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Abstract

Objective The study aims to investigate the effect of reduced keratinized mucosa (KM) and other risk indicators on the severity of
peri-implant mucositis in (i) the general population, (ii) in periodontally healthy patients, and (iii) in periodontally healthy
patients without a history of periodontitis.

Materials and methods Anamnesis and the following clinical parameters were taken: mucosal-index, bleeding on probing, local
plaque index, oral hygiene-index, and width of KM. Mucositis severity score was determined for each implant. Multi-level and
subgroup analysis was performed on the patient and implant level.

Results Six hundred twelve implants in 130 patients were analyzed. Subgroup analysis showed significant associations between
KM <2 mm and the severity score in (ii) periodontally healthy patients (p =0.014) and in (iii) patients without history of
periodontitis (p = 0.017). Secondary outcome showed higher severity scores for patients with insufficient oral hygiene or without
residual teeth (p <0.001), in maxillary implants (p = 0.04), and for the number of implants per patient (p <0.001).

Conclusion Within the limits of the study, one may conclude that a reduced width of KM is a risk indicator for the severity of peri-
implant mucositis in periodontally healthy patients and patients without a history of periodontitis.

Clinical relevance The results indicate a band of >2 mm KM to reduce the severity of peri-implant mucositis in periodontally

healthy patients.
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Introduction

Dental implants have become a widespread implemented ther-
apy to replace missing teeth or to install fixed or partially
removable dentures, solving a number of esthetic and func-
tional problems in contemporary prosthetics and achieving
high satisfaction rates among patients [ 1-3]. However, biolog-
ical complications of the implant surrounding tissue, such as
peri-implantitis and peri-implant mucositis, are common
[3-5].

Dysbiosis of the oral microbiome seems to be the etiologic
factor initiating peri-implant disease and leading to the inflam-
matory response resulting in pocket formation due to loss of
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peri-implant bone and leading ultimately to implant loss [6, 7].
Depending on the different disease definitions, the reported
prevalence rates of peri-implantitis and peri-implant mucositis
differ among studies. A recent meta-analysis found a preva-
lence of 50% for peri-implant mucositis and 15% for peri-
implantitis [8].

Several risk indicators, such as smoking [1, 9, 10], presence
of periodontitis or history of periodontitis [5, 9, 11-13] lack of
oral hygiene [1, 11], maxillary implants [5, 14, 15] or location
at a posterior region in the jaw, male gender [4, 5], an in-
creased number of implants [16], and loading time or patient
age [9], have been reported in the literature. Moreover, a pro-
tective effect of bone or soft tissue augmentation was reported
[11]. Furthermore, an investigation with a 10-year observation
time showed statistically higher mean marginal bone loss rates
in periodontally compromised patients treated for periodonti-
tis than periodontally healthy patients [12, 13]. The
faciolingual dimension of the masticatory mucosa at the im-
plant site, depending on genetic factors and crestal bone
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resorption, is decisive for the width of KM facing the implant
surface [17]. The negative influence of a narrow width of KM
on oral hygiene behavior due to higher brushing discomfort is
often reported in the literature [18-20]. There is a general
consensus that a reduced band of KM is associated with mu-
cosal recession and consequently makes KM indispensable
for satisfying esthetic results [14, 21-25]. Though the influ-
ence of KM on peri-implant health has been controversially
discussed in the literature, the evidence remains equivocal [6].
Several studies have found a statistically significant associa-
tion between a reduced width of KM and clinical parameters
of soft tissue inflammation [4, 9, 21, 23, 26-32]. However,
other studies found no association regarding the effect of KM
on peri-implant health [9, 14, 33, 34].

Likewise, a meta-analysis found heterogenic results in the
current literature on the association between reduced
keratinized tissues and peri-implantitis and stated that further
research is necessary to elucidate this research question [8].

Interestingly, Grischke et al. found a significant relation
between a reduced width of KM and the severity of peri-
implant mucositis applying a severity score in low-risk pa-
tients without history or presence of periodontitis [35].
Unfortunately, the study did not investigate the effect in the
general population.

Consequently, the purpose of this study was to determine
the influence of KM on the severity of peri-implant mucositis
in (i) all patients, referred to as the general population includ-
ing periodontally healthy patients and patients with (history
of) periodontitis and in two subgroups of patients without (ii)
presence and (iii) history of periodontitis. Moreover, as a sec-
ondary outcome, other implant- and patient-related putative
risk indicators for severity of peri-implant mucositis are aimed
to be identified in the different groups.

Materials and methods
Study design

This investigation is a mono-centric observational cross-
sectional study conducted in 2019. The study from Grischke
et al. [35] served as a basis for planning and sample size
calculation. All procedures were approved by the ethics com-
mittee of Hannover Medical School (no. 8207 BO_S 2018).

In order to ensure the best practice quality of research, the
current study adheres to the STROBE guidelines [36] for
cross-sectional studies.

Patient sample/study population
The sample size calculation was performed based on the re-

sults of the pilot study [35]. To test our hypothesis that sup-
ports a significant relation between insufficient KM and
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increased severity of peri-implant mucositis in periodontally
healthy patients, we chose an alpha error rate of 5%. To reach
a power of 80% with an estimated effect size of 0.324, a
sample size N=36 study participants for each group was
calculated.

All patients attending maintenance care at the Department
of Prosthetic Dentistry and Biomedical Materials Science of
Hannover Medical School with at least one root-shaped dental
implant with more than 1 year of follow-up after loading were
asked to participate in the study between February and
May 2019. Inclusion criteria were at least one root-shaped
dental implant with at least 1 year of follow-up. The exclusion
criteria were patients with a history of antibiotic therapy dur-
ing the last 3 months and expecting or lactating mothers. No
further exclusion criteria were defined. Two study participants
could not be included in the study because of recent antibiotic
therapy (Fig. 1). All study participants were verbally informed
prior to study registration. Their oral and written informed
consent was given before study participation. The exclusion
criteria of the first study are described in detail by the authors
Grischke et al. [35]. Patient recruitment process and clinical

)
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—

Fig. 1 Flowchart of the patient inclusion and exclusion process. 130
patients were found eligible. Two patients were excluded during the 3-
month recruitment process due to antibiotic therapy
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assessments were performed by one calibrated examiner fol-
lowing a standardized protocol implying that all examinations
were carried out with a maximum of consistency in regard to
the case history, the order of examination procedures, probing
pressure, and visual assessment.

Clinical examination/clinical parameters

Preceding the clinical examination, detailed information was
collected regarding the implant’s observation time, position,
loading time, and previous bone augmentation. Further com-
promised immune system, alcohol or drug abuse, hyperglyce-
mia, oral and maxillofacial tumor with history of head and
neck radiation, smoking status, and allergies especially iodine
hypersensitivity were enquired. Additionally, a history of peri-
odontitis as well as age and gender was assessed.

Afterwards, the following clinical measurements were
taken:

Probing depth (PD) was measured in millimeters at six
implant sites (mesiobuccal, buccal, distobuccal, mesiolingual,
lingual, distolingual) using a graduated periodontal probe
(GY12, DEPPELER SA, Rolle, Switzerland) with an intended
force of 0.2 N.

Bleeding on probing or suppuration (BoP/Sup) occurring
within 30 s after measurement of PD was recorded.

The local plaque was evaluated by using the modified
plaque index (mPI) [37] while the general hygiene behavior
was assessed using a full-mouth plaque score approximal
space plaque index (API, approximal space plaque index)
expressed in percent [38]. In this process, all approximal
spaces showing plaque were divided by the number of
approximal spaces in both jaws.

For a deepened evaluation of the condition of peri-implant
soft-tissues and conceivably inflammation, the mucositis-
index (mGI) [39] was used.

The width of peri-implant KM was measured as the dis-
tance between the gingival margin and the muco-gingival
junction. To improve visibility of the border between the
keratinized and non-keratinized mucosa, iodine solution
(Lugolsche Losung 5%, vitalundfit GmBH, Jiichen,
Germany) was applied to the mucosa if necessary [40].

For assessing the presence of periodontitis, the Community
Periodontal Index (CPI), introduced by the American
Academy of Periodontology and the American Dental associ-
ation in 1992, was applied [41].

Data were collected following a standardized operating
procedure and saved electronically.

Definition of outcomes
KM was categorized into either sufficient or insufficient in

order to attain analogous and comparable outcomes to the
study conducted by Grischke et al. [35]. The dichotomous

division of KM was conducted as described before. Briefly,
a threshold value of <2 mm of KM was considered as insuf-
ficient and KM >2 mm as sufficient [35].

In the statistical analysis, we distinguished three different
groups: the general study population (i) including periodon-
tally healthy patients or patients with presence and/or history
of periodontitis; the first subgroup (ii) including periodontally
healthy patients; and the second subgroup (iii) including peri-
odontally healthy patients without a history of periodontitis.

Complying with the references of the Seventh European
Consensus Workshop on Periodontology and the statements
of the workgroup 4 of the 2017 World Workshop, the key
parameter for peri-implant mucositis assumption is the pres-
ence of bleeding on gentle probing with or without concomi-
tant suppuration and deepening of peri-implant pockets com-
pared to previous examinations but necessarily with the ab-
sence of bone loss beyond crestal bone level changes resulting
from initial bone remodeling. However peri-implantitis is de-
fined by changes in the crestal bone level in conjunction with
BoP and pus as a common finding in peri-implantitis sites [6,
42].

The general oral hygiene behavior assessed by the API was
either categorized as adequate or inadequate with a cutoff
value of 35%. An API1>35% was considered inadequate oral
hygiene [38]. Non-smokers were defined as never smokers
and smokers who quit more than 5 years ago [43].

The variable mGI-BoP was adopted from the study from
Grischke et al. [35] for the assessment of the severity of peri-
implant mucositis.

The severity score consists of the mGI and BoP being
assessed at six sites per implant each. Every site can get up
to four points: a maximum of three points for the mGI plus one
point when the site shows bleeding on gentle probing. As the
severity score is measured at six sites per implant, the variable
consequently reaches from 0 to 24 for each implant.

Statistical analysis

First, a descriptive analysis of potential confounders was per-
formed on patient level by recording frequencies, the mean
and standard deviation. For patient-level analysis, only one
implant, the worst implant, per patient was considered. The
worst implant was assessed by the highest severity score of all
implants of a patient. In the first step, the possible confounders
were included in a univariate regression model to assess pos-
sible relations with the severity score. This was conducted on
the patient and implant level.

The primary statistical analysis was again performed on the
patient and implant level using an adjusted multivariate linear
regression model analyzing the previously identified con-
founding variables and their relation to the dependent variable
(mucositis severity score). P values <0.05 were considered
statistically significant.
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First, the general population (i) including all patients was
analyzed in a multivariate regression model. Second, sub-
group analysis was performed (ii) including only periodontal-
ly healthy patients and (iii) including only periodontally
healthy patients without a history of periodontitis.

Results
Descriptive analysis

A total of 612 root-shaped dental implants in 130 patients
were evaluated and examined for signs of peri-implant muco-
sitis and the width of KM during a 4-month study period. The
implants investigated were either from Straumann® Dental
Implant System (Straumann GmbH, Freiburg, Germany) or
Astra Tech Implant System (Dentsply Sirona Deutschland
GmbH, Bensheim, Germany). The implant brand showed no
significant effect on peri-implant health. The descriptive anal-
ysis is represented in Tables 1 and 2 and revealed that in 348
out of 612 implants, the width of KM was <2 mm.
Considering only the worst implant of every patient, 74 out
of 130 participants thus 57% of the patient sample shows a
lack of KM in the peri-implant tissue. The dataset comprises
71 female and 59 male participants with a mean age of 70 +
10.32 years with a range between 38 and 92 years. Seventy-
one percent of the study population had a history of periodon-
titis and 55% had, according to the CPI, at the time of exam-
ination periodontitis. A lack of general oral hygiene behavior
was found in 63% of the patients, whereas only 8% were

current smokers. No subjects with compromised immune sys-
tem, alcohol or drug abuse, hyperglycemia, oral and maxillo-
facial tumor, or with history of head and neck radiation were
identified.

The implants were in function for an average of 10.15
+6.31 years with a range between 1 and 31 years. The mean
PD on the patient level is 3.81 mm. Seventy-one percent of
612 implants are located in the posterior region including the
premolar and molar region. Only eleven patients have a
healthy peri-implant mucosa showing no presence of BoP at
any site.

The distribution of the scores on the patient level is shown
in Fig. 2. A score of 18 was found to be the most frequent
severity score among all included implants.

Univariate and multivariate regression on patient and
implant level

Univariate regression analysis revealed that all possible risk
indicators were associated with our primary outcome the se-
verity score, so was the exposition of interest insufficient KM
(patient level, 95% CI (9.2-15.2), p <0.001; implant level,
95% CI (7-9.2), p <£0.001). Consequently, all variables were
used in the adjusted sensitivity analysis of the primary objec-
tive. There was (i) no statistical significance between insuffi-
cient KM and the severity score in the general population on
patient and implant level analysis, respectively (patient level,
95% CI (- 0.6-2.7), p=0.195; implant level, 95% CI (- 0.8—
0.9), p=0.962). Multivariate analysis in the general popula-
tion (i) revealed significantly higher severity scores with

Table 1 Descriptive analysis of

patient characteristics on patient Total (worst implant) KM <2 mm KM=2 mm
level n=130 n="74 n=56
Patient characteristics
Mean age Years 69.85+10.32 70.03+11.03 69.61 £9.39
(sd)
Sex Female 71 39 (54.9%) 32 (45.1%)
Male 59 35(59.3%) 24 (40.7%)
History of Yes 92 51 (55.4%) 41 (44.6%)
periodontitis No 38 23 (60.5%) 15 (39.5%)
Smoker Yes 11 4 (36.4%) 7 (63.6%)
No 119 70 (58.8%) 49 (41.2%)
Periodontitis Yes 71 36 (50.7%) 35 (49.3%)
No 59 38 (64.4%) 21 (35.6%)
API >35% 82 48 (58.5%) 34 (41.5%)
<35% 48 26 (54.2%) 22 (45.8%)
Residual teeth Yes 116 65 (56%) 51 (44%)
No 14 9 (64.3%) 5(35.7%)
Number of implants Mean 4.87+3.01 7.72+2.73 5.07+£3.38
(sd)
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Table 2 Descriptive analysis of

the implant characteristics on Total (worst implant) KM <2 mm KM>2 mm
patient level n=130 n=74 n=>56
Implant characteristics
Loading time Year (sd) 10.15+6.31 9.81+6.55 10.58 +£6.01
Region Anterior 38 20 (52.6%) 18 (47.4%)
Posterior 92 54 (58.7%) 38 (41.3%)
Bone Yes 65 38 (58.5%) 27 (41.5%)
augmentation No 65 36 (55.4%) 29 (44.6%)
Probing depth mm (sd) 3.81+£1.72 392+1.93 3.65+1.38
Mean mPI Grade 0.84+0.86 0.86+0.94 0.82+0.75
(sd)
Jaw OK 69 29 (42%) 40 (58%)
UK 61 45 (73.8%) 16 (26.2%)
Mean mBI Grade 1.42+0.88 1.42+0.89 1.41+£0.87
sd
BoP Oft(ﬁ (s)d) 3.48+2.05 3.35+£2.02 3.64+2.1
Mean mGI Grade 1.49+0.73 1.52+£0.7 1.46+£0.76
(sd)
BoP Yes 119 70 (58.8%) 49 (41.2%)
No 11 4 (36.4%) 7 (63.6%)

increasing PD (patient level, 95% CI (0.9-1.9), p<0.001;
implant level, 95% CI (1.4-2), p <0.001) and in patients with
no residual teeth (patient level, 95% CI (— 8.5-2.8), p <0.001;
implant level, 95% CI (1.9 to — 1), p <0.001) or in insufficient
oral hygiene (API > 35%; patient level, 95% CI (2.5-6.2), p <
0.001; implant level, 95% CI (- 3.7-3.9), p <0.001) on pa-
tient and implant level. Maxillary implants (95% CI (0.1-3.4),
p =0.04) and the number of implants (95% CI (0.3-0.9), p <
0.001) were associated with significantly higher severity
scores on the patient level and male gender (95% CI (— 1.8
to —0.3), p=0.008) was a risk indicator for higher severity
scores on implant level. All results of the univariate and mul-
tivariate analysis including all patients are depicted in Table 3.
Subgroup analysis showed a significant association between

mucositis severity score on patient level
20

15
10
i B
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Fig. 2 The mucositis severity score is a sum of the mucositis score (mGI
from 0 to 3) and the BoP (0/1) and reaches up to 4 points at each implant
site. The severity score is calculated at six implant sites and reaches from
0 (no visual signs of inflammation and no bleeding on probing at any
implant site) up to 24 points (severe inflammation with spontaneous
bleeding/ulceration as well as BoP at six implant sites). The scores from
0 to 24 are represented in the horizontal axis. The vertical axis represents
the absolute amount of implants in the present cohort

insufficient KM and the severity score in subjects without (ii)
presence or (iii) history of periodontitis on implant level and
patient level (implant level, 95% CI (0.3-2.9), p =0.017; pa-
tient level 95% CI (2.1-13.6), p =0.014). All statistical out-
comes of groups ii and iii are depicted in Table 4.

Discussion

The purpose of this study was to determine the influence of
KM on the severity of peri-implant mucositis in the general
population (i), including periodontally healthy patients and
patients with (history of) periodontitis and in two subgroups
of patients without (ii) presence and without (iii) history of
periodontitis.

Our hypothesis that insufficient width of KM is a risk in-
dicator for the severity of peri-implant mucositis was accepted
for the subgroup of patients without (ii) presence and without
(iii) history of periodontitis since a statistically significant in-
fluence of KM was proven on the implant and patient level.

The authors believe that the knowledge of putative risk
factors threatening peri-implant health is essential for the de-
velopment of efficient algorithms for the prevention, diagno-
sis, and therapy of peri-implant diseases [44].

The width of KM was measured on the mid-facial and mid-
lingual site. The sites were graduated into either sufficient
(KM >2 mm) or insufficient (KM < 2 mm). This dichotomous
division has been used numerous times in literature [23, 26].
In accordance with the former investigations conducted by
Grischke et al. [35], the implants had to show a minimum of
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Table 3 Univariate and
multivariate results for all putative
risk indicators with the target
variable mGI-BoP on patient lev-
el (PL) and implant level (IL) in-

Univariate analysis

Multivariate analysis

Risk indicator

n =130 patients/n = 612 implants

n =130 patients/n = 612 implants

cluding all patients (1 = 130). ro CL(95%) pvalue ¢ CL(95%) p value
Significant p values are marked in statistics statistics
italics
KM <2 mm PL  8.087 9.209-15.183 <0.001 1.188 —0.558-2.705 0.195
IL 14.359 6.987-9.202 <0.001 1303 —0.845-0.887 0.962
Loading time PL  14.466 0.796-1.049 <0.001 0.704 -0.167-0.177 0.73
IL  22.340 0.509-0.607 <0.001 —0.346 —0.048-0.093 0.536
Region PL 14.441 5.196-6.847 <0.001 0.208 —0.828-1.011 0.844
IL  23.232 3.635-4.306 <0.001 0.197 —0.139-0.737 0.18
Maxilla PL  183.104 6.713-8.342 <0.001 1.683 0.076-3.371 0.04
IL 29.914 4.921-5.613 <0.001 2.072 -0.407-1.236 0.322
Bone augmentation PL  8.401 8.801-14.232 <0.001 0.300 —1.889-1.416 0.777
IL 16.263 7.074-9.018 <0.001 —0.284 —1.364-0.323 0.226
Probing depth PL 24.128 2.759-3.252 <0.001 4772 0.898-1.853 < 0.001
IL  38.519 2.261-2.504 <0.001 5.706 1.435-2.015 <0.001
mPI PL  11.755 7.053-9.911 <0.001 1.627 -0.313-1.794 0.167
IL  21.169 5.374-6.474 <0.001 1.392 —0.205-1.407 0.001
API>35% PL  23.012 6.439-7.647 <0.001 3.263 2.473-6.181 <0.001
IL 36.143 4.679-5.217 <0.001 4.623 —3.704-3.861 <0.001
Number of PL  20.067 1.191-2.331 <0.001 4274 0.314-0.857 <0.001
implants IL  26.77 0.053-1.104 <0.001 —1.205 0.357-0.049 <0.229
No residual teeth PL  15.628 10.436-13.461 < 0.001 —3.917 —8.457-2.777 <0.001
IL 26.725 7.73-8.957 <0.001 —3.43 1.883 to <0.001
~1.007
Age PL  21.478 0.154-0.185 <0.001 —0.594 —0.069-0.053 0.805
IL 33.844 0.11-0.124 <0.001 0.247 —0.02-0.052 0.375
Male gender PL  15.744 5.985-7.707 <0.001 —1.656 1.59-1.287 0.835
IL  26.150 4.476-5.203 <0.001 -2.09 —1.796 to 0.008
-0.273
Smoker PL 2.56 2.686-21.064 <0.012 0484 —3.091-2.782 0.917
IL  4.573 3.967-9.94 <0.001 —0.104 —2.04-0.737 0.357
History of PL 13.070 10.675-14.489 < 0.001 —1.382 -3.2-0.57 0.17
periodontitis IL 24802  8021-9401  <0.00/ -—1101 —1.627-2.458 0272
Periodontitis PL  12.956 11.203-15.247 < 0.001 1.402 —0.528-3.087 0.164
IL  23.846 8.150-9.614 <0.001 —0.85 —1.412-0.559 0.396

2 mm KM at the buccal and the lingual site to be graduated
with sufficient KM in the present study. In line with our cur-
rent findings, Schrott et al. discovered a statistically significant
association between a minimum of 2 mm of KM and reduced
plaque accumulation and bleeding tendencies in patients
exercising good oral hygiene [23]. The authors believe that a
lack of KM simplifies plaque accumulation due to the in-
creased mobility of lining mucosa facilitating plaque accumu-
lation in the pockets. Moreover, plaque accumulation as a
result of inadequate oral hygiene behavior around dental im-
plants with reduced KM is to be related to higher brushing
discomfort [18-20]. However, discomfort as an individual
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sensation is not objectively measurable and thus complicates
scientific research on that topic. This could be a reason for
studies reporting no brushing discomfort around dental im-
plants showing reduced or no width of KM [28, 45].

The authors believe that a dichotomous evaluation of the
clinical parameter BoP is not precise enough to account for the
severity of inflammation [35] and should be accompanied by
visual inspection of the peri-implant tissue [6]. Not only the
presence but especially the degree of severity of the peri-
implant mucositis may possibly be accompanied by an elevat-
ed risk to develop peri-implantitis in the future. This will be of
interest in future research as the positive predictive value of
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Table 4 Multivariate results of
the subgroup analysis for all
putative risk indicators with the

Multivariate analysis without patients
with periodontitis

Multivariate analysis without patients
with (history of) periodontitis

target variable mGI-BoP on pa-

tient level (PL) and implant level Risk indicator

n=159/n=264 implants

n =21 patients/n =79 implants

(IL) including periodontally

healthy (n =59) and patients ro CIL(95%) pvalue ¢ o CIL(95%) p value
without presence and history of statistics statistics
periodontitis (7 =21). Significant
p values are marked in italics KM <2 mm PL  0.038 —2.286-2.374 0.97 3.150 2.102-13.586 0.014
IL 2392 0.284-2.926 0.017 0.565 -0.216-3.346 0.084
Loading time PL 0.356 —0.183-0.262 0.723 2.384 0.027-1.612 0.044
IL  2.091 0.007-0.238 0.038 —0.62 -0.261-0.137 0.537
Region PL —2.089 —2.622 to 0.042 —0.360 —3.58-2.613 0.728
~0.048
IL  0.356 —0.537-0.774 0.722 —0.738 —1.706-0.785 0.463
Maxilla PL 1.553 —0.529-4.092 0.127 2.401 0.209-10.392 0.043
IL  0.296 —1.079-1.46 0.768 2.095 0.088-3.693 0.04
Bone PL —0.736 —3.412-1.585 0.465 4.545 7.532-23.049 0.002
augmentation IL -1.179 —2.145-0.539 0.24 1.27 -0.991-4.452 0.209
Probing depth PL  4.708 0.824-2.056 <0.001 2.761 0.234-2.602 0.025
IL 8.835 1.638-2.577 <0.001 5586 1.24-2.62 < 0.001
mPI PL 1.033 —0.770-2.393 0.307 —-0.918 —5.495-2.365 0.385
IL 2.534 0.249-1.986 0.012 —0.852 —2.441-0.981 0.398
API>35% PL  2.885 1.068-6.009 0.006 3.619 2.166-9.772 0.007
IL 4432 1.927-5.009 <0.001 2922 0.984-5.23 0.005
Number of PL 4616 0.516-1.314 0.001 —2.035 -2.072-0.13 0.076
implants IL 0.721 —0.127-0.273 0471 0919 -0.23-0.623 0.361
No residual teeth PL 2721 —6.921 to 0.009 —0.978 —10.914-4.414 0.357
—1.033
IL —2.134 —3.059 to 0.034 1.055 —1.792-5.809 0.296
—-0.122
Age PL —0.696 —0.109-0.053 0.49 —-2.273 —0.387-0.003 0.053
IL —1.26 —0.082-0.018 0.209 —1.561 —0.169-0.021 0.123
Male gender PL  0.549 —1.495-2.614 0.586 —2.06 —8.513-0.48 0.073
IL —2.534 —2.82 to 0.012 —-2.217 —4.223 to 0.03
—0.354 —-0.221
Smoker PL —1.509 —6.255-0.897 0.138 —4.668 —20.536 to 0.002
—6.954
IL —2.677 —4.085—0.622 0.008 —3.682 —8.445 to < 0.001
—2.507
History of PL 0.12 —2.556-2.879 0.905
periodontitis IL  -0533 -2077-1.193 0595

BoP for disease progression from peri-implant mucositis to
peri-implantitis has not been clarified to the knowledge of
the authors until today.

The histogram depicted in Fig. 2 shows the different points
of the severity score from 0 to 24 and the belonging absolute
amount of implants on the patient level. The highest column
and hence the most frequent severity score is score 18. It
consists of a positive BoP on each site (6 points) and an
mGI of 2 for each site showing no signs of ulceration but
typical signs of inflammation like swelling or erythema.
Thus, score 18 stands for a pronounced inflammation

throughout the peri-implant mucosa with bleeding and visual
signs of inflammation. This condition is marked by an absence
of'bone loss displaying a clear demarcation of the state of peri-
implantitis. However, this outstanding column potentially
marks the beginning of severe peri-implant mucositis with a
positive predictive value for peri-implantitis.

Moreover, columns 8, 9, and 10 are high and striking. They
represent half of the score 18 and stand hence for mucositis of
50% of the tissue or more precisely for the inflammation of a
mesial or distal space. This degree of inflammation corre-
sponds with moderate inflammation. The scores below show
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low signs of inflammation, with a maximum of two sites of
positive BoP. Severity scores below 8 may be misjudged as
peri-implant mucositis but may only show positive BoP due to
the stimulus of probing because of their narrow and tight mu-
cosa and not as a result of peri-implant inflammation.

Regarding former studies having carried out thematically
comparable investigations, it is important to mention that, in
most other studies, the presence and not the severity of peri-
implant mucositis has been measured and analyzed.

Matarazzo et al. also investigated the severity of peri-
implant diseases but defined only severe peri-implantitis by
the extent of marginal bone loss and therefore focused fewer
on the severity of peri-implant mucositis. However, also peri-
implantitis is characterized by mucosal inflammation and
therefore makes the results of Matarazzo et al. considerable
at this point. In accordance with our results, they showed a
significant association between the event peri-implantitis and
male gender, maxillary implants, an increased number of im-
plants and a width of KM <2 mm [4].

Other studies verified a significant association between a
reduced width of KM and peri-implant disease though the
cutoff points determining the sufficiency of KM varies among
the studies [28, 30, 32]. Compatible to our results, Ueno et al.
found a statistical relation between a reduced width of KM (<
2 mm) and PD, BoP, and presence of plaque. Interestingly, the
authors could not confirm the results mentioned above for a
reduced width of keratinized gingiva (<2 mm) around peri-
odontal tissues giving evidence that the significant relation
between a reduced width of KM and signs of peri-implant
mucositis is restricted on implants and is not transferable to
natural teeth [28].

However, different authors have investigated the effect of
the presence of KM on peri-implant mucositis and found even
contradictory events [9, 33]. Ross-Jansaker et al. stated that
the presence of KM is statistically significantly associated
with peri-implant mucositis. In this context, it is important to
keep in mind that peri-implant mucositis was defined in their
study as the presence of BoP and PD >4 mm. Considering the
general consensus among many authors that a reduced band of
KM is associated with mucosal recession and therefore
prohibiting mucosal pocket formation, the different case def-
inition in that study requiring an increased PD for the assess-
ment of peri-implant mucositis may be explanatory for con-
tradictory results.

Numerous studies have reported that the presence and his-
tory of periodontitis have a significant negative effect on peri-
implant health. Boynuegri et al. investigated implants in eden-
tulous patients and thus analyzed like this cross-sectional
study patients without current periodontitis. They found out
a significant relation between a reduced zone of KM (KM <
2 mm) and mucosal inflammation, plaque formation, and pro-
inflammatory mediators [26]. It seems essential to eliminate
periodontitis as confounding variable when aiming to analyze
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the effect of KM on peri-implant health as patients eligible for
soft tissue augmentation are those low-risk patients with suf-
ficient oral hygiene and without presence of periodontitis. The
analysis of the subgroup in the current study excluding pa-
tients with presence of periodontitis confirmed the findings of
the study conducted by Grischke et al. among low-risk pa-
tients showing a significant association between a reduced
band of KM and the severity score in the adjusted sensitivity
analysis (CI 95% (0.8-4.2), p =0.04) [35]. Denoting this cor-
relation of a significant relationship between insufficient KM
and the severity score in univariate analysis and in sensitivity
analysis only with the absence of periodontitis, it may be
concluded that the negative effect of a reduced band of KM
is overshadowed by the presence of periodontitis. It suggests
the idea that even a sufficient width of KM cannot reduce the
severity of peri-implant mucositis significantly in the presence
of periodontitis.

Patients with no residual teeth display a special group
among the patient sample as they show no presence of peri-
odontitis due to the absence of residual teeth. At this point, it is
important to pay attention to the history of periodontitis and
thus the reason for tooth loss in the past. Continuing this idea
and analyzing only the patients that did not show periodontitis
in the presence and past, the significant association between
the severity score and KM <2 mm was also confirmed on
patient level (CI 95% (2.1-13.6), p=0.014). In contrast to
the reduced width of KM gaining importance with the analysis
of the subgroups, the plaque scores (mPI and API) lose rele-
vance with the exclusion of periodontitis. This correlation
supports the idea of the strength of the effect of periodontitis
and the associated microbial plaque placing other confound-
ing variables like insufficient KM or loading time in the
background.

Different from our study population, Monje et al. ana-
lyzed erratic maintenance compliers claiming that ade-
quate plaque control is the reason for the results of studies
in the past, stating that there is no significant association
between a reduced band of KM and peri-implant inflam-
mation. Monje et al. showed that in implants with KM <
2 mm, clinical and radiographic parameters like PD, mBI,
PI, or marginal bone loss are significantly increased [29].
According to the etiology of peri-implant diseases, the
oral microbiome initiates the inflammatory response of
the peri-implant tissue. It is important to keep in mind
that there are no specific differences shown in the litera-
ture between the composition of mucosal and gingival
biofilm neither in the condition of health nor in disease
[7].

Considering the analysis of the subgroup of patients with-
out current or former periodontitis, we could now demonstrate
that insufficient KM has a significant effect on the severity of
peri-implant mucositis in a patient sample not being at risk for
peri-implant mucositis due to the absence of peri-implant
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threatening microbiome. However, these findings must be
confirmed in future research with plaque sampling and
microbiome analysis.

The generalizability of the study is high due to the inclu-
sion of every implant patient during the study recruitment
period. No patients were excluded. However, non-clinical pa-
tients were not included in the recruitment process. Beyond,
this study shows a high degree of standardization since all
implants have been examined by one examiner. Moreover,
the prior sample size calculation stresses the accuracy of the
study. However, due to the analysis of the subgroups, the
sample size shrank in the subgroups. The significant results
between a reduced width of KM and the severity of peri-
implant mucositis were found in the subgroups of 59 and 21
participants representing a small proportion of the initial sam-
ple size. The number of patients in the subgroups is a consid-
erable limitation of the present study. Furthermore, the cutoff
value < 2 mm graduating dental implants with the presence of
KM <2 mm and implants with no presence of KM into the
same group should cautiously be considered. We believe that
a thin zone of KM (<2 mm but >0 mm) may have a more
positive influence on peri-implant health compared with im-
plants only surrounded by lining mucosa. A division of the
study population into three groups showing either no presence
of KM, or a narrow zone of KM >0 and <2 mm, or a wide
zone of KM >2 mm is worth considering in future research.
However, as most studies on the effect of keratinized mucosa
on peri-implant health used a cutoff value at 2 mm, we decid-
ed to go in line with these studies to make our study outcomes
comparable with the current literature. Moreover, the cross-
sectional data of the present study does not give information
about the temporal alteration of the condition of the implant
surrounding tissue limiting the significance of our results.

Considering the recent results of the authors Oh et al., the
augmentation of KM with free gingival grafts in patients with
a width of KM <2 mm displays a possibility of controlling
KM as a risk indicator by reducing mucosal recession and
crestal bone loss. [46].

In future, multi-center research with higher patient samples
may be initiated. The predictive value of the mucositis sever-
ity score and the width of KM may be further elucidated with
longitudinal data of the current patient sample.

Conclusion

A band of KM < 2 mm is not significantly associated with the
severity of peri-implant mucositis in this patient sample of
university clinic outpatients. However, in subgroup analysis
considering only periodontally healthy patients, a reduced
band of KM is a risk indicator for the severity of peri-
implant mucositis.

Author contributions J.G. and M.S. designed the study. Data were col-
lected by L.K. Data analysis was done by L.K. and J.G. M.S. contributed
to the interpretation of the data and L.K. led the writing. All authors
revised the manuscript critically, approved the manuscript, and contrib-
uted to the accuracy and integrity of any parts of the work.

Funding information Open Access funding provided by Projekt DEAL.
The work was supported by the Department of Prosthetic Dentistry and
Biomedical Materials Research of Hannover Medical School in
Germany.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in the present study involv-
ing human participants were in accordance with the ethical standards of
the institutional committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lindquist LW, Carlsson GE, Jemt T (1996) A prospective 15-year
follow-up study of mandibular fixed prostheses supported by
osseointegrated implants. Clinical results and marginal bone loss.
Clin Oral Implants Res 7:329-336. https://doi.org/10.1034/j.1600-
0501.1996.070405.x

2. Timmerman R, Stoker GT, Wismeijer D, Oosterveld P, Vermeeren
JI, van Waas MA (2004) An eight-year follow-up to a randomized
clinical trial of participant satisfaction with three types of mandib-
ular implant-retained overdentures. J Dent Res 83:630-633. https://
doi.org/10.1177/154405910408300809

3. Derks J, Tomasi C (2015) Peri-implant health and disease. A sys-
tematic review of current epidemiology. J Clin Periodontol
42(Suppl 16):S158-S171. https://doi.org/10.1111/jcpe.12334

4. Matarazzo F, Saboia-Gomes R, Alves BES, de Oliveira RP, Aratjo
MG (2018) Prevalence, extent and severity of peri-implant diseases.
A cross-sectional study based on a university setting in Brazil. J
Periodontal Res 53:910-915. https://doi.org/10.1111/jre.12582

5. Koldsland OC, Scheie AA, Aass AM (2011) The association be-
tween selected risk indicators and severity of peri-implantitis using
mixed model analyses. J Clin Periodontol 38:285-292. https:/doi.
org/10.1111/5.1600-051X.2010.01659.x

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1034/j.1600-0501.1996.070405.x
https://doi.org/10.1034/j.1600-0501.1996.070405.x
https://doi.org/10.1177/154405910408300809
https://doi.org/10.1177/154405910408300809
https://doi.org/10.1111/jcpe.12334
https://doi.org/10.1111/jre.12582
https://doi.org/10.1111/j.1600-051X.2010.01659.x
https://doi.org/10.1111/j.1600-051X.2010.01659.x

1192 Clin Oral Invest (2021) 25:1183-1193
6. Berglundh T, Armitage G, Araujo MG, Avila-Ortiz G, Blanco J, 20. Souza AB, Tormena M, Matarazzo F, Aratijo MG (2016) The in-
Camargo PM, Chen S, Cochran D, Derks J, Figuero E, Himmerle fluence of peri-implant keratinized mucosa on brushing discomfort
CHF, Heitz-Mayfield LJA, Huynh-Ba G, lacono V, Koo KT, and peri-implant tissue health. Clin Oral Implants Res 27:650-655.
Lambert F, McCauley L, Quirynen M, Renvert S, Salvi GE, https://doi.org/10.1111/clr.12703
Schwarz F, Tarnow D, Tomasi C, Wang HL, Zitzmann N (2018) 21. Bouri A, Bissada N, Al-Zahrani MS, Faddoul F, Nouneh I (2008)
Peri-implant diseases and conditions: consensus report of Width of keratinized gingiva and the health status of the supporting
workgroup 4 of the 2017 world workshop on the classification of tissues around dental implants. Int J Oral Maxillofac Implants 23:
periodontal and peri-implant diseases and conditions. J Periodontol 323-326
89(Suppl 1):S313-S318. https://doi.org/10.1002/JPER.17-0739 22. Zigdon H, Machtei EE (2008) The dimensions of keratinized mu-
7. Retamal-Valdes B, Formiga MC, Almeida ML, Fritoli A, cosa around implants affect clinical and immunological parameters.
Figueiredo KA, Westphal M, Gomes P, Feres M (2019) Does Clin Oral Implants Res 19:387-392. https://doi.org/10.1111/j.
subgingival bacterial colonization differ between implants and 1600-0501.2007.01492.x
teeth? A systematic review. Braz Oral Res 33:¢064. https://doi. 23.  Schrott AR, Jimenez M, Hwang JW, Fiorellini J, Weber HP (2009)
org/10.1590/1807-3107bor-2019.vol33.0064 Five-year evaluation of the influence of keratinized mucosa on peri-
8. Dreyer H, Grischke J, Tiede C, Eberhard J, Schweitzer A, implant soft-tissue health and stability around implants supporting
Toikkanen SE, Glockner S, Krause G, Stiesch M (2018) full-arch mandibular fixed prostheses. Clin Oral Implants Res 20:
Epidemiology and risk factors of peri-implantitis: a systematic re- 1170-1177. https:/doi.org/10.1111/5.1600-0501.2009.01795 x
view. J Periodontal Res 53:657—681. https://doi.org/10.1111/jre. 24.  Kim BS, Kim YK, YunPY, Yi YJ, Lee HJ, Kim SG, Son JS (2009)
12562 Evaluation of peri-implant tissue response according to the pres-
9. Roos-Jansaker AM, Renvert H, Lindahl C, Renvert S (2006) Nine- ence of keratinized mucosa. Oral Surg Oral Med Oral Pathol Oral
to fourteen-year follow-up of implant treatment. Part III: factors Radiol Endod 107:e24—¢28. https:/doi.org/10.1016/j.tripleo.2008.
associated with peri-implant lesions. J Clin Periodontol 33:296— 12.010
301. https://doi.org/10.1111/1.1600-051X.2006.00908 x 25. lorio-Siciliano V, Blasi A, Sammartino G, Salvi GE, Sculean A
10. Karbach J, Callaway A, Kwon YD, d'Hoedt B, Al-Nawas B (2009) (2020) Soft tissue St.ablll'[)f relateq to mucosal recession at dental
Comparison of five parameters as risk factors for peri-mucositis. Int 1mplants: a syste.mgtlc review. Quintessence Int 51:28-36. https:/
J Oral Maxillofac Implants 24:491-496 doi.org/ 19‘,3290/1‘(11'343048 o
11, Konstantinidis IK, Kotsakis GA, Gerdes S, Walter MH (2015) ~ 26+ Boynuegri D, Nemli SK, Kasko YA (2013) Significance of
Cross-sectional study on the prevalence and risk indicators of kc?ratlnlzed mucosa around dental implants: a prospective compar-
peri-implant diseases. Eur J Oral Implantol 8:75-88 Elltll‘{?/s?ggoc()g% ?;aollgn(g)zlzl;tss Res 24:928-933. hitps://doi.org/10.
. s e . . - . . X
12. Il\x/lat.arasso S, Rasperini G, lorio SlClllapo Vv, Saly1 GE, Lang NP, 27. Chung DM, Oh TJ, Shotwell JL, Misch CE, Wang HL (2006)
glietta M (2010) A 10-year retrospective analysis of radiographic . S . . .
bone-level changes of implants supporting single-unit crowns in Slgmﬁca_nce Aof keratinized mucosa in maintenance of dental im-
. . . . plants with different surfaces. J Periodontol 77:1410-1420. https:/
periodontally compromised vs. periodontally healthy patients. . .
Clin Oral Implants Res 21:898-903 doiorg/10.1902/j0p.2006.050393 ‘ .
. . . . 28.  Ueno D, Nagano T, Watanabe T, Shirakawa S, Yashima A, Gomi K
13. Aglietta M, Siciliano VI, Rasperini G, Cafiero C, Lang NP, Salvi 2016) Effect of the keratinized mucosa width on the health status
GE (2011) A 10-year retrospective analysis of marginal bone-level ( £ periimpl d 1 ) iod Lt )
changes around implants in periodontally healthy and periodontally of perimp ant and contralatera p eriodonta tlSSl}CS. A cross-
. . sectional study. Implant Dent 25:796-801. https://doi.org/10.
comPromlsed tqbacco smokers. Clin Oral Imp.la1.1ts Res 22:47-53 1097/ID.0000000000000483
14. Ar‘@ Z, Carmeli G, Kozlpvsky A (2006) A distinguishable obser- 29. Monje A, Blasi G (2018) Significance of keratinized mucosa/
vation between surylval an,d success ra.te outc'ome 9f gingiva on peri-implant and adjacent periodontal conditions in er-
hydroxyapatite-coated implants in 5'1,0 years fupctlon. Clin ratic maintenance compliers. J Periodontol 90:445-453. https:/doi.
Oral Implants Res 17:85-93. https://doi.org/10.1111/.1600-0501. org/10.1002/JPER. 18-0471
2005.01178.x 30. Vignoletti F, Di Domenico GL, Di Martino M, Montero E, de
15. Blanes RJ, Bemard JP, Blanes ZM, Belser UC (2007) A 10-year Sanctis M (2019) Prevalence and risk indicators of peri-
prospective study of ITI dental implants placed in the posterior implantitis in a sample of university-based dental patients in Italy:
region. I: Clinical and rad'lographlc res_““S- Clin Oral Implants a cross-sectional study. J Clin Periodontol 46:597—-605. https://doi.
Res 18:699-706. https://doi.org/10.1111/j.1600-0501.2006.01306. org/10.1111/jcpe.13111
X 31. Lin GH, Chan HL, Wang HL (2013) The significance of
16. Renvert S, Lindahl C, Persson GR (2018) Occurrence of cases with keratinized mucosa on implant health: a systematic review. J
peri-implant mucositis or peri-implantitis in a 21-26 years follow- Periodontol 84:1755-1767. https://doi.org/10.1902/jop.2013.
up study. J Clin Periodontol 45:233-240. https://doi.org/10.1111/ 120688
Jepe.12822 32. Rokn A, Aslroosta H, Akbari S, Najafi H, Zayeri F, Hashemi K
17. Wennstrém JL, Derks J (2012) Is there a need for keratinized mu- (2017) Prevalence of peri-implantitis in patients not participating in
cosa around implants to maintain health and tissue stability? Clin well-designed supportive periodontal treatments: a cross-sectional
Oral Implants Res 23(Suppl 6):136-146. https://doi.org/10.1111/j. study. Clin Oral Implants Res 28:314-319. https://doi.org/10.1111/
1600-0501.2012.02540.x clr.12800
18. Roccuzzo M, Grasso G, Dalmasso P (2016) Keratinized mucosa 33. Apse P, Ellen RP, Overall CM, Zarb GA (1989) Microbiota and
around implants in partially edentulous posterior mandible: 10-year crevicular fluid collagenase activity in the osseointegrated dental
results of a prospective comparative study. Clin Oral Implants Res implant sulcus: a comparison of sites in edentulous and partially
27:491-496. https://doi.org/10.1111/clr.12563 edentulous patients. J Periodontal Res 24:96-105. https://doi.org/
19. Perussolo J, Souza AB, Matarazzo F, Oliveira RP, Araujo MG 10.1111/5.1600-0765.1989.tb00863 .x
(2018) Influence of the keratinized mucosa on the stability of 34, Lim HC, Wiedemeier DB, Hdmmerle CHF, Thoma DS (2019) The

peri-implant tissues and brushing discomfort: a 4-year follow-up
study. Clin Oral Implants Res 29:1177-1185. https://doi.org/10.
1111/clr.13381

@ Springer

amount of keratinized mucosa may not influence peri-implant
health in compliant patients: a retrospective S-year analysis. J Clin
Periodontol 46:354-362. https://doi.org/10.1111/jcpe.13078


https://doi.org/10.1002/JPER.17-0739
https://doi.org/10.1590/1807-3107bor-2019.vol33.0064
https://doi.org/10.1590/1807-3107bor-2019.vol33.0064
https://doi.org/10.1111/jre.12562
https://doi.org/10.1111/jre.12562
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1600-0501.2005.01178.x
https://doi.org/10.1111/j.1600-0501.2005.01178.x
https://doi.org/10.1111/j.1600-0501.2006.01306.x
https://doi.org/10.1111/j.1600-0501.2006.01306.x
https://doi.org/10.1111/jcpe.12822
https://doi.org/10.1111/jcpe.12822
https://doi.org/10.1111/j.1600-0501.2012.02540.x
https://doi.org/10.1111/j.1600-0501.2012.02540.x
https://doi.org/10.1111/clr.12563
https://doi.org/10.1111/clr.13381
https://doi.org/10.1111/clr.13381
https://doi.org/10.1111/clr.12703
https://doi.org/10.1111/j.1600-0501.2007.01492.x
https://doi.org/10.1111/j.1600-0501.2007.01492.x
https://doi.org/10.1111/j.1600-0501.2009.01795.x
https://doi.org/10.1016/j.tripleo.2008.12.010
https://doi.org/10.1016/j.tripleo.2008.12.010
https://doi.org/10.3290/j.qi.a43048
https://doi.org/10.3290/j.qi.a43048
https://doi.org/10.1111/j.1600-0501.2012.02475.x
https://doi.org/10.1111/j.1600-0501.2012.02475.x
https://doi.org/10.1902/jop.2006.050393
https://doi.org/10.1902/jop.2006.050393
https://doi.org/10.1097/ID.0000000000000483
https://doi.org/10.1097/ID.0000000000000483
https://doi.org/10.1002/JPER.18-0471
https://doi.org/10.1002/JPER.18-0471
https://doi.org/10.1111/jcpe.13111
https://doi.org/10.1111/jcpe.13111
https://doi.org/10.1902/jop.2013.120688
https://doi.org/10.1902/jop.2013.120688
https://doi.org/10.1111/clr.12800
https://doi.org/10.1111/clr.12800
https://doi.org/10.1111/j.1600-0765.1989.tb00863.x
https://doi.org/10.1111/j.1600-0765.1989.tb00863.x
https://doi.org/10.1111/jcpe.13078

Clin Oral Invest (2021) 25:1183-1193

1193

35.

36.

37.

38.

39.

40.

41.

Grischke J, Karch A, Wenzlaff A, Foitzik M, Stiesch M, Eberhard J
(2019) Keratinized mucosa width is associated with severity of peri-
implant mucositis. A cross-sectional study. Clin Oral Implants Res
30:457-465. https://doi.org/10.1111/clr.13432

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP, Initiative S (2014) The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Int J
Surg 12:1495-1499. https://doi.org/10.1016/j.ijsu.2014.07.013
Mombelli A, van Oosten MA, Schurch E, Land NP (1987) The
microbiota associated with successful or failing osseointegrated ti-
tanium implants. Oral Microbiol Immunol 2:145-151

Lange DE, Plagmann HC, Eenboom A, Promesberger A (1977)
Clinical methods for the objective evaluation of oral hygiene.
Dtsch Zahnarztl Z 32:44-47

LOE H, SILNESS J (1963) Periodontal disease in pregnancy. I.
Prevalence and severity. Acta Odontol Scand 21:533-551
Parpaiola A, Cecchinato D, Toia M, Bressan E, Speroni S, Lindhe J
(2015) Dimensions of the healthy gingiva and peri-implant mucosa.
Clin Oral Implants Res 26:657-662. https://doi.org/10.1111/clr.
12359

Ciancio SG, Newman MG, Shafer R (1992) Recent advances in
periodontal diagnosis and treatment: exploring new treatment alter-
natives. J Am Dent Assoc 123:34-43. https://doi.org/10.14219/
jada.archive.1992.0279

42.

43.

44,

45.

46.

Lang NP, Berglundh T, Periodontology WGoSEWo (2011)
Periimplant diseases: where are we now?—Consensus of the
Seventh European Workshop on Periodontology. J Clin
Periodontol 38(Suppl 11):178—181. https://doi.org/10.1111/j.
1600-051X.2010.01674.x

SSY AL, Natto ZS, Midle JB, Gyurko R, O'Neill R, Steffensen B
(2019) Association between time since quitting smoking and peri-
odontitis in former smokers in the National Health and Nutrition
Examination Surveys (NHANES) 2009 to 2012. J Periodontol 90:
16-25. https://doi.org/10.1002/JPER.18-0183

Grischke J, Johannsmeier L, Eich L, Griga L, Haddadin S (2020)
Dentronics: towards robotics and artificial intelligence in dentistry.
Dent Mater 36:765-778. https://doi.org/10.1016/j.dental.2020.03.
021

Bonino F, Steffensen B, Natto Z, Hur Y, Holtzman LP, Weber HP
(2018) Prospective study of the impact of peri-implant soft tissue
properties on patient-reported and clinically assessed outcomes. J
Periodontol 89:1025-1032. https://doi.org/10.1002/JPER.18-0031
Oh SL, Ji C, Azad S (2020) Free gingival grafts for implants
exhibiting a lack of keratinized mucosa: extended follow-up of a
randomized controlled trial. J Clin Periodontol 47:777—785. https://
doi.org/10.1111/jcpe. 13272

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/clr.13432
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1111/clr.12359
https://doi.org/10.1111/clr.12359
https://doi.org/10.14219/jada.archive.1992.0279
https://doi.org/10.14219/jada.archive.1992.0279
https://doi.org/10.1111/j.1600-051X.2010.01674.x
https://doi.org/10.1111/j.1600-051X.2010.01674.x
https://doi.org/10.1002/JPER.18-0183
https://doi.org/10.1016/j.dental.2020.03.021
https://doi.org/10.1016/j.dental.2020.03.021
https://doi.org/10.1002/JPER.18-0031
https://doi.org/10.1111/jcpe.13272
https://doi.org/10.1111/jcpe.13272

	The...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study design
	Patient sample/study population
	Clinical examination/clinical parameters
	Definition of outcomes
	Statistical analysis

	Results
	Descriptive analysis
	Univariate and multivariate regression on patient and implant level

	Discussion
	Conclusion
	References


