite out-
come were met at varying degrees. In all, the majority of implants 
presented with shallow PPD (≤5 mm; 68.5%) and minor buccal REC 
(≤1 mm; 68.5%). In contrast, the complete absence of BOP/SOP was 
achieved only for a minority of implants (25.9%). Accordingly, a com-
posite outcome for all predefined criteria (implant not lost, absence 
of BOP/SOP, PPD ≤5 mm and buccal REC ≤1 mm) was noted for 
16.4% and 13.5% of implants in the test and control group, respec-
tively (Figure 3 & Table A3). Differences between groups were not 
statistically significant (OR 0.79; 95% CI 0.32/1.97; p = .62; Table A4). 
PPD reduction and MBL gain were 3.7 mm and about 1.0 mm in both 
groups. The reduction in mean BOP% varied between 45% and 
50%. No statistically significant differences between groups were 
observed. Test implants demonstrated less buccal REC (mean dif-
ference: 0.40 mm, 95% CI 0.06/0.73; p  =  .02) and less buccal KM 
change (mean difference: 0.34 mm, 95% CI 0.01/0.67; p = .05) than 
controls (Table 2, Figure 4, Table A5 and Figure A4).

Pronounced MBL gain of >2 mm was noted at 22.2% of test and 
at 18.3% of control implants. In all, 3 implants (2.1%), in addition to 
the four implants that were removed, demonstrated MBL loss >1 mm 
between surgery and the 12-month evaluation (Table A3).

Responses to the questionnaires were not normally distributed 
(Figure 5 & Table A6).

At 12 months, the overall satisfaction with treatment outcomes 
(median and interquartile range) was rated at 97.5 (20.0) and 91.5 
(20.0) in the test and control groups, respectively. Corresponding 
satisfaction with the esthetic outcome was 95.0 (24.0) and 95.0 
(30.0). Postsurgical pain at 2 weeks was scored as 10.0 (20.0) and 

10.0 (21.0). Differences between test and control groups were not 
statistically significant.

Clinical and radiographic outcomes at the 51 implants located 
in the esthetic zone revealed no statistically significant differences 
when compared to other sites (Table  A7). In addition, differences 
between treatment groups in terms of buccal REC in the esthetic 
zone were consistent with overall findings (Table  A8). No statisti-
cally significant differences in patient satisfaction were observed 
(Figure A5). No association between the degree of “satisfaction with 
therapy” and “satisfaction with esthetic outcome” and buccal REC 
was found (Figure A6).

The analysis of a potential center effect revealed no statistically 
significant differences in terms of composite outcome and PPD 
change between centers. Differences in MBL change by center were 
observed (Figure A7 & Tables A9–A12).

Details of the number of missing values (nonattendance) by time 
point are illustrated in Table A13.

4  |  DISCUSSION

In the present study, the potential benefit of the use of a bone 
substitute material in the reconstructive surgical therapy of peri-
implantitis was evaluated. Treatment resulted in pronounced im-
provements at 12 months as illustrated by reductions of PPD and 
BOP as well as by marginal bone level gain. For these parameters, 
no differences between groups were observed. Complete absence 
of BOP/SOP was observed at about 25% of implants, which limited 
the proportion of implants matching all predefined criteria for the 
composite outcome, irrespective of treatment group. Buccal soft tis-
sue recession, however, was less pronounced in the test group when 
compared to controls. Patient-reported outcomes were favorable in 
both groups without significant differences.

The results of the present study provide relevant information 
on the management of peri-implantitis-associated osseous defects. 
The currently available evidence in the field is limited not only due 
to the small number of controlled studies but also due to the hetero-
geneity in the choice of reconstructive technique. Thus, Wohlfahrt 
et al.  (2012) and Jepsen et al.  (2016) used a bone substitute ma-
terial consisting of titanium granules, while Renvert et al.  (2021; 
2018) filled the bony defects at test sites with a xenograft. Isehed 
et al.  (2016, 2018), on the other hand, applied a biological agent. 
Irrespective of technique, no differences in reduction of PPD or BOP 
scores were observed between test and control groups. Although 
this observation is in agreement with our results, the overall mag-
nitude of PPD reduction in the present study was greater than in 
the aforementioned studies. This difference may be explained by 
the severity of peri-implantitis in the presently included patient 
sample, illustrated by a PPD of 8.6 mm and an osseous defect depth 
of 6.0 mm prior to therapy. This explanation is supported by data 
presented by Tapia et al.  (2019), who reported a similarly marked 
PPD reduction following reconstructive surgical therapy of peri-
implantitis at sites with a pre-surgical PPD of 8.5 mm.
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While the lack of differences in reduction of PPD and BOP scores 
between test and control sites in the current trial was consistent with 
findings from previous controlled studies, our data on MBL changes 
were more ambiguous. The MBL improvement at 12 months was 
about 1 mm in both groups, which corresponds well with previously 
described observations at control sites but not with data reported 
from test sites. Thus, Jepsen et al. (2016) and Renvert et al. (2021) 
reported an MBL improvement at test sites varying between 2.7 and 
3.5 mm, while corresponding data for control sites were 0.9–1.4 mm. 
The reasons for the different results on MBL changes at test sites 
are not fully understood but may be related to variations in choice of 
reconstructive techniques/materials and in morphology of the peri-
implantitis-associated bony defects. As already pointed out, difficul-
ties in distinguishing a bone filler material from newly formed bone 
may influence the interpretation of bone levels on radiographs. In 
addition, peri-implant osseous defects may present with configura-
tions ranging from fully contained to “open,” i.e., absence of buccal 
and lingual bony walls. In the present study, the inclusion criteria 
allowed for cases with peri-implant defects lacking buccal and/or 
lingual bone walls. In fact, almost 40% of all defects were classified 
as “open.” This figure may be considered as high, as the correspond-
ing proportion in an observational study on reconstructive surgical 
therapy of peri-implantitis was 18% (Roccuzzo et al., 2016). In the 
study by Renvert et al.  (2021), 62% of sites had a fully contained 

defect configuration, whereas similar conditions in the present study 
were identified in 24% of cases.

Although a substantial reduction in BOP was observed after 
treatment in the present study, a complete resolution of inflamma-
tion, as indicated by the complete absence of BOP, was not achieved. 
This finding is not unique for the current investigation. Indeed, 
previous studies on surgical treatment of peri-implantitis have re-
ported persisting BOP at follow-up (Carcuac et al., 2016; Carcuac 
et al., 2017; Carcuac et al., 2020; Heitz-Mayfield et al., 2012; Heitz-
Mayfield et al., 2018). Persisting BOP may be explained by the dif-
ficulties for patients to achieve proper access during home care 
coupled with the complex anatomy of exposed implant components 
following treatment. In the present study, residual BOP scores had 
a critical influence on the composite outcome. Difficulties in obtain-
ing high composite outcome scores were also reported elsewhere 
(Carcuac et al., 2016; Jepsen et al., 2016).

There are limited data on the alterations of the soft tissue 
margin in previous controlled studies on reconstructive surgi-
cal therapy of peri-implantitis. While Renvert et al.  (2021; 2018) 
did not observe differences in soft tissue recession between test 
and control sites, the results in the present study pointed to more 
favorable outcomes at test sites. The mean difference between 
groups was 0.4 mm and pronounced soft tissue recession of >1 mm 
occurred in a larger proportion of control than test sites (37% vs. 

F I G U R E  5  Patient-reported outcomes at baseline, at 2 weeks and at 12 months by group. Outcomes were scored on a VAS (100 mm). 
More details are reported in Table A6.
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26%). Although the reason for the difference in soft tissue reces-
sion between groups is not fully understood, the potential influ-
ence of the graft material on the tissue volume in the bucco-lingual 
dimension after therapy should be considered. In this context, 
it should be pointed out, however, that the clinical relevance of 
this finding at 12 months may be limited, as patient satisfaction in 
terms of esthetic appearance after treatment was high, irrespec-
tive of allocation to test or control procedures. This general obser-
vation is in agreement with data presented by Renvert et al. (2021). 
We further confirmed the lack of association between patient sat-
isfaction and soft tissue recession in our sub-analysis on implants 
in the esthetic zone.

The multicenter design and the large sample size are strengths 
of the present study. No critical center effects were observed. 
When interpreting the findings, the reader should also consider 
some limitations. The relevance of persisting, albeit reduced, BOP 
and PPD, and the importance of soft tissue recession on long-term 
outcomes and patient satisfaction require evaluations beyond the 
current time frame of 12 months. The lack of blinding of investiga-
tors and patients may have introduced a risk of bias. In addition, the 
power calculation was based on changes of PPD rather than our 
primary outcome, due to a lack of relevant data on composite out-
comes at the time of study design. Further, evaluations of MBL after 
the use of bone substitute materials are challenging and may have 
influenced the accuracy of radiographic assessments. Results from 
a preclinical in vivo study, however, indicated that the identification 
of marginal bone levels on conventional radiographic images is a re-
liable method, also after reconstructive therapy of peri-implantitis 
(Almohandes et al., 2022).

5  |  CONCLUSIONS

Surgical therapy of peri-implantitis effectively improved the clinical 
and radiographic status at 12 months. While the use of a bone sub-
stitute material did not improve reductions of PPD and BOP, buccal 
REC was less pronounced in the test group. Patient satisfaction was 
high in both groups.
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Test Control Total

n % n % n %

Implant loss No 72 98.6% 71 95.9% 143 97.3%

Yes 1 1.4% 3 4.1% 4 2.7%

BOP No 18 25.0% 19 26.8% 37 25.9%

Yes 54 75.0% 52 73.2% 106 74.1%

SOP No 64 88.9% 62 87.3% 126 88.1%

Yes 8 11.1% 9 12.7% 17 11.9%

PPD ≤5 mm 47 65.3% 51 71.8% 98 68.5%

>5 mm 25 34.7% 20 28.2% 45 31.5%

Buccal REC ≤1 mm 53 73.6% 45 63.4% 98 68.5%

>1 mm 19 26.4% 26 36.6% 45 31.5%

Composite outcome Completea 12 16.4% 10 13.5% 22 15.0%

Incomplete 61 83.6% 64 86.5% 125 85.0%

MBL Change ≥0 mm No 9 12.5% 7 9.9% 16 11.2%

Yes 63 87.5% 64 90.1% 127 88.8%

MBL Gain >1 mm No 36 50.0% 35 49.3% 71 49.7%

Yes 36 50.0% 36 50.7% 72 50.3%

MBL Gain >2 mm No 56 77.8% 58 81.7% 114 79.7%

Yes 16 22.2% 13 18.3% 29 20.3%

MBL Loss >1 mm No 71 98.6% 69 97.2% 140 97.9%

Yes 1 1.4% 2 2.8% 3 2.1%

Note: N = 147 implants.
Abbreviations: BOP, bleeding on probing;KM, keratinized mucosa; MBL, marginal bone level; PPD, 
probing pocket depth; REC, recession; SOP, suppuration on probing.
aComplete defined as implant not lost; no BOP, no SOP, PPD ≤5 mm and buccal REC ≤1 mm.

TA B L E  A 3  Threshold and composite 
outcomes at 12 months by group 
(intention to treat)

TA B L E  A 2  Characteristics of peri-implant defects assessed intrasurgically by group

Test Control Total

n % mean (SD) Min-max n % mean (SD) Min-max n % Mean (SD) Min-max

Bone crest to bottom of defect (mm) 73 6.0 (1.9) 3–13 74 6.0 (2.1) 3–14 147 6.0 (2.0) 3–14

Implant shoulder to bottom of defect 
(mm)

73 6.7 (2.1) 3–14 74 6.7 (2.4) 3–15 147 6.7 (2.3) 3–15

Defect width (mm) 73 3.1 (1.0) 1–7 74 3.1 (1.0) 2–9 147 3.1 (1.0) 1–9

Defect 
configuration

Opena at 
buccal and 
lingual 
aspect

27 37.0% 30 40.5% 57 38.8%

Opena at 
either 
buccal or 
lingual 
aspect

32 43.8% 22 29.7% 54 36.7%

Contained 14 19.2% 22 29.7% 36 24.5%

Buccal bone wall Intact 36 49.3% 35 47.3% 71 48.3%

Partially 
missingb

20 27.4% 12 16.2% 32 21.8%

Missingb 17 23.3% 27 36.5% 44 29.9%

Note: N = 147 implants.
aDefect configuration: “Open” is defined as implant exposure >2 mm (Implant shoulder to bottom of defect - Crest to bottom of defect >2 mm).
bBuccal bone wall: “Partially missing” is defined as buccal implant exposure >2 and ≤4 mm. “Missing” is defined as buccal implant exposure >4 mm.
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TA B L E  A 4  Logistic regression: Composite outcome at 12 months 
(intention to treat)

Odds ratio
95% Confidence 
interval p-Value

Test 1 - -

Control 0.79 0.32/1.97 .620

Intercept 0.30 0.11/0.37 <.001

Note: N = 147 implants.

TA B L E  A 5  Results of the regression analysis: Continuous outcomes (intention to treat)

Test Control

p-ValuePredicted value 95% Confidence interval Predicted value 95% Confidence interval

PPD Change (mm) 6 months −3.74 −4.15/−3.33 −3.60 −4.01/−3.18 -

12 months −3.71 −4.13/−3.29 −3.68 −4.10/−3.26 .91

BOP% Change 6 months −52.06 −59.34/−44.77 −51.35 −58.59/−44.11 -

12 months −44.79 −52.13/−37.45 −49.65 −57.04/−42.26 .36

MBL Change (mm) 12 months 1.11 0.91/1.31 1.06 0.86/1.27 .73

Buccal REC (mm) 6 months 0.79 0.56/1.02 1.03 0.80/1.26 -

12 months 0.71 0.47/0.94 1.11 0.87/1.34 .02

Buccal KM Change (mm) 6 months 0.03 −0.21/0.26 −0.53 −0.76/−0.30 -

12 months −0.15 −0.39/0.09 −0.49 −0.72/−0.25 .05

Note: N = 143 implants. The four implants lost due to disease progression are not considered.
Abbreviations: BOP, bleeding on probing; KM, keratinized mucosa; MBL, marginal bone level; PPD, probing pocket depth; REC, recession.
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TA B L E  A 11  Logistic regression: Composite outcome at 
12 months comparing centers (intention to treat)

Odds 
ratio

95% Confidence 
interval p-Value

Bilbao 1.00 - -

Gothenburg 0.60 0.18/2.07 .423

Malaga 0.51 0.09/2.83 .441

Munich a

Perugia 1.08 0.18/6.46 .930

Trento 1.08 0.31/3.82 .901

Intercept 0.23 0.09/0.56 .001

Note: N = 147 implants.
aOne cell with 0 observations.

TA B L E  A 1 2  Regression analysis of continuous outcomes comparing centers, adjusted for multiple comparisons (Bonferroni) (intention to 
treat)

Contrast Standard error t-Value p-Value

PPD change

Gothenburg versus Bilbao −0.69 0.40 −1.70 1.00

Malaga versus Bilbao −0.78 0.52 −1.51 1.00

Munich versus Bilbao 0.77 0.79 0.98 1.00

Perugia versus Bilbao −0.45 0.67 −0.68 1.00

Trento versus Bilbao 0.34 0.45 0.75 1.00

Malaga versus Gothenburg −0.10 0.49 −0.20 1.00

Munich versus Gothenburg 1.46 0.77 1.90 .86

Perugia versus Gothenburg 0.24 0.64 0.37 1.00

Trento versus Gothenburg 1.03 0.41 2.49 .20

Munich versus Malaga 1.56 0.83 1.87 .94

Perugia versus Malaga 0.33 0.72 0.46 1.00

Trento versus Malaga 1.12 0.53 2.13 .51

Perugia versus Munich −1.22 0.93 −1.31 1.00

Trento versus Munich −0.43 0.79 −0.55 1.00

Trento versus Perugia 0.79 0.67 1.17 1.00

MBL change

Gothenburg versus Bilbao 0.48 0.20 2.42 .24

Malaga versus Bilbao 0.12 0.25 0.48 1.00

Munich versus Bilbao 0.68 0.38 1.78 1.00

Perugia versus Bilbao −0.45 0.32 −1.37 1.00

Trento versus Bilbao −0.11 0.22 −0.52 1.00

Malaga versus Gothenburg −0.35 0.24 −1.49 1.00

Munich versus Gothenburg 0.21 0.37 0.56 1.00

Perugia versus Gothenburg −0.92 0.31 −2.94 .05

Trento versus Gothenburg −0.59 0.20 −2.94 .05

Munich versus Malaga 0.56 0.41 1.39 1.00

Perugia versus Malaga −0.57 0.35 −1.61 1.00

Trento versus Malaga −0.23 0.26 −0.91 1.00

Perugia versus Munich −1.13 0.45 −2.49 .20

Trento versus Munich −0.80 0.39 −2.07 .59

Trento versus Perugia 0.33 0.33 1.01 1.00

Note: N = 143 implants. Outcomes are graphically illustrated in Figure A7.
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TA B L E  A 1 3  Missing values for the different parameters by time point

Test Control Total

Baseline 6 months 12 months Baseline 6 months 12 months Baseline 6 months 12 months

PPD 0 4 3 0 5 3 0 9 6a

BOP 0 4 3 0 5 3 0 9 6a

Buccal Soft Tissue Level 0 4 3 0 5 3 0 9 6a

Buccal KM 0 4 3 0 5 3 0 9 6a

MBL 0 - 3 0 - 3 0 - 6a

Note: Unit of analysis: Implant.
Abbreviations: BOP, bleeding on probing; KM, keratinized mucosa; MBL, marginal bone level; PPD, probing pocket depth.
aSix implants in five patients.

F I G U R E  A 1  Flowchart illustrating the study outline
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F I G U R E  A 2  Illustration of radiographic evaluation of marginal 
bone levels at baseline and at 1 year. Images were calibrated by 
known distances (green line).

F I G U R E  A 3  Questionnaires provided to study participants at baseline, at 2 weeks and at 12 months
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F I G U R E  A 4  Cumulative curves of 
continuous outcomes at 12 months by 
group. N = 143 implants. KM, keratinized 
mucosa; MBL, marginal bone level; PPD, 
probing pocket depth; REC, recession.
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F I G U R E  A 5  Patient-reported outcomes at 12 months by group considering only subjects with treated implant sites in the esthetic zone 
(second premolar to second premolar in the maxilla). Outcomes were scored on a VAS (100 mm). N = 47 patients
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F I G U R E  A 6  Patient satisfaction by soft tissue recession considering only subjects with treated implant sites in the esthetic zone (second 
premolar to second premolar in the maxilla). N = 47 patients. VAS, visual analog scale
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F I G U R E  A 7  Illustration of potential center effect: Probing pocket depth change and marginal bone level change by center. N = 143 
implants. Results of the statistical testing are illustrated in Table A12. MBL, marginal bone level; PPD, probing pocket depth.
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