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Abstract
Aim: The aim of this study was to evaluate the efficacy of a xenogeneic collagen ma-
trix to augment the width of keratinized mucosa (KM), concomitantly to the surgical 
treatment of peri- implantitis, when compared to the use of an autologous soft tissue 
graft.
Material and methods: In this 12- month parallel- arm randomized controlled clinical 
trial, patients with peri- implantitis were randomly assigned, one month after non- 
surgical therapy, to surgical resective treatment of peri- implantitis consisting on an 
apically positioned flap (APF) in combination with a KM augmentation procedure, ei-
ther with an autologous free gingival graft (FGG) or a collagen matrix (CM). Primary 
outcomes were the increase in the width of KM and probing pocket depth (PPD) re-
duction at 12 months. As secondary outcomes, peri- implant radiographic and patient- 
reported outcomes were assessed.
Results: The intention- to- treat population consisted of 49 subjects, assigned to either 
the APF + FGG (n = 23) or APF + CM (n = 26) group. PPDs were reduced by 1.6 mm 
(SD 1.0) and 1.7 mm (SD 1.2), respectively, being these differences non statistically 
significant (p = .782). However, the increase in KM was significantly higher in the 
APF + FGG compared with APF + CM (2.5 mm [SD 1.6] vs. 1.6 mm [SD 1.2], respec-
tively (p = .033).
Conclusion: The tested surgical modalities resulted in similar improvements of the 
clinical parameters. Both free gingival graft and collagen matrix significantly increased 
the peri- implant keratinized mucosa, but this KM gain was significantly higher with 
the free gingival graft. Use of CM, however, was better appreciated by the patients, in 
terms of pain perception and analgesic consumption, although the surgical time was 
similar.
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1  |  INTRODUC TION

Dental implants have become a widespread treatment option for 
replacing missing teeth with high cumulative implant survival and 
success rates in both healthy and periodontitis patients (Berglundh, 
Persson, & Klinge, 2002; Derks et al., 2016; Hardt et al., 2002; 
Heitz- Mayfield, Aaboe, et al., 2018; Karoussis et al., 2003; Roccuzzo 
et al., 2010). However, the outcome of peri- implant diseases, namely 
peri- implant mucositis and peri- implantitis, has become an import-
ant health problem, impairing patients' quality of life, reducing their 
level of satisfaction with implant therapy (Abrahamsson et al., 2016; 
Insua et al., 2017), and diminishing its long- term success (Tonetti 
et al., 2015). At the recent World Workshop of Periodontal and Peri- 
implant diseases, peri- implantitis was defined as a pathological con-
dition occurring in the tissues around dental implants, characterized 
by inflammation in the peri- implant mucosa and progressive loss of 
supporting bone (Schwarz et al., 2018). Clinically, it is manifested by 
signs of inflammation, bleeding on probing (BOP), and/or suppura-
tion, increase in PPD, and progressive radiographic bone loss. The 
prevalence of peri- implantitis has been recently estimated as 22%, 
with a range from 1% to 47% due to the heterogeneity in case defini-
tions and the use of non- representative samples (Derks et al., 2015; 
Kordbacheh Changi et al., 2019; Rodrigo et al., 2018).

Despite the increasing prevalence and the clinical impact of 
peri- implantitis on the implant survival and success rates, there is 
currently no gold standard for its treatment. Non- surgical treatment 
modalities, utilizing various devices for surface decontamination, fol-
lowed by oral hygiene instructions, provide significant improvement 
of clinical parameters in the short term, but rarely lead to complete 
disease resolution in the long term (Faggion et al., 2014; Figuero, 
et al., 2014; Renvert et al., 2019). Surgical interventions seem to be 
more predictable for achieving the desired treatment outcomes, 
provided patients have strict oral hygiene practices and comply 
with regular supportive care (Schwarz et al., 2017), thus achieving 
cumulative implant survival rates ranging from 76% to 100% (Heitz- 
Mayfield, Salvi, et al., 2018). However, when strict disease resolution 
criteria are applied (absence of BOP and pockets with PD >5 mm), 
this composite outcome was rarely achieved (Chan et al., 2014; 
Roccuzzo et al., 2017; Tomasi et al., 2019).

One important aspect in the treatment of peri- implantitis is the 
low understanding and perception of this disease by the patients. 
After a very high initial expectation when receiving dental implant 
therapy, as a permanent solution to their oral/dental problems, pa-
tients do not understand the importance of peri- implant diseases, 
nor the relevance of its therapy or their personal commitment in its 
resolution (Abrahamsson et al., 2016; Insua et al., 2017).

Another factor that may influence the outcome of peri- implantitis 
surgical therapy may be the presence/absence of keratinized mucosa 
around the affected implants, although this effect is highly contro-
versial. Numerous studies suggest that less than 2 mm of kerati-
nized mucosa confers the patient brushing discomfort, and hence, 
they will be more prone to poorer plaque control and inflammation 
of the peri- implant tissues (Berglundh et al., 2018; Gobbato et al., 

2013; Perussolo et al., 2018; Sanz et al., 2009; Souza et al., 2016; 
Vignoletti et al., 2014). There is, however, no clear evidence that 
the lack of keratinized peri- implant mucosa is a risk factor for the 
initiation or progression of peri- implantitis (Berglundh et al., 2018; 
Bonino et al., 2018; Ravida et al., 2020). Recent systematic reviews 
(Giannobile, et al., 2018; Thoma et al., 2018) reported that soft tis-
sue augmentation procedures result in significant reductions of BOP 
and gingival indices improved. However, this data mostly relate to 
healthy implants or implants with peri- implant mucositis, and thus, 
the evidence of the role of keratinized tissue in the outcomes of peri- 
implantitis treatment is scarce. Although in a recently published case 
series combining free gingival grafts with resective surgical therapy 
in peri- implantitis patients, complete disease resolution was reported 
in 78.6% of the patients and 87.1% of the peri- implantitis affected 
implants (Monje et al., 2020). However, at present, it is unknown to 
what extent soft tissue grafting may additionally improve the out-
comes after surgical treatment of peri- implantitis and whether the 
augmentation procedure should be performed before or during the 
surgical treatment of peri- implantitis (Sculean et al., 2019).

Keratinized mucosa augmentation around dental implants has 
been traditionally realized by apically positioned flaps in combina-
tion with autogenous free or connective tissue grafts, attaining sig-
nificant increases in the width of peri- implant keratinized mucosa 
(Giannobile et al., 2018; Thoma et al., 2014, 2018). Recently, xeno-
geneic collagen matrices have been utilized as substitutes of autolo-
gous grafts in this indication with the aim of diminishing the patient 
donor site morbidity associated with harvesting autologous grafts. 
Several randomized controlled clinical trials have shown that the 
use of these collagen matrices resulted in similar or slightly inferior 
results in terms of keratinized tissue (KT) augmentation, but with 
significant reductions in patient morbidity and treatment time (Lee 
et al., 2010; Lorenzo et al., 2012; Sanz et al., 2009).

It was, therefore, the aim of this clinical trial to evaluate the ef-
ficacy of a surgical intervention for the treatment of peri- implantitis 
combining resective apically positioned flaps with either a xeno-
geneic collagen matrix (CM) or a free gingival graft (FGG) to augment 
the width of keratinized mucosa.

2  |  MATERIAL AND METHODS

2.1  |  Study design

The study was designed as a dual- center, prospective, randomized 
controlled clinical trial with a follow- up of 12 months. Patients were 
recruited among those diagnosed with peri- implantitis combined 
with lack of keratinized mucosa at the Periodontal Postgraduate 
Clinic (University Complutense, Madrid, Spain) and a private special-
ist center (Periocentrum Bilbao, Bilbao, Spain).

The study protocol was approved by the Ethics Committee of 
Clinical Investigation of San Carlos Clinical Hospital (approval num-
ber 16/502- P) and by the Ethics Committee of Clinical Investigation 
of the Basque Country (CEIC- E 2017001). The trial was registered 
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at http://Clini calTr ials.gov (NCT03551145) and reported following 
the CONSORT guidelines and according to the principles of the 
Declaration of Helsinki of 1975 and its revision in 2013.

2.2  |  Study sample population

Patients were included in the study if they presented the following 
criteria: (1) aged at least 18 years, (2) presence of at least one implant 
diagnosed with peri- implantitis (radiographic bone loss >2 mm, with 
a probing depth >5 mm, bleeding on probing and/or suppuration) 
(Lang et al., 2011), (3) absent or insufficient keratinized peri- implant 
mucosa (<2 mm).

Exclusion criteria were as follow: (1) non- treated periodonti-
tis; (2) general contraindications for oral surgical treatment (e.g., 
recent myocardial infarction, active treatment of malignancy etc.), 
(3) inflammatory or autoimmune diseases of the oral cavity (e.g., er-
ythema multiforme, pemphigus vulgaris etc.), (4) presence of peri- 
implant defects with an intrabony component ≥3 mm, (5) smokers 
of more than 10 cigarettes/day, (6) allergy to collagen or analgesics/
anti- inflammatory non- steroid drugs, (7) history of cancer in various 
parts of the body which required radiotherapy of the head or neck 
within the last 5 years, (8) current medication with immunosuppres-
sors (e.g., corticosteroids) or bisphosphonates, (9) pregnant or lac-
tating women, (10) women in fertile age, who do not use effective 
methods of contraception, and (11) being participant in any other 
clinical research study within the last 24 weeks before initiation of 
the study.

2.3  |  Study interventions

All patients received a course of non- surgical therapy consisting of 
mechanical debridement of the contaminated implant surface with a 
combination of ultrasonic and glycine- powder air polishing devices. 
Prior to this intervention, patients were instructed in specific oral 
hygiene measures, and in presence of inadequate implant supported 

prosthesis design, the prosthetic contours were modified to improve 
the accessibility for proper self- performed biofilm control.

All patients received a course of non- surgical therapy consisting 
of mechanical debridement of the contaminated implant surface with 
a combination of ultrasonic and glycine- powder air polishing devices. 
Prior to this intervention, patients were instructed in specific oral 
hygiene measures, and in presence of inadequate implant supported 
prosthesis design, the prosthetic contours were modified to improve 
the accessibility for proper self- performed biofilm control.

One month after the non- surgical treatment, and provided the 
peri- implant condition was not arrested, the surgical procedure was 
indicated and the following surgical intervention was carried out 
after removing the implant supported prosthesis, whenever possible:

In the buccal aspect, a full thickness flap was raised allowing 
the exposure of the contaminated implant surface and the bone 
crest. Then, from the alveolar bone crest to approximately 10 mm 
apically, a partial thickness flap was raised and sutured apically to 
the periosteum, leaving a bed of exposed connective tissue covering 
the buccal bone surface. In the palatal/lingual aspect, standard full 
thickness flaps were raised. Once the granulation tissue has been re-
moved, the contaminated implant surface was debrided with a com-
bination of ultrasonic and glycine- powder air polishing devices and 
the threads with moderately rough surfaces exposed supracrestally 
were eliminated by implantoplasty using high- speed tungsten car-
bide burs, diamond burs, and Arkansas stone polish burs (Figure 1). 
In order to minimize recession of the soft tissue margin, no osseous 
surgery was performed. At this stage and provided the intra- surgical 
exclusion criteria were not present (presence of ≥3 mm deep intra-
bony component), the randomization and treatment allocation to 
the experimental and control groups was performed using sealed 
envelopes that were opened by a clinical investigator different from 
the surgeon. In those patients allocated to the test group (CM), a 
xenogeneic porcine derived collagen matrix (Muco- Graft®; Geistlich 
Pharma AG) was applied over the exposed connective tissue bed and 
sutured with a combination of interrupted and cross- mattress non- 
resorbable sutures (Figure 2). In patients allocated to the control 
group (FGG), a free gingival graft of about 1– 2 mm in thickness was 

F I G U R E  1  Sequence of 
instruments used for implantoplasty. 
(a) H73EF.104.023 tungsten carbide 
bur, Komet; (b) diamond bur ISO 
806204259514014 Paro Periodontology 
Kit, Diatech SA; (c) RAP868XL 014 Perio 
Set Kit, Intensiv; (d) 01873 SH0244 
Arkansas Bur Polisher, SHOFU

(a)

(c) (d)

(b)

http://ClinicalTrials.gov
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harvested from the lateral portion of the palate and subsequently 
sutured to the connective tissue bed (Figure 3). Cross- mattress su-
tures were used to adapt the palatal/lingual flap margin and graft/
collagen matrix margin to the implant neck as tightly as possible. In 
the cases in which the implant prostheses were removed prior to the 
surgical intervention, they were reseated either immediately upon 
completion of the surgery or upon sutures removal.

In both treatment groups, analgesics/anti- inflammatory med-
ication was prescribed (dexketoprofen 25 mg) and recommended 
their intake in case of pain and/or discomfort. No systemic antibi-
otics were provided. The sutures were removed at 2 weeks after 
the surgery, and during this period, patients were instructed to rinse 
with a 0.12% chlorhexidine and 0.05% cetylpyridinium chloride oral 
mouthwash (Perio- Aid®; Dentaid). Patients were also advised not 
to toothbrush the surgical site for 4 weeks, and during this period, 
in addition to chemical plaque control, professional supragingival 
plaque removal was performed at 2 and 4 weeks follow- up visits.

Patients were evaluated at follow- up visits, 2, 4, 12, 26, and 
52 weeks after the surgical intervention. All patients were enrolled 
on a maintenance care program including professional plaque re-
moval and continuous monitoring of clinical and radiographic vari-
ables every 4 months.

2.4  |  Randomization and masking

Randomization was performed using a Microsoft Excel®- generated ran-
domization list, with the treatment allocation contained in sealed enve-
lopes that were prepared by a research assistant not involved as clinician 

or examiner. Both the patient and the clinician performing the surgical in-
tervention were masked to the group allocation until the randomization 
envelope was opened intra- surgically. The examiners (E.R., B.V.) were 
masked to the group allocation at all follow- up visits, and the patients 
were asked not to reveal their treatment assignment to the examiners.

2.5  |  Clinical outcomes

Two main outcome measurements were assessed in this clinical trial, 
the amount of probing pocket depth reduction (in millimeters) to 
evaluate the efficacy of the peri- implantitis treatment and the width 
of keratinized tissue augmentation (in millimeters) to assess the ef-
ficacy of the soft tissue augmentation procedure.

Peri- implant pocket depth (PD) was measured from the peri- 
implant mucosa margin to the bottom of the peri- implant sulcus at 
6 sites per implant, in all the implants included in the surgical pro-
cedures. The width of keratinized mucosa (KM) was measured from 
the free mucosal margin to the mucogingival junction at the mid- 
buccal site of each implant. These clinical outcomes were evaluated 
at baseline (before the surgical intervention) and at 26 and 52 weeks 
after the surgical intervention by two calibrated examiners using a 
15- mm manual University North Carolina (UNC) periodontal probe 
(Hu- Friedy). Distances were measured to the nearest millimeter (mm).

Furthermore, the following clinical parameters were evaluated 
as secondary outcomes:

• Plaque index (PlI) of the implants, registered dichotomously in six 
sites per implant.

F I G U R E  2  Surgical intervention in the test (CM) group. (a) Baseline situation; (b) a combination of a full thickness flap (at the level of the 
affected implant surface) and a partial thickness flap (apically from the affected implant surface) was prepared, followed by decontamination 
of the implant surface, implantoplasty of the exposed rough surface and suturing of the partial thickness flap in the apical position; (c) 
collagen matrix sutured to periosteum on top of the recipient bed; (d) healing at 2 weeks; (e) healing at 6 months; (f) healing at 12 months

(a) (b) (c)

(d) (e) (f)
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• Bleeding on probing (BOP) on implants, registered dichotomously 
in six sites per implant.

• Mucosal recession, measured from the restorative margin to the 
mucosal margin in six sites per implant.

• Vestibulum depth (VD), measured from the coronal margin of the 
peri- implant mucosa to the greatest concavity of the vestibular 
fold in the mid- buccal aspect, with the help of a lip retractor span-
dex for intraoral photography (Halperin- Sternfeld et al., 2016).

• Peri- implant disease resolution, defined as absence of deep pock-
ets with BOP and suppuration and peri- implant bone stability 
(Sanz, et al., 2012).

• Surgical time assessed by an electronic timer in minutes, starting 
from the moment of the first incision and ending with the last 
suture.

Clinical parameters were recorded by one blinded and calibrated 
investigator in each center (BV in Madrid and ER in Bilbao). Prior to 
study initiation, an investigator meeting was performed to obtain ac-
ceptable intra-  and inter- examiner reproducibility for probing depth 
and keratinized tissue augmentation. Both investigators reached the 
target of a standard deviation lower than 0.5 mm for both outcome 
variables.

2.6  |  Radiographic outcomes

Intraoral standardized radiographs of the implants included in the 
surgical procedure were taken at baseline and at 12 months post-
operatively. A photostimulable phosphor system with a parallel 

long- cone technique and a Rinn® system was used to obtain digitized 
periapical radiographs, which were measured by a single masked, in-
dependent, and calibrated examiner (BV) with specific training. In 
these digitized images, once calibrated using the known dimensions 
of the intraoral radiographic sensor (Vignoletti et al., 2019), the fol-
lowing measurements were performed at baseline and at 12 months 
follow- up visit using an image software program (Autocad 2021; 
Autodesk):

• Marginal bone level (MBL)— distance from the shoulder of the im-
plant to the bone crest in mm (mesial and distal);

• Intrabony defect (ID)— distance from crestal bone edge to the 
bone crest in mm (mesial and distal);

• Defect width (DW)— distance from the crestal bone edge to the 
surface of the implant in mm (mesial and distal);

• Defect angle (DA)— radiographic angle of the defect in degrees 
(mesial and distal).

Mesial and distal data were averaged to obtain one measurement 
by implant. An intra- examiner calibration was carried out for mar-
ginal bone levels (ICC = 0.99).

2.7  |  Patient- reported outcome measures

A questionnaire was designed to evaluate the patient perception 
of their assigned peri- implantitis treatment. This questionnaire in-
cluded 11 questions and statements, and the patients were asked to 
mark a response using a visual analogue scale (VAS) with markings 

F I G U R E  3  Surgical intervention in the control (FGG) group. (a) Baseline situation; (b) a combination of a full thickness flap (at the 
level of the affected implant surface) and a partial thickness flap (apically from the affected implant surface) was prepared, followed by 
decontamination of the implants surface, implantoplasty of the exposed rough surface and suturing of the partial thickness flap in the 
apical position; (c) FGG was sutured to periosteum on top of the recipient bed; (d) healing at 2 weeks; (e) healing at 6 months; (f) healing at 
12 months

(a) (b) (c)

(d) (e) (f)
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from 0 to 10, which corresponded to 0– 100 markings at the exam-
iner's side of the scale. All questionnaires were handed out and filled 
privately before collecting the clinical data.

During the postoperative healing period, the patients were asked 
questions aimed at assessing their pain perception during and after 
the assigned surgical procedure, their satisfaction with the assigned 
surgical treatment, and the general satisfaction with the outcome of 
peri- implantitis treatment. The patients were also asked to report on 
the use of analgesic and anti- inflammatory medication postopera-
tively and to report on the possible limitations of daily activities they 
encountered during the postoperative period.

2.8  |  Data analysis

Sample size calculation was based on detecting a mean difference be-
tween groups of 1.0 mm in the width of KM, with an estimated standard 
deviation (SD) of 0.9 mm (Sanz et al., 2009). To detect statistically sig-
nificant differences (α = .05) with 90% power, a minimum of 23 subjects 
per group were needed, including an expected dropout rate of 25%.

Data were reported as mean and SD unless otherwise speci-
fied (e.g., n [%]). Shapiro– Wilk goodness- of- fit test and histograms 
were used to determine the normal distribution of the quantitative 
variables. Non- normally distributed variables were additionally pre-
sented as medians and interquartile range (IQR). The patient was 
the unit of analysis. In the case a patient presented more than one 
implant meeting the inclusion criteria, all the implants were treated, 

but only one was selected for the analysis (the one presenting the 
deepest PPD at baseline). All analyses were performed using the 
intention- to- treat population and the last observation carried for-
ward approach (LOCF) for missing values. Analyses were repeated 
for all primary and secondary outcomes using post hoc missing value 
analyses. In addition, per- protocol analyses were conducted for all 
outcomes; the estimates derived from these analyses were reported 
for the primary outcome (KM width) and any secondary or post hoc 
outcomes if they differed from estimates obtained in the intention- 
to- treat population. The primary and secondary outcomes were 
modeled using multi- level linear regression with the mixed command 
in STATA version 14.2 (StataCorp College Station). The models in-
cluded the respective baseline measurement, treatment group (CTG 
or CM), study visit (i.e., baseline, 6, and 12 months), a treatment– 
time interaction term, and the center effect as explanatory variables 
(covariates). Differences between study groups for primary and sec-
ondary outcomes at all study follow- up visits (6 and 12 months) were 
adjusted for the respective baseline values, whereas the absolute 
values for each treatment group at a given time point were not.

3  |  RESULTS

Between February 2017 and May 2019, a total of 58 subjects with 
72 implants were screened to determine their eligibility for partici-
pation in the study. From this population screened, three subjects 
did not meet the inclusion criteria and 6 declined to participate. 

F I G U R E  4  CONSORT flow diagram of the study
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Forty- nine subjects were randomized and received the allocated in-
tervention, 23 (47%) in the test group and 26 (53%) in the control 
group. Two subjects were lost to follow- up— one in the test and one 
in the control group (flow chart depicted in Figure 4).

The characteristics of this study population are depicted in 
Table 1. There were no statistically significant differences between 
groups in any of the variables assessed at baseline. The mean pa-
tient's age was 65.86 years (SD 7.4). Thirty- five subjects (71.4%) 
were non- smokers, and the remaining 14 (28.6%) were smokers of 
less than 10 cig/day. Twenty- eight subjects (57.1%) were systemi-
cally healthy, and the remaining 21 (42.9%) reported various systemic 
diseases, being the most frequent arterial hypertension (n = 15) and 
controlled type II diabetes mellitus (n = 2). In 22 patients (44.9%), the 
affected implants were located in the maxilla, while in 27 patients 
(55.1%) were in the mandible.

3.1  |  Treatment of peri- implantitis

The mean clinical parameters at baseline are depicted in Table 1. At 
baseline, there were no statistically significant differences between 
study groups for any of the peri- implant clinical parameters. At 
6 months, statistically significant changes were observed for most 

of the clinical parameters in comparison with the baseline measure-
ments (Table 2).

The main clinical variable assessing peri- implantitis treatment 
outcomes (probing pocket depth reduction) resulted in similar re-
duction of 1.6 mm in both test and control groups. Plaque indices 
(implant) were significantly reduced by 47.3% in the CM group and 
by 39% in the control group, without significant differences between 
groups (p = .472). BOP Scores reduced by 37.9% (95% CI [−91.7; 20]) 
in the CM and by 53.3% (95% CI [−100.0; 0.0]) in the FGG group. 
However, this difference was not statistically significant.

At 12 months, statistically significant changes were observed for 
all parameters in both study groups when compared with the base-
line data, with the exception of mucosal recession. The PPD reduc-
tion was similar in CM (1.6 mm, 95% CI [−3.7; −0.2]) and FGG groups 
(1.7 mm, 95% CI [−3.0; 0.3]). In 44 out of the 47 subjects (93.6%), 
the PD at the 12- month examination was ≤5 mm (% in the test and 
control groups, respectively).

Radiographically, at 12 months, there was no difference between 
the groups in terms of the changes of marginal bone level, intrabony 
defect depth, and defect angle (Table 3). The increase in the defect 
width was more pronounced (by 0.3 mm) in the FGG group, in com-
parison with CM group, but this difference did not reach the statis-
tical significance (p = .079). In total, 6 out of 22 subjects (27%) in the 

TA B L E  1  Baseline characteristics of the intention- to- treat (ITT) population

Variablea Total CM group FGG group

Age (years) 65.96 (7.4) 64.96 (8.6) 66.85 (6.2)

Sex

Male (n, %) 14 (28.6%) 9 (39.1%) 5 (19.2%)

Female (n, %) 35 (71.4%) 14 (60.9%) 21 (80.8%)

Smoking habit

Non- smokers (n, %) 35 (71.4%) 15 (65.2%) 20 (76.9%)

Smokers <10 cig/day (n, %) 14 (28.6%) 8 (34.8%) 6 (23.1%)

Plaque Index (implant) (%) 78.1 (32.0)
100.0 (66.7– 100.0)

68.5 (36.4)
91.7 (33.3– 100.0)

86.6 (25.3)
100.0 (79.3– 100.0)

Probing Pocket Depth (mm) 5.53 (1.1)
5.33 (4.7– 5.9)

5.6 (1.1)
5.3 (4.8– 5.8)

5.4 (1.0)
5.5 (4.6– 6.0)

Recession (mm) 1.0 (0.9)
0.75 (0.17– 1.5)

1.1 (1.0)
1.0 (0.25– 1.5)

0.9 (0.9)
0.7 (0.0– 1.6)

Bleeding on probing (%) 91.8 (17.7)
100.0 (100.0– 100.0)

89.8 (19.3)
100.0 (83.3– 100.0)

93.6 (16.4)
100.0 (100.0– 100.0)

Keratinized mucosa (mm) 0.6 (0.6)
0.5 (0.0– 1.0)

0.4 (0.5)
0.0 (0.0– 1.0)

0.7 (0.6)
1.0 (0.0– 1.0)

Vestibulum depth (mm) 3.1 (1.9)
3.0 (2.0– 4.0)

3.6 (2.2)
3.0 (2.0– 4.0)

2.8 (1.5)
3.0 (2.0– 4.0)

Implant location in the arch

Maxilla (n, %) 22 (44.9%) 12 (52.2%) 10 (38.5%)

Mandible (n, %) 27 (55.1%) 11 (47.8%) 16 (61.5%)

Surgery time (min) 88.6 (73.3)
49.0 (38.0– 140.0)

92.2 (70.3)
52.0 (32.0– 145.0)

85.5 (77.1)
40.0 (40.0– 108.9)

Abbreviations: CM, collagen matrix; FGG, free gingival graft.
aData are mean (standard deviation [SD]), n (%), or median (interquartile range [IQR]).
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CM group and 2 out of 25 subjects (8%) in the FGG group experi-
enced a bone loss of ≥0.5 mm, but this difference was not statistically 
significant.

Peri- implant disease resolution was only attained in 9 out of 47 
(19.1%) subjects (13.6% and 24.0% in test and control groups, re-
spectively) (Table 4), due to presence of at least one BOP site. When 
the criteria of disease resolution were changed to PD ≤5 mm and 
maximum of one site with BOP+, 34% of the patients were disease 
free, and when the criteria were changed to minimum two sites with 

BOP, the patient's percentage further increased to 51.1%, without 
significant differences between treatment groups (45.5% in the CM 
group and 56.0% in the FGG group; p = .564).

3.2  |  Augmentation of keratinized mucosa

Figure 5 shows the spaghetti plot of changes of keratinized mucosa 
width throughout the study period. At 6 months, the width of keratinized 

TA B L E  2  Clinical variables 6 and 12 months after surgery, by study group

Variable

6 months (6 M) 12 months (12 M)

Mean (SD) Δ6 M (95% CI) p Value Mean (SD) Δ12 M (95% CI) p Value

Plaque index (implant; %)

CM group 31.1 (27.8) −39.0 (−100; 20) .759 28.8 (29.2) −41.3 (−100; 50) .186

FGG group 40.0 (37.2) −47.3 (−100; 20) 43.5 (36.8) −43.9 (−100; 20)

Probing pocket depth (mm)

CM group 4.0 (0.8) −1.6 (−3.7; 0.5) .672 4.0 (0.7) −1.6 (−3.7; −0.2) .268

FGG group 3.8 (1.0) −1.6 (−2.8; 0.2)) 3.7 (0.9) −1.7 (−3.0; 0.3)

Recession (mm)

CM group 1.2 (1.1) 0.2 (−1.0; 0.9) .871 1.5 (1.2) 0.4 (−1.2; 2.0) .359

FGG group 1.1 (1.2) 0.1 (−1.0; 1.5) 1.1 (1.3) 0.1 (−1.3; 1.7)

Bleeding on probing (%)

CM group 52.3 (30.7) −37.9 (−91.7; 20) .211 47.7 (35.1) −42.4 (−100; 20) .469

FGG group 40.0 (34.3) −53.3 (−100; 0.0) 38.8 (38.7) −54.5 (−100; 0.0)

Keratinized mucosa (mm)

CM group 2.0 (0.9) 1.6 (0.0; 3.0) .135 2.0 (1.2) 1.6 (0.0; 3.0) .011

FGG group 2.8 (1.6) 2.0 (0.0; 5.0) 3.2 (1.6) 2.5 (0.8; 5.0)

Vestibulum depth (mm)

CM group 4.6 (2.3) 1.0 (−3.0; 4.0) .070 5.0 (2.5) 1.4 (−4.0; 6.0) .645

FGG 5.5 (2.4) 2.8 (−2.0; 8.0) 5.0 (2.9) 2.3 (−2.0; 7.0)

Abbreviations: BL, baseline; CM, collagen matrix; FGG, free gingival graft; SD, standard deviation.

Variable

Baseline (BL) 12 Months (12 M)

Mean (SD) p value Mean (SD) Δ12 M (95% CI) p value

Marginal Bone level (mm)

CM group 4.2 (2.0) .864 4.3 (1.7) 0.1 (−1.4; 1.7) .074

FGG group 4.1 (2.2) 3.6 (2.3) 0.5 (−0.7; 1.9)

Intrabony defect (mm)

CM group 2.5 (1.3) .956 1.9 (1.3) 0.5 (−0.9; 1.7) .229

FGG group 2.5 (1.1) 1.7 (0.9) 0.8 (−0.3; 2.5)

Defect width (mm)

CM group 1.7 (1.2) .434 1.5 (1.4) 0.1 (−0.6; 1.1) .079

FGG group 1.4 (1.0) 1.0 (1.0) 0.4 (−0.3; 1.5)

Defect angle (°)

CM group 38.8 (18.2) .680 32.7 (23.9) 5.8 (−7.5; 37.0) .916

FGG group 36.6 (17.8) 30.5 (19.0) 5.0 (−20.5; 38.0)

Abbreviations: BL, baseline; CM, collagen matrix; FGG, free gingival graft; SD, standard deviation.

TA B L E  3  Radiographic outcomes at 
baseline (BL) and 12 months (12 M) after 
surgery, by study group
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mucosa increased by 1.6 mm (95% CI [0.0; 3.0]) in the CM group and by 
2.0 mm (95% CI [0.0; 5.0]) in the FGG group, without statistically signifi-
cant differences between the groups (Table 2). Conversely, a significant 
increase in VD was observed in the FGG group (2.8 mm, 95% CI [−2.0; 
8.0]), but not in the CM group (1.0 mm, 95% CI [−3.0; 4.0]). Minor in-
crease in mucosal recession was observed in both groups (0.2 mm, 95% 
CI [−1.0; 0.9] in CM group and 0.1 mm, 95% CI [−1.0; 1.5] in FGG group), 
without significant differences between the groups.

At 12 months, a significantly higher increase in width of KM 
occurred in the control compared with the test treatment group 
(2.5 mm, 95% CI [0.8; 5.0] for the FGG group vs.1.6 mm, 95% CI [0.0; 
3.0] for the CM group, p = .011). VD increase was also more pro-
nounced in the FGG group (2.3 mm, 95% CI [−2.0; 7.0]), when com-
pared to the CM group (1.4 mm, 95% CI [−4.0; 6.0]), although these 
differences were not statistically significant. VD increase was cor-
related with the KM gain (r = .429, p = .003). Mucosal margin reces-
sion increased between baseline and 12 M both in the CM (0.4 mm, 

95% CI [−1.2; 2.0]) and FGG groups (0.1 mm, 95% CI [−1.3; 1.7]), al-
though this difference was not statistically significant (p = .359).

3.3  |  PROMs, analgesics consumption, and 
surgical time

The patient's perceptions of the respective surgical interventions 
are depicted in Table 5. Immediately after the surgical intervention, 
there were no differences in the perceived pain or in the perceived 
difficulty of surgery. However, the use of a FGG graft was perceived 
as more painful at the 2 and 4 weeks follow- up visits. Similarly, this 
surgical procedure was also perceived as significantly more difficult 
by the patients at the 12 weeks follow- up visit. No difference was 
detected between groups in terms of the general satisfaction with 
the surgical procedure or with the need of analgesic consumption. 
Apart from general discomfort, post- surgical pain, and swelling, no 
adverse events were observed. The duration of surgical intervention 
was 89.8 min (SD 71.0) in the test group and 87.0 min (SD 78.3) in the 
control group, being this difference not significant.

4  |  DISCUSSION

This dual- center randomized controlled clinical trial evaluated the 
efficacy of resective surgical treatment of peri- implantitis com-
bined with keratinized mucosa augmentation using two treatment 
modalities. This treatment protocol resulted in significant improve-
ments of all peri- implant parameters. Probing pocket depths, usu-
ally one of the main outcome measures to evaluate the efficacy of 
peri- implantitis treatment, changed from 5.6 mm to 4.0 mm in the 
CM group and from 5.5 to 3.7 mm in the FGG group, respectively, 
thus resulting at 12 months post- surgery in mean PPD reductions 

F I G U R E  5  Spaghetti plot showing changes of keratinized 
mucosa in free gingival graft (FGG) and collagen matrix (CM) 
throughout the study period
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FGG group
CM Group

Disease resolution 
criteria

6 months 12 months

Mean (SD) p Value Mean (SD) p Value

PD ≤ 5 mm, no bleeding on probing, no further bone loss >0.5 mma

CM group 2/22 (9.1%) .295 3/22 (13.6%) .470

FGG group 5/25 (20%) 6/25 (24.0%)

Total 7/47 (14.9%) 9/47 (19.1%)

PD ≤ 5 mm, no more than one site with BOP+, no further bone loss >0.5 mma

CM group 4/22 (18.2%) .207 6/22 (27.3%) .538

FGG group 9/25 (36%) 10/25 (40.0%)

13/47 (27.7%) 16/47 (34.0%)

PD ≤ 5 mm, no more than two sites with BOP+, no further bone loss >0.5 mma

CM group 8/22 (36.4%) .381 10/22 (45.5%) .564

FGG group 13/25 (52%) 14/25 (56.0%)

21/47 (44.7%) 24/47 (51.1%)

Abbreviations: BOP, bleeding on probing; CM, collagen matrix; FGG, free gingival graft; PD, 
probing depth; SD, standard deviation.
aCriteria “no further bone loss >0.5 mm” refers to 12 months follow- up visit only.

TA B L E  4  Disease resolution at 6 and 
12 months, by study group, using various 
disease resolution criteria
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of 1.7 mm and 1.6 mm, in CM and FGG groups, respectively. These 
results are similar to those reported by Hallstrom et al. (2017) after 
open flap debridement surgery. Studies reporting the performance 
of peri- implantitis treatment by resective surgery with implanto-
plasty have, however, reported higher reductions in PPD, such as 
2.4 mm (Romeo et al., 2005) or even up to 4.0 mm (Lasserre et al., 
2020). These differences may be attributed to deeper PPDs at base-
line in the latter study— 6.72 mm vs. 5.6 mm in the present study. At 
12 months, a localized bleeding on probing on affected implants was 
42.4% in the CM group and 54.5% in the FGG group, also a higher 
percentage if compared to Lasserre et al. (2020), who reported a 
localized BOP of 33.3% after resective treatment with implanto-
plasty. Our results are more in agreement with the results of Carcuac 
et al. (2016), who showed a BOP of 41.9% at 1 year after open flap 
debridement.

In the current study, radiographic analysis demonstrated a mean 
bone gain of 0.5 mm in the FGG group, but no significant changes for 
the CM group. This is in agreement with the recently published study 
by Lasserre et al. (2020), which reported a bone gain of 0.3 mm and 
0.5 after surgical treatment of peri- implantitis using implantoplasty 
and glycine air abrasion, respectively. Similarly, a bone gain of 0.4 mm 
was reported after access flap surgery in a study by Hallstrom et al. 
(2017). However, in 13% of the subjects of this treated population, 
there was bone loss of ≥0.5 mm, which is a similar outcome after 
periodontitis surgical treatment as reported by Carcuac et al. (2016). 
Also, similar percentages (8%) were reported by Heitz- Mayfield et al. 
(2012) using access flap surgery.

The outcomes of peri- implantitis surgical therapy may not be 
adequately assessed only by reporting independent changes in 
the clinical and radiographic outcome variables (Carcuac et al., 

TA B L E  5  Patient- related outcome measures (PROMs) at the different examination periods

Variable

Immediately post- surgery
2 weeks
follow- up

4 weeks
follow- up

12 weeks
follow- up

6 months
follow- up

12 months
follow- up

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value Mean (SD)

Intergroup 
difference (95% CI) p Value

Mean 
(SD)

Intergroup 
difference (95% CI) p Value Mean (SD)

Intergroup 
difference (95% CI) p Value

Pain perception during the surgery (VAS)

CM group 19.0
(20.8)

14.8 (−2.8; 32.4) .096 23.6
(24.2)

23.0 (5.1; 40.8) .015* 18.6
(20.3)

21.4 (3.2; 39.7) .022* NR NR NR

FGG group 33.8
(37.4)

46.6
(35.9)

40.0
(36.9)

NR NR NR

Perception of difficulty of surgery (VAS)

CM group 35.1
(32.0)

18.8 (−2.7; 40.3) .09 25.5
(30.2)

28.8 (8.3; 49.2) .008* 22.3
(28.1)

30.1 (10.1; 50.0) .004* 22.2
(23.3)

18.8 (0.3; 37.3) .05* NR NR

FGG group 53.9
(41.1)

54.2
(39.3)

52.4
(37.7)

41.0
(37.6)

NR NR

Patient preference for alternate approach (VAS)

CM group 32.1
(31.3)

14.1 (−6.3; 34.4) .173 27.5
(33.8)

13.5 (−7.6; 34.6) .207 39.6
(41.7)

−7.6 (−31.5; 16.2) .525 40.5
(40.6)

−6.5 (−29.6; 16.7) .575 NR NR

FGG group 46.1
(37.1)

41.0
(38.0)

32.0
(34.7)

34.0
(37.9)

NR NR

General satisfaction with the treatment (VAS)

CM group 78.8
(29.3)

7.7 (−7.8; 23.1) .305 76.8
(31.7)

7.1 (−8.6; 22.7) .349 76.6
(34.0)

−3.5 (−23.4; 16.3) .720 82.1
(27.2)

−6.2 (−22.4; 9.9) .442 84.8
(24.7)

−9.2 (−25.0; 6.7) .256 88.0
(18.7)

−3.6 (−14.6; 7.5) .521

FGG group 86.5
(20.6)

83.9
(18.5)

73.0
(32.0)

75.8
(27.9)

75.6
(29.3)

84.4
(24.7)

Analgesics consumption (days)

CM group 2.3
(2.3)

1.4 (−0.3; 3.0) .110 0.0
(0.0)

1.7 (−0.8; 4.2) .182 NR NR NR NR

FGG group 3.6
(3.3)

1.70
(5.9)

NR NR NR NR

Correspondence of surgery perception to expectations (VAS)

CM group 67.1
(35.1)

−0.1 (−20.8; 20.6) .993 68.6
(33.2)
63.0
(32.2)

−5.6 (−24.9; 13.6) .558 59.3
(39.2)

4.8 (−16.5; 26.2) .649 68.9
(34.9)

−5.6 (−24.8; 13.6) .556 73.4
(33.9)

−14.2 (−35.5; 7.1) .189 79.8
(27.2)

−9.0 (−26.3; 8.4) .308

FGG group 67.0
(35.1)

64.1
(30.1)

63.3
(29.6)

59.2
(38.6)

70.8
(31.9)

Abbreviations: CM, collagen matrix; FGG, free gingival graft; NR, not registered; SD, standard deviation; VAS, visual analogue scale.
p Values.
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2016; Roccuzzo et al., 2017; Sanz et al., 2012) and the use of 
composite outcomes based in the assessment of the disease 
resolution have been recommended (Sanz et al., 2012). Heitz- 
Mayfield, Aaboe, et al. (2018) recommended to report peri- 
implantitis treatment success as the maintenance of stable 
peri- implant bone levels, absence of probing depth >5 mm, and 
no bleeding or suppuration on probing. In the present study, the 
percentage of disease resolution was rather low in both CM and 
FGG groups (13.6% and 24%, respectively), what is in agreement 
with other clinical studies (Carcuac et al., 2016; Hallstrom et al., 
2017; Lasserre et al., 2020). These low percentages may be ex-
plained by the need of attaining complete absence of bleeding on 
probing in these disease resolution criteria. In fact, when this cri-
teria were changed to presence of maximum two bleeding sites, 
the disease resolution increased to 51.1%, what may indicate the 

need to modify this composite outcome, still reflecting the ar-
resting of the disease progression, but using an assessment of 
peri- implant tissue inflammation that is more relevant for the 
clinical practice (Heitz- Mayfield, Aaboe, et al., 2018).

In this randomized clinical trial, two soft tissue augmentation in-
terventions were tested in combination with the resective treatment 
of peri- implantitis to assess both the outcome of the peri- implantitis 
therapy and the increase in keratinized tissue width. The perfor-
mance of similar approach has been recently reported in a prospec-
tive case series combining apically positioned flaps and free gingival 
flaps (Monje et al., 2020) resulting in complete disease resolution in 
78.6% of the patients and 87.1% of the peri- implantitis implants. In 
this clinical trial, we have compared autologous free gingival grafts, 
considered as the gold standard for peri- implant soft tissue augmen-
tation, and a xenogeneic collagen matrix of porcine origin, which has 

TA B L E  5  Patient- related outcome measures (PROMs) at the different examination periods

Variable

Immediately post- surgery
2 weeks
follow- up

4 weeks
follow- up

12 weeks
follow- up

6 months
follow- up

12 months
follow- up

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value

Mean 
(SD)

Intergroup 
difference 
(95% CI) p Value Mean (SD)

Intergroup 
difference (95% CI) p Value

Mean 
(SD)

Intergroup 
difference (95% CI) p Value Mean (SD)

Intergroup 
difference (95% CI) p Value

Pain perception during the surgery (VAS)

CM group 19.0
(20.8)

14.8 (−2.8; 32.4) .096 23.6
(24.2)

23.0 (5.1; 40.8) .015* 18.6
(20.3)

21.4 (3.2; 39.7) .022* NR NR NR

FGG group 33.8
(37.4)

46.6
(35.9)

40.0
(36.9)

NR NR NR

Perception of difficulty of surgery (VAS)

CM group 35.1
(32.0)

18.8 (−2.7; 40.3) .09 25.5
(30.2)

28.8 (8.3; 49.2) .008* 22.3
(28.1)

30.1 (10.1; 50.0) .004* 22.2
(23.3)

18.8 (0.3; 37.3) .05* NR NR

FGG group 53.9
(41.1)

54.2
(39.3)

52.4
(37.7)

41.0
(37.6)

NR NR

Patient preference for alternate approach (VAS)

CM group 32.1
(31.3)

14.1 (−6.3; 34.4) .173 27.5
(33.8)

13.5 (−7.6; 34.6) .207 39.6
(41.7)

−7.6 (−31.5; 16.2) .525 40.5
(40.6)

−6.5 (−29.6; 16.7) .575 NR NR

FGG group 46.1
(37.1)

41.0
(38.0)

32.0
(34.7)

34.0
(37.9)

NR NR

General satisfaction with the treatment (VAS)

CM group 78.8
(29.3)

7.7 (−7.8; 23.1) .305 76.8
(31.7)

7.1 (−8.6; 22.7) .349 76.6
(34.0)

−3.5 (−23.4; 16.3) .720 82.1
(27.2)

−6.2 (−22.4; 9.9) .442 84.8
(24.7)

−9.2 (−25.0; 6.7) .256 88.0
(18.7)

−3.6 (−14.6; 7.5) .521

FGG group 86.5
(20.6)

83.9
(18.5)

73.0
(32.0)

75.8
(27.9)

75.6
(29.3)

84.4
(24.7)

Analgesics consumption (days)

CM group 2.3
(2.3)

1.4 (−0.3; 3.0) .110 0.0
(0.0)

1.7 (−0.8; 4.2) .182 NR NR NR NR

FGG group 3.6
(3.3)

1.70
(5.9)

NR NR NR NR

Correspondence of surgery perception to expectations (VAS)

CM group 67.1
(35.1)

−0.1 (−20.8; 20.6) .993 68.6
(33.2)
63.0
(32.2)

−5.6 (−24.9; 13.6) .558 59.3
(39.2)

4.8 (−16.5; 26.2) .649 68.9
(34.9)

−5.6 (−24.8; 13.6) .556 73.4
(33.9)

−14.2 (−35.5; 7.1) .189 79.8
(27.2)

−9.0 (−26.3; 8.4) .308

FGG group 67.0
(35.1)

64.1
(30.1)

63.3
(29.6)

59.2
(38.6)

70.8
(31.9)

Abbreviations: CM, collagen matrix; FGG, free gingival graft; NR, not registered; SD, standard deviation; VAS, visual analogue scale.
p Values.
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shown efficacy in the augmentation of keratinized tissues around 
teeth and implants (Jung et al., 2011; Lorenzo et al., 2012; Sanz et al., 
2009; Thoma et al., 2012). At 6 M post- surgery, a significant increase 
in KM was attained in both treatment groups, but at 12 months the 
FGG group demonstrated significantly higher gains of KM. These 
results agree with previous clinical trials showing no significant 
differences between autologous vs. xenogeneic grafts at 6 months 
(Lorenzo et al., 2012; Sanz et al., 2009). The degree of KM gain in the 
FGG group reported at 12 M is also in agreement with the 2.57 mm 
increase after the use of FGG reported by (Basegmez et al., 2013). 
In this study, the control group acellular dermal matrix allograft also 
reported inferior outcomes (1.58 increase in KM) similar to what has 
been described in this clinical trial. Other authors (Oh et al., 2017) 
have also reported a similar degree (3.0 mm) of KM gain as a result 
of using FGG.

Another aspect of soft tissue augmentation, that may influence 
the efficacy of peri- implantitis treatment, is the increase in the VD 
(Monje & Blasi, 2019). In a retrospective 6- year longitudinal study, 
Halperin- Sternfeld et al. (2016) showed that inadequate (≤4 mm) 
VD around dental implants may be associated with more plaque 
accumulation leading to increased peri- implant bone loss and mu-
cosal recession. This study also demonstrated increase of the VD in 
both study groups, which corroborated the results of Lorenzo et al. 
(2012). However, at 12 months, this gain was more pronounced in 
the FGG group, in comparison with CM group, although this differ-
ence was not statistically significant.

With respect to the soft tissue dimensional changes, most of 
the studies report significant reduction of soft tissue margin, that 
is, recession, after various approaches of peri- implantitis treatment. 
Our results showed a recession of 0.4 mm in the CM group, but no 
significant change of the mucosal margin in the FGG group. This is 
in contrast with the data of Romeo et al. (2005) and Lasserre et al. 
(2020), where a mean recession of 1.75 mm and 0.75 mm, respec-
tively, occurred after resective surgery with implantoplasty, and in 
the Heitz- Mayfield et al. (2012) study that reported a recession of 
1 mm after access flap surgery. This study corroborates the results 
of Schwarz et al. (2014), who showed only minor decrease of soft 
tissue level, when combining the surgical therapy with soft tissue 
volume augmentation.

Different authors have postulated that the use of soft tissue sub-
stitutes could be recommended for soft tissue augmentation in spite 
of the inferior outcomes when compared to autologous grafting 
based on their lesser patient's morbidity (Sanz et al., 2009; Tonetti 
et al., 2018). In this study, a collagen matrix of porcine origin was 
used as a substitute of free gingival graft, and the patients who re-
ceived this soft tissue substitute perceived the surgical intervention 
as less painful and less difficult, when compared to the autogenous 
grafting. Similar outcomes have been reported in other studies using 
soft tissue graft substitutes (Sanz et al., 2009; Tonetti et al., 2018), 
with a tendency to higher analgesics consumption in the autolo-
gous grafting group (Lorenzo et al., 2012; Thoma et al., 2016). In this 
study, however, and in contrast with other studies, the use of soft 

tissue substitutes did not reduce the surgical time (Sanz et al., 2009; 
Tonetti et al., 2018). This difference may be attributed to the overall 
long duration and complexity of this complex peri- implantitis sur-
gical approach, where graft harvesting per se occupies a relatively 
small amount of time.

This clinical trial has relevant limitations since it was performed 
in two centers with difference settings— post- graduate clinic and 
private practice, which may yield different results due to the differ-
ence in operator experience. Also, we did not study the influence of 
the implant surface on the outcomes of peri- implantitis treatment, 
which may be an important factor for the success of the interven-
tion and disease recurrence in the long term (Carcuac et al., 2016, 
2020). The relatively short follow- up (12 months) of the present in-
vestigation may be not enough for the evaluation of the long- term 
maintenance of the KM gain. Another possible limitation is that we 
only analyzed the width of KM, and not its thickness, which is also 
considered an important parameter for the maintenance of peri- 
implant health (Galarraga- Vinueza et al., 2020; Linkevicius et al., 
2015; Thoma et al., 2018).

Within the limitations of this study, we can conclude that the 
suggested treatment modality, combining resective surgery and 
keratinized mucosa augmentation, resulted in improvement of all 
clinical parameters of peri- implant tissues one year postoperatively; 
however, completed disease resolution was attained in a small 
number of subjects. Both free gingival grafts and xenogeneic colla-
gen matrixes resulted in similar results in terms of improvement of 
clinical parameters, with the exception of keratinized mucosa gain, 
which was more pronounced in patients where autologous grafts 
were used. However, the use of soft tissue substitutes resulted in 
improved patient- related outcomes.

There is a need of further clinical trials with higher sample sizes 
and longer follow- up to adequately understand the critical factors 
influencing the outcomes of peri- implantitis therapies.
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