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Abstract
Background: The purpose of this study was to evaluate the reliability and accu-
racy in the assignment of the case definitions of peri-implant health and diseases
according to the 2018 Classification of Periodontal and Peri-implant Diseases and
Conditions.
Methods: Ten undergraduate students, 10 general dentists, and 10 experts in
implant dentistry participated in this study. All examiners were provided with
clinical and radiographic documentation of 25 dental implants. Eleven out the
25 cases were also accompanied by baseline readings. Examiners were asked to
define all cases using the 2018 classification case definitions. Reliability among
examinerswas evaluated using the Fleiss kappa statistic. Accuracywas estimated
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using percentage of complete agreement and quadratic weighted kappa for
pairwise comparisons between each rater and a gold standard diagnosis.
Results: The Fleiss kappa was 0.50 (95% CI: 0.48 to 0.51) and themean quadratic
weighted kappa value was 0.544. Complete agreement with the gold standard
diagnosis was achieved in 59.8% of the cases. Expertise in implantology affected
accuracy positively (p < 0.001) while the absence of baseline readings affected it
negatively (p < 0.001).
Conclusion: Both reliability and accuracy in assigning case definitions to den-
tal implants according to the 2018 classification were mostly moderate. Some
difficulties arose in the presence of specific challenging scenarios.

KEYWORDS
classification, dental implants, diagnosis, disease, health, peri-implantitis, reproducibility of
results

1 INTRODUCTION

Patients who received implant-supported restorative ther-
apy may experience biological complications represented
by inflammatory conditions of the soft and hard peri-
implant tissues, induced by the bacterial biofilm.1,2 The
2018 Classification of Periodontal and Peri-implant Dis-
eases and Conditions proposed a new definition of these
pathologies, aiming at introducing a uniform classifica-
tion for peri-implant health, peri-implant mucositis, and
peri-implantitis.3,4 Indeed, the lack of consensus on the
diagnosis of peri-implant health and diseases resulted in a
huge heterogeneity in the reported prevalence rate of these
disorders and led to misdiagnosis and over- and under-
treatment of the disease.5 Moreover, peri-implant tissue
health status has been recently defined as an essential
outcome domain that should be captured in all implant
clinical trials, and the 2018 classification case definitions
have been used in the European Federation of Periodon-
tology guidelines to drive prevention and treatment of
peri-implant diseases.6,7
According to the 2018 classification, the distinction

between peri-implant health and peri-implant mucositis is
based on the presence or absence of the following: (1) clin-
ical signs of inflammation (e.g., gingival erythema, edema,
and changes in soft tissue consistency); (2) bleeding (BoP)
and/or suppuration (SoP) on gentle probing; and (3)
increased probing pocket depth (PD). Peri-implantitis—in
addition to the previous clinical signs of inflammation of
the mucosa—is characterized by radiographic evidence of
progressive bone loss.3,4 A secondary case definition was
proposed, in the absence of longitudinal data, that includes
bleeding on probing and/or suppuration on probing at ≥1
site, probing depth ≥6 mm, and bone level ≥3 mm.3,4
Aswith any classification system, it is critical to estimate

external validity of the 2018 classification case definitions

when applied in research and clinical practice in order
to prove they are exhaustive, non-ambiguous, simple, and
have high reproducibility.8 Recently, the reproducibility
of the 2018 classification case definitions of periodontitis
and of gingival recession defects and gingival phenotype
has been assessed.9–12 However, no previous study has
assessed the reproducibility of the new case definitions of
peri-implant health and diseases. Therefore, the purpose of
this survey was to evaluate the agreement between exam-
iners with different levels of education and expertise in
assigning the 2018 classification case definitions to dental
implants and their accuracy against a reference diagnosis.

2 MATERIALS ANDMETHODS

2.1 Study design

This investigation was designed to test the reliability of the
2018 classification case definitions of peri-implant health,
peri-implant mucositis, and peri-implantitis among three
groups of raters divided according to their level of edu-
cation and training in implantology.3,4 Additionally, the
examiners’ case definitions were compared to the refer-
ence diagnosis assigned by a gold standard examination to
estimate accuracy. Photographs, clinical, and radiographic
data of 25 implant cases were used for this study. The
study was prepared following the Guidelines for Reporting
Reliability and Agreement Studies (GRRAS).13

2.2 Ethical considerations

Anonymous and non-identifiable data collected from sub-
jects who received implant-supported restorative therapy
in the context of routine care at the Section of Peri-
odontology of Sapienza University of Rome were used in
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this study. Patients provided their informed consent. The
study protocol was approved by the Ethical Committee of
Sapienza University of Rome (#6973; 944/2022; approval
date: 07/12/2022), in accordance with the Declaration of
Helsinki of 1975, revised in 2013.

2.3 Examiners

A total of 30 participants from different levels of educa-
tion and training in implant dentistry were selected as
follows:

(a) Ten final year undergraduate dental students from
Sapienza University of Rome. They attended courses
in periodontology and implantology during their uni-
versity career.

(b) Ten general dentists, with at least 10 years of clini-
cal experience in general dentistry, who had graduated
from Sapienza University of Rome. They were clin-
icians whose practice is not limited to a specific
discipline and who are not certified by a recognized
specialty board.

(c) Ten experts in implant dentistry (R.G., F.G., L.L.,
M.M., L.N., M.R., N.M.S., M.S.T., F.D., A.P.) who are
active members of or certified by the Italian Society of
Periodontology and Implantology, whose expertise has
been recognized by peers.

The first group was recruited randomly from the stu-
dent roster, while the other two groups were selected at the
direct invitation of a study team member (L.M).
All examiners were informed about the purpose of the

study and their participation was voluntary.

2.4 Gold standard diagnosis

Two different examiners were designated (C.T. and Jan
Derks), from among the participants in Working Group 4
on the Classification of Peri-implant Diseases and Condi-
tions in the context of the 2017 World Workshop, to assign
the “true” diagnosis to all cases.3 They independently eval-
uated the 25 cases, and cases that were not uniformly
defined were discussed until a unanimous decision was
reached.

2.5 Clinical cases

The examiners were provided with a PDF document con-
taining 25 numbered slides. Each slide showed one dental
implant case, providing the following data needed for case
definition:

∙ time (years) from the delivery of the implant-supported
prosthetic reconstruction;

∙ probing depth (mm) measured at six sites per implant
with a manual periodontal probe* without removal of
the reconstruction;

∙ bleeding on probing (BoP) (no/yes) recorded at six sites
per implant within 15 s following probing;

∙ suppuration on probing (SoP) (no/yes) assessed at six
sites per implant within 15 s following pocket probing;

∙ two intraoral photographs (one buccal and the other
palatal/lingual) showing the clinical aspect of the dental
implant and the soft peri-implant tissues;

∙ a long cone, parallel technique, periapical radiograph of
the dental implant. To allow assessments of the bone
level, each radiograph was provided with a millimeter
ruler whose beginning was at the level of the most coro-
nal point of the intraosseous part of the implant. The
implant length was used for the ruler calibration.

Eleven out of the 25 cases were also accompanied by
baseline readings obtained from patient files, consisting of
the following:

∙ probing depth (mm) measured at six sites per implant
with a manual periodontal probe* at the time of super-
structure placement;

∙ a long cone, parallel technique, periapical radiograph of
the dental implant taken at 1 year after delivery of the
prosthetic restoration.

A representative example of case documentation is
shown in Figure 1.
All clinical measurements were performed by a sin-

gle calibrated investigator (L.M.) who was not involved
in the assessment of reliability. Similarly, intraoral pho-
tographs and radiographs were taken by clinicians other
than examiners.
The document including all 25 clinical cases is provided

as supporting information (Supplementary Material S1 in
the online Journal of Periodontology).

2.6 Assignment of case definitions

Prior to the distribution of the PDF document containing
the 25 cases for evaluation, the examiners were provided
with detailed information on the study procedures. More-
over, they were provided with two cases, not included
in the study, for explaining the case documentation and
evaluation modalities. In addition, they received a pre-
designed data collection sheet to record their diagnoses.

* PCP15 (Hu-Friedy, Chicago, IL, USA).
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4 MARINI et al.

F IGURE 1 Representative examples of documentation provided for each dental implant in presence (case 1) or in absence (case 2) of
baseline readings. PD, probing depth; BoP, bleeding on probing; SoP, suppuration on probing

None of the 30 participants were aware of the cases
prior to the evaluation, nor did they receive any other
information or guidance during the assessment.
Examiners assigned case definitions to dental implants

through direct (when longitudinal data were avail-
able) and/or indirect evidence according to the 2018
classification.3 They accomplished their task inde-
pendently and blindly to each other, from their own
workstations and without time limitations.
Additional training and calibration on 2018 classifica-

tion case definitions of peri-implant health and diseases
were intentionally not provided to examiners prior to the
study. However, during the assessments, all participants
were allowed to access a summary of the parameters for
case definition of each peri-implant health status, prepared

by a study team member (L.M). A summary is provided
as Supplementary Material S2 in the online Journal of
Periodontology.

2.7 Outcomes

Accuracy, defined as the reliability between the case defi-
nitions provided by each examiner and those assigned by
the gold standard diagnosis, was considered as the pri-
mary outcome. The secondary outcomes, considered as
potential explanatory outcomes, were (1) the reliability
among examiners (overall and by group) in defining peri-
implant health status; and (2) agreement with the gold
standard case definition in relation to the presence or

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.23-0129 by T

est, W
iley O

nline L
ibrary on [24/07/2023]. 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



MARINI et al. 5

absence of baseline readings and the education and clinical
experience of the examiners.

2.8 Data analysis

Continuous variables were described by means (± stan-
dard deviation) and categorical variables by frequency
distributions (percentage).
The reliability between each examiner and the gold stan-

dard was estimated by quadratic weighted kappa.14 The
inter-examiner reliability was evaluated using the Fleiss
kappa statistic.15
The kappa values have been interpreted as follows: poor

agreement = < 0.00; slight agreement = 0.00 to 0.20; fair
agreement = 0.21 to 0.40; moderate agreement = 0.41to
0.60; substantial agreement = 0.61to 0.80; and almost
perfect agreement = 0.81 to 1.00.16
Statistically significant differences between expected

and observed frequencies in complete agreement with the
reference diagnosis according to the examiner group and
the presence or absence of baseline readings were assessed
using the chi-squared test. The significance level (α) was
set at 0.05.
All analyses were performed using dedicated software†.

2.9 Sample size

The numbers of clinical cases required for kappa statis-
tics for two observers (each examiner vs. the gold stan-
dard diagnosis) and three categories (peri-implant health,
peri-implant mucositis, and peri-implantitis) were esti-
mated using the confidence interval perspective, using
the CI3Cats function of the kappaSize package for the R
environment for statistical computing‡.17 The anticipated
value of kappa was set at 0.50, the lower bound of the
95% CI was set at 0.20, and the upper bound at 0.80.
In addition, the anticipated prevalence of peri-implant
health, peri-implant mucositis, and peri-implantitis were
set at 0.30, 0.40, and 0.30, respectively. Using the above-
mentioned parameters, a minimum sample of 25 subjects
was necessary.
Since in reliability studies the number of clinical cases

has a much greater impact on consistency than the num-
ber of examiners,18 the sample of examiners was based on
generalizability and feasibility. Hence, according to com-
parable studies,9,19,20 30 evaluators (10 per group) were
included in this investigation.

† IBM SPSS Statistics (IBM SPSS Statistics for Macintosh, Version 25.0.
Armonk, NY: IBM Corp).
‡R: R Foundation for Statistical Computing, Vienna, Austria.

3 RESULTS

3.1 Descriptive characteristics of
implant cases

Twenty-five dental implants with a mean of 9.2 ± 5.9 years
from delivery of the implant-supported prosthetic recon-
struction were examined in the present study. The sample
consisted of 15 (60%) implants in the maxilla and 10 (40%)
in the mandible. Twenty-three (92%) implants were in
the posterior area, while two (8%) were in the anterior
area (canine-canine). The retention of suprastructure was
screw-retained in seven (28%) cases and cemented in 18
(72%) cases, while the design of the suprastructure was
single unit or multi-unit in 19 (76%) and six (24%) cases,
respectively. Eleven (44%) implants were provided with
baseline clinical and radiographic data.
According to the diagnosis made by the gold standard

examination, three (12%) implants were healthy, while 16
(64%) cases were affected by peri-implant mucositis and
six (24%) cases by peri-implantitis. Presence of bone loss
(≥0.5 mm) was identified in 18 (72%) cases.

3.2 Agreement with gold standard case
definitions

Table 1 provides the case definitions assigned by the
gold standard examination and the rationale for each
diagnosis.
Figure 2 shows the relative proportions of peri-implant

health, peri-implant mucositis, and peri-implantitis
assigned by examiners for every case along with the case
definitions provided by the gold standard diagnosis.
Values of quadratic weighted kappa for pairwise com-

parisons of each examiner against the gold standard are
presented in Table 2. The mean value of the quadratic
weighted kappa (k = 0.544) was interpreted as moder-
ate agreement. The frequencies and percentages of poor,
slight, fair, moderate, substantial, and almost perfect
agreements achieved by pairwise comparisons are shown
in Figure 3(A). The experts in implant dentistry were more
accurate than general dentists and undergraduate dental
students, with a higher percentage of examiners showing
substantial (40% vs. 20% and 10%, respectively) and almost
perfect (10% vs. 0% and 0%, respectively) agreement with
the gold standard.
Frequencies and percentages of complete agree-

ment with gold standard case definitions are shown in
Figure 3(B). Complete agreement with the gold standard
diagnosis was achieved in 59.8% of the cases. There was a
statistically significant difference in the ability to assign an
accurate case definition based on examiner education and
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8 MARINI et al.

F IGURE 2 Relative proportions of peri-implant health, peri-implant mucositis, and peri-implantitis assigned by examiners for every
case along with the case definitions provided by the gold standard examination

clinical experience. Indeed, implant experts performed
better than general dentists (69.2% vs. 58.0%, p = 0.009)
and undergraduate students (69.2% vs. 52.4%, p < 0.001).
Conversely, there was no significant difference between
general dentists and undergraduate dental students
(p = 0.208). Moreover, presence or absence of baseline
readings statistically significantly affected the possibility
of complete agreement with the gold standard diagnosis

(presence vs. absence of baseline readings, 65.1% vs. 55.7%;
p < 0.001) (Figure 3C).

3.3 Inter-examiner agreement

Table 3 presents the results of the Fleiss kappa statistic
relating to the agreement between the overall group of
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MARINI et al. 9

(A)

(B) (C)

F IGURE 3 (A) Percentages of poor, slight, fair, moderate, substantial, and almost perfect agreement achieved by pairwise comparisons
(gold standard vs. each examiner), for groups of examiners stratified by education and clinical experience (experts, general dentists,
undergraduate students) and for all examiners. (B,C) Frequencies and percentages of case definitions consistent with those of the gold
standard diagnosis, with significance assessed by the chi-squared test, according to the education and clinical experience of examiners (B) and
the presence or absence of baseline readings (C). *p < 0.05
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10 MARINI et al.

TABLE 2 Quadratic weighted kappa for pairwise comparisons
of each examiner against gold standard examiner (95% CIs).

Group
Examiner
number

Quadratic
weighted
kappa

95% CIs
(lower,
upper
bound)

Undergraduate
students

1 0.395 0.143, 0.646
2 0.454 0.225, 0.683
3 0.333 −0.010, 0.676
4 0.600 0.355, 0.846
5 0.455 0.190, 0.719
6 0.566 0.307, 0.825
7 0.417 0.163, 0.671
8 −0.007 −0.426, 0.412
9 0.510 0.272, 0.748
10 0.620 0.359, 0.880

General dentists 1 0.472 0.246, 0.697
2 0.560 0.290, 0.830
3 0.590 0.343, 0.837
4 0.488 0.240, 0.736
5 0.516 0.285, 0.747
6 0.606 0.380, 0.831
7 0.617 0.393, 0.841
8 0.500 0.254, 0.746
9 0.513 0.283, 0.743
10 0.654 0.373, 0.936

Experts 1 0.583 0.305, 0.861
2 0.558 0.325, 0.792
3 0.703 0.449, 0.957
4 0.532 0.296, 0.767
5 0.659 0.415, 0.903
6 0.581 0.342, 0.820
7 0.507 0.269, 0.744
8 0.727 0.521, 0.933
9 0.675 0.435, 0.915
10 0.941 0.826, 1.000

TABLE 3 Fleiss kappa statistics indicating the agreement
between the overall group of examiners and between each group of
observers.

Examiners Kappa
95% CIs (lower,
upper bound)

All 0.50 0.48, 0.51
Groups
Experts (n = 10) 0.52 0.48, 0.56
General dentists
(n = 10)

0.53 0.48, 0.57

Undergraduate
students (n = 10)

0.46 0.41, 0.50

examiners and between each group of observers (under-
graduate students, general dentists, and experts).
Inter-rater agreement was simply moderate (k = 0.50

[0.48, 0.51]), with similar results within the three groups
(undergraduate students: k= 0.46 [0.41, 0.50]; general den-
tists: k = 0.53 [0.48, 0.57]; and implant experts: k = 0.52
[0.48, 0.56]).
The kappa value was higher when cases were diag-

nosed by the gold standard examination as peri-implant
health (k = 0.81 [0.70, 0.91]) than when they were classi-
fied as peri-implant mucositis (k = 0.43 [0.31, 0.56]) and
peri-implantitis (k = 0.56 [0.25, 0.88]).
Furthermore, agreement among all examiners in the

presence or absence of baseline readings resulted in k
values of 0.48 (0.43, 0.52) and 0.47 (0.43, 0.50), respectively.

4 DISCUSSION

4.1 Main findings

Classifications should allow accurate and reproducible
definitions, as inconsistent assessment can generate seri-
ous consequences, including misdiagnosis and inappro-
priate treatment.21,22 Therefore, this study was of great
interest, as it aimed at assessing for the first time the reli-
ability and the accuracy in assigning the case definitions
of peri-implant health, peri-implant mucositis, and peri-
implantitis according to the 2018 classification. The main
findings of this study were the following: (1) the examiners
were accurate in just over half of the cases, mostly show-
ing moderate agreement with the gold standard diagnosis;
(2) accuracy was affected both by the presence/absence
of longitudinal data and by examiner training and clini-
cal experience; and (3) agreement among examiners was
moderate, with comparable results in each group.
With respect to the primary outcome, pairwise com-

parisons between each examiner and the gold standard
showed a mean quadratic weighted kappa value of 0.544.
This was interpreted as moderate agreement and it was
close to the expected value. Also with regard to the
accuracy of the diagnosis, the percentage of complete
agreement with the case definitions provided by the gold
standard examiners was 59.8%. Taken together, these data
seem to highlight the need for further clarification to
improve the accuracy of the diagnosis.
The experts in implant dentistry were themost accurate,

showing substantial agreement with the gold standard
diagnosis (mean quadratic weighted kappa value of 0.646)
and higher percentages of complete agreement with ref-
erence case definitions than the other groups (p < 0.001).
Conversely, undergraduate students and general dentists
would appear to benefit most from additional education
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MARINI et al. 11

and training. One of the undergraduate dental students
(#8) achieved a low negative kappa value (−0.007), which
was interpreted as “no agreement.” Moreover, it should
be noted that large negative kappa values could lead to
erroneous interpretations, results, and conclusions.23
In this study, accuracy was also affected by the absence

of longitudinal data. In fact, in caseswithout baseline read-
ings examiners were statistically significantly less accurate
(p < 0.001), confirming the importance of baseline read-
ings in the diagnosis of peri-implant diseases.24 However,
although cases with and without baseline readings were
included in this study in order to provide the examiner
with a more realistic situation in which the clinician is
confronted with both scenarios, these results should be
considered as exploratory because of the limited number
of dental implants for each type of case.
Concerning the consistency of diagnosis, the inter-

examiner agreement was moderate for all groups of raters
(experts, k = 0.52; general dentists, k = 0.53; and under-
graduate students, k = 0.46), both in cases with and
without baseline readings (in the presence of longitudi-
nal data, k = 0.48; in the absence of longitudinal data,
k = 0.47). Merli et al. previously assessed the inter-rater
agreement in the diagnosis of peri-implant disease accord-
ing to the definition of the 7th European Workshop on
Periodontology.25,26 In their study, the agreement between
three experienced examiners was substantial (Fleiss k-
statistic with square weight was 0.66). The higher reliabil-
ity with respect to the inter-examiner agreement obtained
by the dental implant experts participating in the present
survey could be justified not only by the differences in the
case definitions (7th European Workshop on Periodontol-
ogy vs. 2017 World Workshop), but also by the different
number of observers and themethod of examining the den-
tal implants (clinical examination vs. evaluation of clinical
and radiographic data).

4.2 Challenges in the determination of
case definition

Using the diagnostic criteria of the 2018 classification of
peri-implant health and disease case definitions, some
inconsistencies have emerged in the presence of specific
clinical conditions, even among experts. In particular, the
analysis of the results of this panel of examiners was
invaluable in highlighting the gray zones discussed in this
section where all participants showed reduced agreement
with the gold standard diagnosis.
A frequent clinical scenario has been the presence of

single or very limited positive sites for bleeding on prob-
ing in otherwise healthy implant cases. Strictly following
the guidelines, the presence of BoP can change the diagno-

sis from a healthy implant tomucositis. However, bleeding
at implant sites could often be the result of trauma rather
than inflammation, due to the mechanical fragility of the
peri-implant tissues. In addition to variations in probing
(amount of applied force, type of probe, and technique),
it could be influenced by various factors such as peri-
implant biofilm, host-related factors, and the design of the
implant-supported prosthesis.27 Furthermore, although
the presence of BoP at the implant site is associated with
a high negative predictive value and high sensitivity, 3 to
4 positive BoP sites were found to be the strongest pre-
dictor of advanced disease progression.28–30 Nevertheless,
non-dichotomous scales are recommended for classify-
ing BoP to improve accuracy in diagnosing inflammatory
conditions (e.g., mucositis or peri-implantitis) and better
discriminate between profuse bleeding (as required by case
definitions) and bleeding spots.31 In the present study, oth-
erwise healthy cases exhibiting only 1 to 2 sites positive for
bleeding were incorrectly considered healthy by the exam-
iners in 77.8% of cases, underestimating the presence of
peri-implant mucositis (e.g., cases number 8, 12, and 23).
In this regard, an international initiative aimed at devel-
oping a core outcome set and measurements for implant
dentistry clinical trials (ID-COSM) recently recommended
to discriminate between implants with a limited extent
of BoP (≤1 spot/implant, not line or profuse bleeding)—
which should be considered acceptable—and implants
with extensive BoP (≥2 spots/implant or ≥1 site/implant
with a line or profuse bleeding).6
Furthermore, in the present study, positive cases for PD

of ≥6 mm and bleeding, but exhibiting bone level equal
to 1 or 2 mm, in the absence of longitudinal data, led to
inconsistencies in the diagnosis due to the difficulty in dis-
criminating between mucositis and peri-implantitis (e.g.,
cases numbers 4, 10, 15 vs. 21, 22). In particular, implants
without baseline readings and with the aforementioned
clinical and radiographic signs were wrongly diagnosed as
having peri-implantitis by 65.5% of the examiners. How-
ever, in the absence of baseline readings, 3mmof bone loss
are required—along with PD of ≥6 mm and bleeding on
probing—to define cases of peri-implantitis according to
the 2018 classification. This threshold has been explained
because it is generally perceived that after implant place-
ment and initial loading, part of the crestal bone height is
lost (between 0.5 and 2 mm) during the healing process.
However, this definition showed low sensitivity, especially
for the early/incipient forms.24 Incipient cases could then
be left undiagnosed and untreated beyond the time they
would have needed less invasive treatment and show bet-
ter long-term outcomes.32 Therefore, a possible reduction
in the threshold for bone level (e.g., from ≥3 mm to
≥2 mm) in the absence of longitudinal data could be
considered.
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12 MARINI et al.

While not present within the sample of implants exam-
ined for this investigation, three further scenarios were
possible, which could have impaired reliability and accu-
racy among examiners.
First, incongruities and inaccuracies could arise in

implant cases exhibiting the presence of isolated clinical
and/or radiographic signs in different implant sites. For
example, this could include cases where an implant is pos-
itive for bleeding and negative for probing depth and bone
loss in the mesio-buccal aspect and at the same time neg-
ative for bleeding and positive for probing depth and bone
loss in the disto-palatal aspect. Indeed, these cases should
theoretically be diagnosed as peri-implantitis.
Second, the absence of bleeding combined with the

presence of one or both of the other parameters required
for secondary case definition (probing depth ≥6 mm and
bone level ≥3 mm) could have led to difficulties in assign-
ing the correct case definition using indirect evidence.
These situations, in fact, do not allow the diagnosis of
peri-implantitis or mucositis and should be considered
as peri-implant health in cases previously affected by
peri-implantitis or with deep mucous tunnel.
Finally, in cases displaying gingival recessions, negative

for PD≥ 6mm, but positive for BoP and bone level≥ 3mm,
diagnosis of peri-implantitis in the absence of longitudinal
data could not be made.

4.3 Supplementary factors affecting
reproducibility of peri-implant case
definitions

The 2018 classification of peri-implant health and diseases
encouraged a comprehensive examination including prob-
ing of peri-implant tissues and radiographic bone level
analysis, which are influenced by reliable assessment.
Further information regarding the reproducibility of the

PD33–41 and BoP26 measurement as well as the agreement
in bone level assessment on intraoral radiographs42–45
is available as Supplementary Material S3 in the online
Journal of Periodontology.

4.4 Limitations

Among the limitations of this research, it should be con-
sidered that the clinical and radiographic data to be
evaluated to define each implant case were not collected
by observers. Moreover, it should also be mentioned that
probing was performed by a single member of the study
team not involved in the reliability assessment without
removing the implant restorations.However, the aimof the
present studywas to assess the consistency and accuracy in

the assignment of the case definitions according to the 2018
classification rather than in the overall diagnostic process.
Furthermore, similar to comparable studies in this field,

intra-rater agreement was not assessed along with inter-
rater agreement.10,20 Therefore it is suggested to integrate
it in future investigations.
It should also be mentioned that no cases with adjacent

implants and other types of superstructureswere included.
Moreover, the brand and characteristics of implants were
not standardized. However, the latter aspect could have
provided a more realistic representation of clinical prac-
tice.
Finally, although in the agreement studies it is recom-

mended to determine the number of examiners based on
generalizability and feasibility,46 further studies on this
topic could also include a larger number of examiners.
Hence, the present research could represent a pilot to
test the accuracy and reproducibility among cross-cultural
clinicians on the diagnosis of peri-implant tissue health
status. Such participants to be included in future surveys
could also be randomly selected to account for bias.

5 CONCLUSIONS

In summary, both the reliability and accuracy in assigning
the case definitions of peri-implant health, peri-implant
mucositis, and peri-implantitis according to the 2018 classi-
fication were mostly moderate. Complete agreement with
the gold standard diagnosis was achieved in just over
half of the cases and was unfavorably affected by the
absence of longitudinal data and the lack of advanced
education and training in implant dentistry. Proper inter-
pretation of the presence of isolated sites with BoP/SoP
was a key element in discriminating, respectively, between
peri-implant health and peri-implant mucositis. Likewise,
the correct assessment of the radiographic bone level
was of paramount importance in distinguishing between
peri-implant mucositis and peri-implantitis.
The practical implication of this study may be to

consider refining the peri-implant tissue health case def-
inition criteria based on the aforementioned findings,
while strengthening their understanding by clinicians and
researchers.
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