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Abstract
Background: Peri-implant disease prevalence is associated with amultifactorial
etiology and distinct clinical characteristics of inflammation.
Methods: The present study aimed to assess the prevalence of peri-implant
diseases, identify related risk indicators, and associate specific clinical character-
istics to peri-implant biological complications in the medium term. Peri-implant
diseases were classified according to established case criteria. Patients’ data,
implant and/or prosthetic features, and maintenance records were collected.
Clinical characteristics such as bleeding on probing (BOP), suppuration (SUPP),
keratinized mucosa (KM), probing depth (PD), marginal recession (MR), and
modified plaque index (mPI) were recorded.
Results: Ninety-nine patients with 266 implants with a mean functional dura-
tion of 30.26months were evaluated. Peri-implantmucositis and peri-implantitis
prevalence totaled to 49.5% and 15.15% (patient level), respectively. Peri-implant
mucositis was associated with osteoporosis (odds ratio [OR] 6.09), age (OR 0.97),
diabetes mellitus (OR 3.09), cemented-retained prosthesis (OR 3.81), and partial
prosthesis (OR 2.21). Peri-implantitis was associated with osteoporosis (OR 7.74)
and periodontitis (OR 2.74), cemented prosthesis (OR 10.12), partial and full arch
prostheses (OR 12.35 and 19.86), implant diameter (OR 3.64), abutment trans-
mucosal height (OR 3.39), and hygiene difficulty (OR 3.14). Furthermore, mPI
score 3 (OR 3.27) and PD scores (OR 1.64) were associated with peri-implant
mucositis, while mPI score 3 (OR 16.42), KM (OR 1.53), PD (OR 1.81), MR (OR
2.61), and the relationship between KM and PD (OR 0.63) were associated with
peri-implantitis.
Conclusion: In the medium term, peri-implant diseases were correlated with
factors inherent to the patient’s conditions, presurgical treatment plan, and
hygienemaintenance care. The knowledge of thementioned factors and featured
clinical characteristics can be crucial for disease prevention and establishment
of a superior implant therapy prognosis.

J Periodontol. 2023;1–12. © 2023 American Academy of Periodontology. 1wileyonlinelibrary.com/journal/jper

https://orcid.org/0000-0002-4060-0444
mailto:maria.galarraga_vinueza@tufts.edu
https://wileyonlinelibrary.com/journal/jper
http://crossmark.crossref.org/dialog/?doi=10.1002%2FJPER.23-0355&domain=pdf&date_stamp=2023-10-17


2 APAZA-BEDOYA et al.

KEYWORDS
dental implant-abutment design, dental implants, epidemiology, peri-implantitis

1 INTRODUCTION

Peri-implant diseases are common inflammatory entities
that affect the integrity of soft and hard peri-implant
tissues.1,2 The aforementioned diseases are usually asso-
ciated with biofilm accumulation and characterized by
clinical signs of inflammation.1,3 Peri-implant mucositis
might progress to peri-implantitis when the inflammatory
response residing in the soft tissue compartment affects the
underlying peri-implant bone, and consequently progres-
sive marginal bone loss (MBL) is triggered.4
Contemporary epidemiological studies have shown that

peri-implant mucositis and peri-implantitis prevalence
ranges from 27% to 63% and from 7% to 28%, respectively.5–9
Furthermore, diverse patient- and implant-related fea-
tures, such as presence and/or history of periodontal
disease, poor implant maintenance, and plaque accu-
mulation at implant surfaces have been defined as risk
indicators for peri-implant diseases.1,9,10 Nevertheless,
other factors such as smoking habits, diabetes mel-
litus, osteoporosis, hygienic factors, prosthesis design,
and other implant-related features have been studied in
several epidemiological studies but have not yet been
defined as established risk indicators for peri-implant
diseases.1,9,10
Clinical signs of peri-implant mucositis are charac-

terized as redness, mucosal enlargement, and bleeding
on probing (BOP) with/without suppuration (SUPP).11
Moreover, peri-implantitis is associated with the afore-
mentioned characteristics with higher probing depth (PD)
values and progressiveMBL.1,12,13 The association between
clinical parameters and peri-implant diseases has been
evaluated in earlier epidemiologic studies with the aim
of detecting characteristic features of peri-implant dis-
eased sites.14–17 Nevertheless, current evidence is not
robust toward the possible effect of peri-implant kera-
tinized mucosa (KM), attached mucosa, and marginal
recession (MR) as possible risk indicators of peri-implant
diseases.1,18
The primary aim of this multicenter cross-sectional

study is to evaluate the prevalence of peri-implant mucosi-
tis and peri-implantitis for an internal conical connection
implant system in a Brazilian population. Secondary out-
comes include the identification of risk indicators and
the association of specific clinical characteristics to peri-
implant diseases.

2 MATERIALS ANDMETHODS

2.1 Study design

This cross-sectional study was approved by the ethics
committee on human studies (CAAE14643519.3.1001.0121)
and involved three Brazilian postgraduate centers in oral
implantology: (1) Center for Education and Research
on Dental Implants at the Federal University of Santa
Catarina, Florianopolis, (2) Foundation for Scientific and
Technological Development of Dentistry at the Univer-
sity of Sao Paulo, and (3) University Paulista of São
Paulo. The study was conducted from September 2019
to July 2020 based on the Helsinki Declaration of 1975
(revised in 2008), and its reports follow the STROBE
(Strengthening the Reporting of Observational Studies
in Epidemiology) guidelines for observational clinical
studies.19

2.2 Sample selection

The medical records of subjects with fixed prostheses sup-
ported on two-piece conical connection titanium implants*
with a functional duration of at least 1 year were screened.
Subjects were contacted and invited to participate. At least
three contact attempts were made.
The exclusion criteria considered patients who (i)

were taking medications that affect bone turnover
(i.e., bisphosphonates and denosumab), (ii) were preg-
nant/breastfeeding women, (iii) lost their implants during
the follow-up period and could not be re-evaluated, (iv)
had an implant that underwent peri-implantitis surgical
treatment, (v) had unloaded implants (absence of pros-
thetic component), (vi) had implants with prostheses that
do not allow correct access for clinical assessment, and
(vii) had incomplete records.
After the invited participants accepted and signed an

informed consent, they were subjected to a clinical and
radiographical evaluations.

* Implacil De Bortoli, Sao Paulo, Brazil.
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2.3 Data collection

The following datawere extracted from the patients’ dental
records and confirmed in the clinical examination:

1. Patient-related factors: age, sex, heart disease, hyper-
tension, uncontrolled diabetes mellitus (glycosylated
hemoglobin [HbA1c] > 7), osteoporosis, history of peri-
odontitis (current or treated) evaluated from the patient
record based on a periodontal screening index (PSI)
score value ≥ 3, presence of wear facets, and smoking
habits (>1 cigarette/day).

2. Implant- and/or prosthesis-related factors: region,
implant length and diameter, abutment length and
diameter, retention type, prosthesis type, screw
complications (history or presence of loosening or
fracture), implant placement time, implant loading
time, radiographic presence of gap between prosthesis
and abutment, and follow-up time from implant and
prosthesis installation.

3. Maintenance-/hygiene-related factors: professional
cleaning (at least one per year); hygiene discomfort
and difficulty (classified as low, medium, and high);
hygiene routine (only manual brushing or use of other
additional methods such as interdental brush, dental
floss, or water floss at least once a day).

2.4 Clinical parameters

The following clinical parameters were assessed:

-BOP: absent or present as line or drop after 30 s.
-SUPP: absent or present after palpation or probing.
-Modified plaque index (mPI): Scores 0–3.20
-KM: inmillimeter; considering themucogingival line
as the apical limit.

-PD: inmillimeter; peri-implant pocket probing depth.
-MR: in millimeter; absence of recession was con-
sidered as zero. The transmucosal collar of the
abutment was considered as the cervical limit.

-Relationship between KM and PD (KM–PD): calcu-
lated by subtracting PD values from KM.

To perform the clinical evaluation, a plastic periodontal
probe† was used. The clinical parameters mPI, BOP, SUPP,
PD, andMRwere assessed at six implant sites (distobuccal,
midbuccal and mesiobuccal and distolingual, midlingual
andmesiolingual). KMwas obtained only at the three buc-
cal implant aspects. BOP and SUPP were considered as
“present” when at least one site was positive. For the other

†Colorvue #12; Hu-Friedy Inc., Chicago, Illinois, USA.

parameters, the “worst” value was considered for analysis.
That is, for mPI, PD, and MR, the highest value was con-
templated, and for KM and KM–PD the lowest value was
considered.

2.5 Radiographic assessment

Digital periapical radiographs‡ were taken using the par-
allel technique at the time of clinical examination of
this study. Radiological measurements were performed
by one calibrated examiner. The analysis of measure-
ments was performed based on the known implant height
using an image processing software.21,22 § Hence, MBL
was measured as the distances in millimeter between the
shoulder of the implant and the first bone-to-implant con-
tact. Measurements performed apically to the implant
shoulder were considered as negative values. Each mea-
surement was performed three times, and an average was
calculated for higher accuracy. The lowest MBL value,
either mesial or distal, was considered to perform the
diagnosis.

2.6 Peri-implant case definitions

Peri-implant diseases were assessed according to the 2017
World Workshop on the Classification of Periodontal and
Peri-implant Diseases and Conditions12 for epidemiologic
studies where radiographic and clinical information from
the time point when the suprastructurewas placedwas not
available23: (1) Peri-implant health was determined as the
absence of clinical signs of inflammation and profuse BOP;
(2) peri-implant mucositis was diagnosed when soft tis-
sues presented signs of inflammation, presence of profuse
BOP and/or SUPP, and absence of radiographic MBL (i.e.,
<3 mm, interproximal distance from implant platform to
the first bone implant contact); and (3) peri-implantitis
was diagnosed as a combination of BOP and radiographic
MBL ≥ 3 mm at either medial or distal sites12.

2.7 Statistical analysis

The sample size was calculated based on the propor-
tion of an infinite population, where the precision was
set at 5%, confidence level at 80%, and the prevalence
of peri-implantitis was 16.4%10. The minimal sample size
estimated was 90 patients (OpenEpi, Atlanta, Georgia,
USA).

‡EVO; Micro Imagem, Indaiatuba, Brazil.
§ Image J v.2.0.; National Institutes of Health, Bethesda, Maryland, USA.
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The prevalence of health and peri-implant diseases were
reported at implant and patient level (the implant with the
most advanced clinical signs of disease was chosen).
Descriptive analyses and regression tests were per-

formed considering implant level as the unit of assessment.
Multinomial logistic regression was performed to exam-
inate the effect of patient-, implant-, and maintenance-
related indicators with the implant diagnoses using health
as reference and p < 0.05 to indicate statistical signif-
icance. To verify multicollinearity of the independent
variables, a tolerance of <0.1 and a variance inflation
factor of>10were considered. For the patient and implant-
/prostheses-related factors, an adjusted regression model
was performed (p < 0.20). To analyze the association of
the use of additional methods to manual brushing with
the diagnoses, the implants were separated into single and
multiple prostheses. Pearson’s chi-square or Fisher’s exact
test were used. Pairwise Z as post hoc test were performed
if necessary to identify the subset that differs statistically.24
p values were corrected by the Bonferroni method. To ana-
lyze the clinical parameters and their relationship with
peri-implant diseases, multinomial logistic regression was
performed (p < 0.05). All statistical analyses were carried
out using SPSS version 21.0 (IBM Corp., Armonk, New
York, USA).
To appraise the bivariate relationship between two

clinical characteristics and its trends by diagnoses, a scat-
terplot matrix was constructed using Seaborn library in
Python software (Python 3.8.5, Python Software Founda-
tion, Wilmington, Delaware, USA).

3 RESULTS

Ninety-nine patients (44 men and 55 women) with 266
implants were included in the present cross-sectional
study after contemplating the exclusion criteria. During
follow-up, only five implants were lost in the present pop-
ulation. The patients’ mean age was 55.20 ± 10.62 years
(range 31–77 years, median 56 years), and the average
implant function time was 30.26 ± 17.86 months (2.52
years) (range 12–90 months, median 25 months). Over-
all, 10.1% of the patients had diabetes mellitus (7.89% of
implants), 7.07% osteoporosis (5.64% of implants), 17.17%
periodontitis (23.68% of implants), and 13.13% were smok-
ers (13.53% of implants).

3.1 Prevalence

At patient level, peri-implant mucositis and peri-
implantitis prevalence totaled to 49.5% and 15.15%,
respectively. At implant level, peri-implant mucositis
and peri-implantitis prevalence was 42.86% and 11.65%,

respectively. There were a total of five implant losses,
representing a survival rate of 98.15% (implant level) for
the present internal conical connection implant system.
Cross-tabulations of clinical parameters and MBL mea-

surements with the diagnoses are summarized in Table 1.
Multinomial logistic regression results are described in
Table S1.

3.2 Risk indicators

3.2.1 Patient-related indicators

Osteoporosis was significantly associated with the devel-
opment of both peri-implant diseases, being positively
associated with peri-implant mucositis (odds ratio [OR]
6.086; CI, 1.336–27.723; p = 0.020) and peri-implantitis
(OR 7.739; CI, 1.388–43.152; p = 0.020). Implants in older
patients appeared less likely to be associated with peri-
implant mucositis (OR 0.966; CI, 0.936–0.997; p = 0.029),
and implants in patients with uncontrolled diabetes mel-
litus were more likely to be associated with peri-implant
mucositis (OR 3.087; CI, 0.955–9.984; p = 0.060). Presence
or history of periodontitis showed a positive and significant
association to peri-implantitis (OR 2.736; CI, 1.112–6.735;
p = 0.029), as shown in Table 2.

3.2.2 Implant-related indicators

The implant prosthetic retention type showed an
association with both peri-implant diseases; thus,
cemented-retained prostheses were more likely to
present peri-implant mucositis (OR 3.810; CI, 1.698–8.548;
p = 0.001) and peri-implantitis (OR 10.119; CI, 2.430–
42.145; p = 0.001). Partial prostheses displayed a higher
association to peri-implant mucositis (OR 2.207; CI,
1.028–4.362; p = 0.045) and peri-implantitis (OR 12.348;
CI, 2.717–56.123; p = 0.001) when compared to unitary
prostheses. Total prostheses showed a higher association
to peri-implantitis (OR 19.864; CI, 4.212–93.692; p= 0.001).
In addition, peri-implantitis was positively associated
with implants with a diameter >3.75 mm (OR 3.638;
CI, 1.324–9.995; p = 0.012) and abutments presenting a
transmucosal height ≤1.5 mm (OR 3.393; CI, 1.379–8.349;
p = 0.008) (Table 2).

3.2.3 Maintenance/hygiene-related
indicators

The majority of the evaluated implants (71.80%) were
cleaned only by manual brushing, showing higher associ-
ation to peri-implant mucositis (OR 2.989; CI, 1.531–5.834;
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APAZA-BEDOYA et al. 5

TABLE 1 Cross-tabulations of clinical and radiographic assessments with diagnoses at implant level.

Healthy Peri-implant mucositis Peri-implantitis Total
Clinical parameters
BOP (n, %)
Absent 121 100% 3 2.63% 0 0% 124 46.62%
Present 0 0% 111 97.37% 31 100% 142 53.38%

SUPP (n, %)
Absent 121 100% 102 89.47% 26 83.87% 249 93.61%
Present 0 0% 12 10.53% 5 16.13% 17 6.39%

mPI (n, %)
0 53 43.80% 36 31.58% 6 19.35% 95 35.71%
1 30 24.79% 37 32.46% 5 16.13% 72 27.07%
2 24 19.83% 20 17.54% 3 9.68% 47 17.67%
3 14 11.57% 21 18.42% 17 54.84% 52 19.55%

KM (mm)
Mean, SD 3.06 ± 1.89 3.11 ± 1.90 3.52 ± 1.67 3.14 ± 1.87

PD (mm)
Mean, SD 2.77 ± 1.19 3.79 ± 1.75 4.23 ± 2.05 3.38 ± 1.66

PD (n, %)
<6 mm 119 98.3% 96 84.2% 21 67.7% 236 88.7%
≥6 mm 2 1.7% 18 15.8% 10 32.3% 30 11.3%

MR (mm)
Mean, SD 0.45 ± 0.80 0.52 ± 0.79 1.71 ± 1.58 0.63 ± 1.00

KM–PD
Mean, SD 0.40 ± 1.94 −0.23 ± 1.93 −0.84 ± 3.06 −0.2 ± 2.13

Radiographic assessment
MBL medial (mm)
Mean, SD −0.20 ± 1.65 −0.23 ± 1.32 −3.51 ± 1.05 −0.60 ± 1.79

MBL distal (mm)
Mean, SD −0.26 ± 1.51 −0.40 ± 1.26 −3.56 ± 1.26 −0.71 ± 1.72

Abbreviations: BOP, bleeding on probing; KM, keratinized mucosa; KM–PD, relationship between KM and PD; MBL, marginal bone loss; mPI, modified plaque
index; MR, marginal recession; PD, probing depth; SUPP, suppuration.

p = 0.001) and peri-implantitis (OR 5.018; CI, 1.959–12.853;
p= 0.001). Of the implants, 43.61% presented low difficulty
for daily cleaning, 22.93% presented medium difficulty,
and 33.46% high difficulty. The subset of implants with
high hygiene difficulty presented a positive significant cor-
relation to peri-implantitis compared to those with low
difficulty (OR 3.144; CI 1.086–9.106; p = 0.035).
Considering unitary implant-supported prostheses

(n = 95), the post hoc test revealed that the percentage
of healthy implants was higher for those that used den-
tal floss (86.54%, p = 0.0138). Meanwhile, for multiple
implant-supported prostheses (n = 171), peri-implant
mucositis was significantly higher when interdental
brushes were not used (p = 0.007). Peri-implantitis was
significantly higher when dental floss was not used
(p = 0.017), and healthy diagnosis was higher at implants

that were not cleaned with water flosser (52.2%, p = 0.003)
(Figure 1).

3.3 Clinical characteristics

A representation of clinical characteristics, central tenden-
cies, and diagnoses is showed in Figure 2. The logistic
regression model showed that plaque score 3 (mPI3) and
higher PD values were positively associated with peri-
implantmucositis (OR 3.27; CI, 1.338–8.004; p= 0.009; and
OR 1.643; CI, 1.262–2.141; p < 0.000) and peri-implantitis
(OR 1.525; CI, 3.682–73.233; p < 0.000; and OR 1.803; CI,
1.201–2.706; p = 0.004). Additionally, peri-implantitis was
associated with higher MR values (OR 2.612; CI, 1.607–
4.245; p < 000), KM values (OR 1.525; CI, 1.016–2.289;
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TABLE 2 Risk indicators significantly associated with
peri-implant diseases (adjusted regression at implant level).

Peri-implant mucositis
OR 95% CI p value

Age 0.966 (0.936–0.997) 0.029
Diabetes mellitus
No 3.087 (0.955–9.984) 0.060
Yes – – –

Osteoporosis
No – – –
Yes 6.086 (1.336–27.723) 0.020

Retention type
Cemented 3.810 (1.698–8.548) 0.001
Screwed – – –

Prostheses type
Unitary – – –
Partial 2.207 (1.028–4.362) 0.045

Peri-implantitis
OR 95% CI p value

Osteoporosis
No – – –
Yes 7.739 (1.388–43.152) 0.020

Periodontal disease
No – – –
Yes 2.736 (1.112–6.735) 0.029

Implant diameter
≤3.75 mm – – –
>3.75 mm 3.638 (1.324–9.995) 0.012

Abutment height
≤1.5 mm 3.393 (1.379–8.349) 0.008
>1.5 mm – – –

Retention type
Cemented 10.119 (2.430–42.145) 0.001
Screwed – – –

Prostheses type
Unitary – – –
Partial 12.348 (2.717–56.123) 0.001

Total 19.864 (4.212–93.692) 0.001

Abbreviation: OR, odds ratio.

p = 0.042), and lower scores of KM–PD (OR 0.634; CI,
0.431–70.933; p = 0.021).
The scatterplot matrix illustrates the trend toward peri-

implant diagnoses based on the relationship between a duo
of clinical characteristics (Figure 3). Thus, the matrix evi-
denced a tendency to peri-implantitis when crossing mPI3
with higher values of PD andMR (Figure 3b and c, column
1). Also, when higher PD scores were crossed with higher
levels of mPI or MR and lower KM–PD scores, a tendency
to peri-implantitis was observed (Figure 3b–d, column 1

with row b and column 3 with rows c & d, respectively).
MR lower scores indicated a tendency to health.MR values
appeared to be influenced to develop peri-implant mucosi-
tis by the effect of mPI, PD, and KM–PD scores (Figures 3c
and 4d, column 1 with row c, column 3with row c, and col-
umn 4 with row d, respectively). No marked trends were
identified at the intersection of KM with other clinical
parameters.

4 DISCUSSION

The present study aimed to assess the prevalence of peri-
implant diseases and identify possible risk indicators and
clinical characteristics for an internal conical connection
implant system on the medium term (i.e., 1 year > follow-
up < 5 years). At the patient level, peri-implant mucositis
and peri-implantitis prevalence totaled to 49.50% and
15.15%, respectively. Particular systemic, implant-related,
prosthetic, and hygiene-related indicators were signifi-
cantly associated with peri-implant diseases (Figure 4).
Peri-implant mucositis and peri-implantitis were associ-
ated with high mPI and PD scores. Also, peri-implantitis
was correlated with higher MR and lower KM–PD val-
ues. The scatterplot matrix revealed a tendency for plaque
index and MR to have a stronger influence on the other
clinical characteristics and consequently on peri-implant
diagnoses.
Prevalence of peri-implant diseases in similar two-piece

platform-switched conical connection implants were eval-
uated by other retrospective studies.9,14 Krebs et al.14
evaluated 274 implants applying various case definitions.
Considering the most similar definition with the present
study, they found a peri-implant mucositis prevalence of
43.8% (defined as MBL < 2.0 mm and + BOP) and 11.3%
for peri-implantitis (BL ≥2.0 mm and + BOP), which are
findings in accordance with our results. Moreover, Obreja
et al.9 evaluated in a larger population that peri-implant
mucositis (BOP and/or SUPP, increased PD values, and
absence of MBL) was present in 66.5% of the patients and
peri-implantitis (BOP and/or SUPP, increased PD values,
and MBL compared to the radiograph taken at final pros-
thesis placement) was present in 15.0% of the patients. The
aforementioned higher mucositis prevalence rate may be
explained by the longer follow-up time of the included
implants (9.36 ± 6.44 years) and the different case defini-
tion used for the diagnoses when compared to the present
study.
A consensus highlighted the limited existing evidence

reporting on systemic conditions as possible risk fac-
tors/indicators for peri-implantitis.1 The data of the
present study significantly associated osteoporosis with
both peri-implant diseases. Diabetes mellitus was also
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APAZA-BEDOYA et al. 7

F IGURE 1 Diagram depicting the use of additional methods to manual brushing for unitary and multiple prostheses and its statistically
significant differences (p < 0.05) among diagnoses (i.e., healthy, mucositis, and peri-implantitis). *p < 0.05.

significantly associated with peri-implant mucositis, but
not with peri-implantitis. A recent systematic review did
not find a significant association between peri-implantitis
and osteoporosis; however, diabetes was identified as a
risk factor (OR 2.5, 95% CI 1.4–4.5).25 Moreover, Monje
et al.26 established that diabetes was associated with
peri-implantitis, but not to peri-implant mucositis. The
aforementioned outcomes differ from our results. This
aspect could be related to the fact that the peri-implantitis
case definition of the aforementioned study included lower
MBL values (<2 mm) than those used for our diagnosis
(MBL ≤ 3 mm); consequently, this subset of patients was
reclassified as having peri-implantmucositis in the present
study.
Furthermore, our analysis found a significant associa-

tion between the presence or history of periodontal disease
and peri-implantitis. Accordingly, Ferreira et al.27 in a
meta-analysis affirmed that history of periodontitis was a
potential risk factor for the occurrence of peri-implantitis
(OR 1.74). In further agreement with the presented results,
recent findings from a study involving a similar implant
system demonstrated a significant association between
history of periodontitis and peri-implantitis (OR 5.33).9
Still, future studies should differentiate the effect of
history of periodontal disease versus active periodon-
tal disease on the onset and progression of peri-implant
diseases.
Considering risk indicators related to prosthetic fea-

tures, our data showed that cemented-retained prostheses
are associated with both peri-implant diseases’ preva-
lence, which is in accordance with earlier studies report-
ing similar associations.7,10,28 In fact, cement residues at

the implant fixture could provoke a pathological foreign
body reaction, which is a clinical implication that should
be considered when deciding on the most appropriate
prosthetic retention.28 While multiple partial prostheses
have possibly been associated with being a risk indica-
tor for peri-implant mucositis and peri-implantitis, full
arch prostheses have been associated with peri-implantitis
prevalence. Similar results have been also reported by
other clinical studies with longer follow-up.7,29 Likewise,
Dalago et al.10 also associated full-arch prostheses with
peri-implantitis; however, they failed in associating multi-
ple partial prostheses with peri-implant diseases. Full-arch
prostheses have artificial gums, which is a feature that pos-
sibly complicates hygiene and cleaning procedures, con-
sequently provoking the accumulation of biofilm, which
is one of the main etiological factors for peri-implant
diseases.1,4,22
Moreover, low-rise transmucosal abutment height

(≤1.5 mm) was significantly associated with peri-
implantitis prevalence. In fact, this prosthetic feature
shortens the distance between the restoration contour
and the subjacent peri-implant bone. Therefore, an inva-
sion of the peri-implant transmucosal biological space
might occur and provoke an inflammatory osteolytic
reaction. Accordingly, a systematic review concluded
that bone-level implants with a transmucosal height
greater than 2 mm presented reduced MBL during the
first year following abutment connection and for longer
post-loading periods.30 The aforementioned aspect has
important clinical implications for the proper selection
of abutment transmucosal height and for considering the
possible need of a soft tissue graft to increase the height,

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.23-0355 by T

ufts U
niversity, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 APAZA-BEDOYA et al.

F IGURE 2 Clinical characteristics and peri-implant conditions at implant level. Lines representing diagnoses were drawn according to
the mean of the characteristics. As the radius of the circle increases, the value also increases. Note that peri-implantitis (red line) is marked by
highest values of mPI, MR, PD, and KM and lowest value of KM–PD. KM, keratinized mucosa; KM–PD, relationship between KM and PD;
mPI, modified plaque index; MR, marginal recession; PD, probing depth.

thickness, and width of the peri-implant mucosa before
crown delivery.
Greater implant diameters (>3.75 mm) were also associ-

ated with peri-implantitis, this finding could be explained
from the assumption that larger diameters may provoke
diminished thickness at buccal and lingual bone walls.
Monje et al.31 previously established that when the peri-
implant buccal bone wall is <1.5 mm, a higher physiologic
and pathologic bone loss can be expected around dental
implants; however, the results of the present study cannot
confirm this assumption since buccal bone thickness was
not measured.
Regarding risk indicators related to peri-implant main-

tenance, our data associated peri-implantitis prevalence
with high hygiene difficulty, which can be related to var-
ious features such as implant/prosthetic characteristics or
patient cleaning skills.32 In fact, poor plaque control skills
have been listed as a possible risk indicator for both peri-
implant diseases.1,33 The present study revealed that the
exclusive use of manual toothbrushes was associated with
the prevalence of both peri-implant diseases, which is in
accordance with a previous study performed in an Aus-
tralian population.34 Moreover, the use of water flossers
was negatively associated with a healthy peri-implant sta-
tus. This finding could be explained by the fact that

water flossers are generally used by subjects with full-arch
prostheses where the artificial gum may limit access for
cleaning., Maintenance and appropriate hygiene seem to
be crucial for the long-term prognosis of dental implant
therapy.
Correlations between the diagnoses and BOP, SUPP, or

MBL were not analyzed as they were part of diagnostic
criteria. However, it is worth mentioning that BOP was
present at the majority of the evaluated implants (53.38%),
as previous studies also reported.14,15,35 SUPPwas observed
in just 6.39% of the evaluated implants (10.53% for mucosi-
tis and 16.13% for peri-implantitis). However, some studies
associated SUPP with peri-implantitis solely16,36 and have
established SUPP as an indicator of progressive MBL.17
A pre-established PD value as a diagnostic criterion in

the classification of peri-implant diseases is still a con-
troversial and debated aspect.22,37,38 However, our data
showed that higher PD valueswere significantly associated
with both peri-implant diseases, suggesting that higher
PD may disrupt the “barrier function” of peri-implant soft
tissues around conical connection implants, which could
trigger the progression of peri-implant diseases.15,16
Peri-implantitis has been defined as a plaque-associated

inflammatory condition around dental implants that
induces progressive peri-implant bone loss.12 Even
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APAZA-BEDOYA et al. 9

F IGURE 3 Scatterplot showing pairwise relationships between clinical characteristics in diagnosis datasets. Data for different diagnoses
are represented by different colors (healthy, green—peri-implant mucositis—yellow, peri-implantitis—red). Diagonally from top left to right,
the plots represent univariate distribution of data for the variable in that column. Other plots represent the pairwise scatterplots between the
two characteristics. KM, keratinized mucosa; KM–PD, relationship between KM and PD; mPI, modified plaque index; MR, marginal
recession; PD, probing depth.

though the presence of plaque was identified in healthy,
peri-implant mucositis, and peri-implantitis-diagnosed
implants, only high scores were significantly associated
with peri-implant diseases. Previously, other studies
failed to associate plaque with peri-implantitis;9,17 this
variance could be explained by their dichotomous eval-
uation, where plaque scores 1–3 were all considered as
“present.”
MR around dental implants was also significantly asso-

ciatedwith peri-implantitis. In further agreement,MRwas
associated with progressive bone loss,17 and other cross-

sectional studies also showed higher frequencies of peri-
implantitis at sites with mucosal dehiscence (>1 mm).9,15
Soft tissue dehiscence at implant sites could be in fact be
a major clinical aspect to consider. High MR values can
increase the implant thread exposure and consequently
plaque accumulation. Clinicians should contemplate the
possibility to perform soft tissue grafts at areas with
increased MR scores in order to avoid inflammation and
biofilm accumulation at implant sites.
The association between KM and peri-implant dis-

eases has been questioned in previous literature.18,39 Our
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10 APAZA-BEDOYA et al.

F IGURE 4 Schematic diagram summarizing patient-, implant-, and maintenance-related factors that were statistically significantly
associated with peri-implant mucositis and peri-implantitis. H:height.

data associated higher KM values with peri-implantitis.
However, it must be noted that KM mean values in all the
diagnostic subsets were higher than 3 mm and had very
low numerical differences between them. Moreover, the
scatterplot did not expose marked trends of KM crossed
with other clinical parameters. A possible limitation of the
present study could be that KMwidth scores were not eval-
uated at the lingual aspects; therefore, the absence of KM
at the aforementioned sites could be a factor that alters
the results, thus being a limitation in the presented out-
comes. Nonetheless, the relationship between KM and PD
scores might represent a more important clinical impli-
cation toward peri-implant disease progression. KM–PD
aims to represent the “protective” mucosa adhered around
the implant transmucosal circumference.40,41 Therefore,
negative values correspond to a numerical expression that
evidence PD or KM unbalance. Our findings revealed a
statistically significant association between lower KM–
PD values and peri-implantitis prevalence. Probably, if
the peri-implant-adhered mucosa is reduced, the chances
of pathogenic factors to invade peri-implant tissues can
be higher since the mucosal protective function will be
diminished.42
To the authors’ best knowledge, this is the first study that

analyzes the bivariate relationship between two clinical
characteristics and its trends to specific peri-implant diag-
noses in a scatterplot matrix. This analysis exposed that
parameters such as plaque index and MR had a stronger
influence on the other clinical characteristics and conse-
quently on peri-implant diagnoses. Biofilm accumulation

at implant surfaces is known as a causal factor for peri-
implant tissue inflammation and disease progression;1
however,MR at implant sitesmight also contribute to peri-
implantitis prevalence according to the presented results.
A possible explanation could be that soft tissue deficiencies
around dental implants can increase the chance for plaque
accumulation since the exposed rough implant body can
harvest bacterial colonization, inducing inflammation at
peri-implant soft tissues.22,43 It is still an area of future
research whether peri-implant phenotype modification
could counteract the progression of the disease.1,44
Among the limitations of the present study, the risk indi-

cator analyses should be interpreted carefully since the
highest OR and the wide CI are results of the high num-
ber of variables included for the analyses and the limited
sample size, which was calculated using 80% of confidence
level. Also, patient-related factors have been analyzed tak-
ing the implant as unit where interdependence of the
implant within the same patient was not included. Fur-
thermore, the nature of the present observational study
does not permit to conclude a cause–effect relationship of
the risk factors.45 In respect to clinical characteristics, our
results come from a pool of patients where no exclusion
criteria related to periodontitis, smoking habits, or dia-
betes were applied, which could have modified the clinical
parameters. Finally, the scatterplot has a subjective char-
acter because a stratified sample is required to statistically
demonstrate tendencies. However, the overview of clinical
characteristics and their pairwise interactions may boost
and encourage further investigations.
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APAZA-BEDOYA et al. 11

5 CONCLUSION

In the medium term, the prevalence of peri-implant
mucositis and peri-implantitis significantly corre-
lated with systemic diseases of the patients such as
osteoporosis, diabetes mellitus, and periodontitis. Pros-
thetic/implant features correlated to peri-implant diseases
were cemented-retained and multiple prostheses, greater
implant diameter, lower abutment transmucosal height,
and hygiene difficulty factors. Moreover, peri-implant
clinical characteristics such as plaque index and mucosal
recession scores were significantly associated with both
peri-implant diseases.

AUTH OR CONTRIBUT IONS
K.A.B., M.A.B., and C.A.M.B. contributed to the concep-
tion and design of the study. K.A.B., B.B.C., and M.A.B.
were involved in data collection. K.A.B., B.B.C., and
M.E.G.V. analyzed the data. K.A.B. and M.E.G.V., and
F.S. performed the data interpretation and drafted the
manuscript. C.A.M.B, M.A.B., and F.S. critically revised
the manuscript. All authors revised the manuscript and
approved the final version.

ACKNOWLEDGMENTS
The authors wish to kindly thank Daniela Takahachi, Fer-
nanda Castro, Thais Rime Romagna Ventre, Mario Esco-
bar, Edwin Ruales, Madalena Engler, Roberta Michels,
and other students of the participating postgraduate cen-
ters for their support during the data collection process.
The authors are also grateful to Professor Andrea Cristina,
Department of Informatics and Statistics of the Federal
University of Santa Catarina, for supervising the statisti-
cal analysis of this study and to Alexandre Koiyama for
the data analysis with Python. The authors also acknowl-
edge the financial support provided by the Coordination
for the Improvement of Higher Education Personnel
(CAPES/Brazil).

CONFL ICT OF INTEREST STATEMENT
The authors report no conflicts of interest related to this
study.

ORCID
MariaElisaGalarraga-Vinueza https://orcid.org/0000-
0002-4060-0444

REFERENCES
1. Schwarz F, Derks J, Monje A, Wang HL. Peri-implantitis. J

Periodontol. 2018;89:S267-S290.
2. Schwarz F, Alcoforado G, Guerrero A, et al. Peri-implantitis:

summary and consensus statements of group 3. The 6th EAO

consensus conference 2021. Clin Oral Implants Res. 2021;32:245-
253.

3. Galarraga-Vinueza ME, Obreja K, Ramanauskaite A, et al.
Macrophage polarization in peri-implantitis lesions. Clin Oral
Investig. 2021;25:2335-2344.

4. Galárraga-Vinueza ME, Tangl S, Bianchini M, et al. Histologi-
cal characteristics of advanced peri-implantitis bone defects in
humans. Int J Implant Dent. 2020;6:12.

5. Matarazzo F, Sabóia-Gomes R, Alves BES, de Oliveira RP,
Araújo MG. Prevalence, extent and severity of peri-implant dis-
eases. A cross-sectional study based on a university setting in
Brazil. J Periodontal Res. 2018;53:910-915.

6. Schwarz F, Becker K, Sahm N, Horstkemper T, Rousi K,
Becker J. The prevalence of peri-implant diseases for two-
piece implants with an internal tube-in-tube connection: a
cross-sectional analysis of 512 implants. Clin Oral Implants Res.
2017;28:24-28.

7. Romandini M, Lima C, Pedrinaci I, Araoz A, Soldini MC, Sanz
M. Prevalence and risk/protective indicators of peri-implant
diseases: a university-representative cross-sectional study. Clin
Oral Implants Res. 2021;32:112-122.

8. Lee CT, Huang YW, Zhu L, Weltman R. Prevalences of peri-
implantitis and peri-implant mucositis: systematic review and
meta-analysis. J Dent. 2017;62:1-12.

9. Obreja K, Ramanauskaite A, Begic A, et al. The prevalence of
peri-implant diseases around subcrestally placed implants: a
cross sectional study. Clin Oral Implants Res. 2021;32:702-710.

10. Dalago HR, Schuldt Filho G, Rodrigues MAP, Renvert S,
Bianchini MA. Risk indicators for peri-implantitis. A cross-
sectional study with 916 implants. Clin Oral Implants Res.
2017;28:144-150.

11. Caton JG, Armitage G, Berglundh T, et al. A new classifi-
cation scheme for periodontal and peri-implant diseases and
conditions—Introduction and key changes from the 1999 clas-
sification. J Clin Periodontol. 2018;45:S1-S8.

12. Berglundh T, Armitage G, Araujo MG, et al. Peri-implant dis-
eases and conditions: consensus report of workgroup 4 of
the 2017 world workshop on the classification of periodontal
and peri-Implant diseases and conditions. J Clin Periodontol.
2018;45:S286-S291.

13. Berglundh T, Jepsen S, Stadlinger B, Terheyden H. Peri-
implantitis and its prevention. Clin Oral Implants Res.
2019;30:150-155.

14. Krebs M, Kesar N, Begić A, Krockow N, Nentwig G, Weigl P.
Incidence and prevalence of peri-implantitis and peri-implant
mucositis 17 to 23 (18.9) years postimplant placement. Clin
Implant Dent Relat Res. 2019;21:1116-1123.

15. Romandini M, Lima C, Pedrinaci I, Araoz A, Costanza Soldini
M, Sanz M. Clinical signs, symptoms, perceptions, and impact
on quality of life in patients suffering from peri-implant dis-
eases: a university-representative cross-sectional study. Clin
Oral Implants Res. 2021;32:100-111.

16. Ramanauskaite A, Becker K, Schwarz F. Clinical characteris-
tics of peri-implant mucositis and peri-implantitis. Clin Oral
Implants Res. 2018;29:551-556.

17. Fransson C, Wennström J, Berglundh T. Clinical characteristics
at implants with a history of progressive bone loss. Clin Oral
Implants Res. 2008;19:142-147.

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.23-0355 by T

ufts U
niversity, W

iley O
nline L

ibrary on [17/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-4060-0444
https://orcid.org/0000-0002-4060-0444
https://orcid.org/0000-0002-4060-0444


12 APAZA-BEDOYA et al.

18. Monje A, Blasi G. Significance of keratinized mucosa/gingiva
on peri-implant and adjacent periodontal conditions in erratic
maintenance compliers. J Periodontol. 2019;90:445-453.

19. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP. The strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. PLoS Med. 2007;4:1623-1627.

20. Mombelli A, van Oosten MAC, jr Schürch E, NP Lang. The
microbiota associated with successful or failing osseointegrated
titanium implants. Oral Microbiol Immunol. 1987;2:145-151.

21. Bianchini M, Galarraga-Vinueza M, Bedoya K, Correa B, de
Souza Magini R, Schwarz F. Implantoplasty enhancing peri-
implant bone stability over a 3-year follow-up: a case series. Int
J Periodontics Restorative Dent. 2020;40:1-8.

22. Bianchini MA, Galarraga-Vinueza ME, Apaza-Bedoya K, De
Souza JM, Magini R, Schwarz F. Two to six-year disease reso-
lution and marginal bone stability rates of a modified resective-
implantoplasty therapy in 32 peri-implantitis cases.Clin Implant
Dent Relat Res. 2019;21:758-765.

23. Renvert S, Persson GR, Pirih FQ, Camargo PM. Peri-implant
health, peri-implant mucositis, and peri-implantitis: case def-
initions and diagnostic considerations. J Clin Periodontol.
2018;45:S278-285.

24. Sharpe D. Your chi-square test is statistically significant: now
what? Pract Assessment, Res Eval. 2015;20:1-10.

25. Dreyer H, Grischke J, Tiede C, et al. Epidemiology and risk fac-
tors of peri-implantitis: a systematic review. J Periodontal Res.
2018;53:657-681.

26. Monje A, Catena A, Borgnakke WS. Association between
diabetes mellitus/hyperglycaemia and peri-implant diseases:
systematic review and meta-analysis. J Clin Periodontol.
2017;44:636-648.

27. Ferreira SD,Martins CC, Amaral SA, et al. Periodontitis as a risk
factor for peri-implantitis: systematic review and meta-analysis
of observational studies. J Dent. 2018;79:1-10.

28. Linkevicius T, Puisys A, Vindasiute E, Linkeviciene L, Apse P.
Does residual cement around implant-supported restorations
cause peri-implant disease? a retrospective case analysis. Clin
Oral Implants Res. 2013;24:1179-1184.

29. Ahn DH, Kim HJ, Joo JY, Lee JY. Prevalence and risk factors of
peri-implant mucositis and peri-implantitis after at least 7 years
of loading. J Periodontal Implant Sci. 2019;49:397-405.

30. Chen Z, Lin CY, Li J, Wang HL, Yu H. Influence of abutment
height on peri-implant marginal bone loss: a systematic review
and meta-analysis. J Prosthet Dent. 2019;122:14-21.

31. Monje A, Chappuis V, Monje F, et al. The critical peri-implant
buccal bone wall thickness revisited: an experimental study in
the beagle dog. Int J OralMaxillofac Implants. 2019;34:1328-1336.

32. Serino G, Ström C. Peri-implantitis in partially edentulous
patients: association with inadequate plaque control. Clin Oral
Implants Res. 2009;20:169-174.

33. Renvert S, Polyzois I. Risk indicators for peri-implant mucositis:
a systematic literature review. J Clin Periodontol. 2015;42:S172-
S186.

34. Cheung MC, Hopcraft MS, Darby IB. Patient-reported oral
hygiene and implant outcomes in general dental practice. Aust
Dent J. 2021;66:49-60.

35. Ferreira CF, Buttendorf AR, de Souza JGO, Dalago H, Guenther
SF, Bianchini MA. Prevalence of peri-implant diseases: analyses
of associated factors. Eur J Prosthodont Restor Dent. 2015;23:199-
206.

36. Monje A, Vera M, Muñoz-Sanz A, Wang H, Nart J. Suppura-
tion as diagnostic criterium of peri-implantitis. J Periodontol.
2021;92:216-224.

37. Coli P, Christiaens V, Sennerby L, De BruynH, Reliability of
periodontal diagnostic tools for monitoring peri-implant health
and disease. Periodontol 2000. 2017;73:203-217.

38. Serino G, Turri A, Lang NP. Probing at implants with peri-
implantitis and its relation to clinical peri-implant bone loss.
Clin Oral Implants Res. 2013;24:91-95.

39. Canullo L, Penarrocha-Oltra D, Covani U, Botticelli D, Serino G,
Penarrocha M. Clinical and microbiological findings in patients
with peri-implantitis: a cross-sectional study.ClinOral Implants
Res. 2016;27:376-382.

40. Linkevic ̌ius T. Vertical soft tissuethickness. Linkevičius T. Zero
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