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Background: Along with the popularity of dental implants, implant esthetic complications are
y ]

also on the rise. Recently a classification was proposed to comprehensively evaluate these
— .

conditions, with the definition of peri-implant soft tissue dehiscence/deficiencies (PSTDs). The
—a =

aim of this article was therefore to test the inter-examiner agreement when utilizing the

established rubrics among 25 standardized cases and 34 clinicians of different skill levels.

Methods: Twe eriodontal residents, 12 general dentists, and 10 periodontists participated

in this 1l examiners were provided with photographs of 25 single PSTDs and asked to

rate all cases on the proposed classification at a single timepoint. Variance components
analysis was conducted with multilevel regression fit in a Bayesian framework to obtain
uncertainty intervals for fractional variance contributions and interclass correlation values

(ICC) to assess the agreement in the rating of all cases, among all examiners, different skill-level
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practitioners, and to compare their responses relative to the judgement of a gold standard
examiner.

Resultsmhe results showed reproducible and consistent responses among the 34
examiners, in each subgroup of skill-level, comparable to that of the gold examiner.
Neverthelntists and residents were more likely to agree with the response of the
gold st@dwiner in their assessments of class and subclass of the PSTDs.

Conclusiohroposed PSTD classification showed reproducible assessments among all
examinersffand Dgtween examiners of the same skill-level. The response of the gold standard

examiner e in line with the assessment of the periodontists and periodontal residents.

S
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1. Introﬁ

Dental implants have become a popular treatment modality for the replacement of missing

teeth, particularly in the recent years 1-3. The tremendous rise in the popularity of implants has
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also accompanied certain complications and adverse events +7. Among them, esthetic challenges

have rapidly become an emerging concern for clinicians and patients, especially given the rise in

patientWemands 8,9,

supporﬁdmmt is longer than its homologous contralateral tooth, or a combination of

pmplications can include discoloration of the peri-implant soft tissues, apical

plaft mucosal margin and exposure of the implant components, an implant-

these eveh}ughout the literature, and along with the increased prevalence of these

concerns, [differefit terminologies have been utilized for their description, such as “mucosal

» o« » o«

recession”, ssue dehiscence”, “midfacial recession”, “marginal soft tissue recession”, “soft

"

tissue def tc@o-16, In addition, for several years their incidence has been reported without a
uniform or stantard definition, and while studies have described surgical procedures for the
correctiorme adverse events, the lack of a uniform diagnostic system has prevented
comparis ng the proposed treatments options, or the outcomes of therapy 1% 14 16-18 A

soft tissué¥dehiscence has occasionally been described as the exposure of the prosthetic

abutment nt neck 1215 19, while others have utilized the homologous contralateral tooth
as referermconsidering a visibly longer implant crown as an esthetic concern 11 16, 20,
Furthermote, al studies investigating the treatment of implant esthetic complications often

lack in f the position of the dental implant relative to the bony housing (e.g. if
buccally displ and the height of the interproximal soft tissues, which are among the critical
param ing the treatment outcomes 5.

Our grouj!recently proposed a classification system for the description of these esthetic
challenges; g them collectively at clinically healthy implant sites, as peri-implant soft

deficiencies (PSTDs)?l. The goal of this classification was to formulate a

Ective diagnostic tool for clinicians and researchers and pave the way for
providﬂnendations towards treatment options, facilitating the decision-making
proces he specific type (class and subclass) of the PSTDs. Nevertheless, as with any
classificHading system, it is vital to assess the consistency of the application of its

proposed mherefore, the aim of the present study was to assess the reliability in the

applicatio classification, for classifying PSTDs at single implant sites in the esthetic zone

across gﬂge of dental practitioners with different skill levels and expertise.

2. Material and methods

2. 1 Study design and registration
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The present study was designed to test the reliability of the classification for facial PSTDs at
single implant sites 21, and the variation in the responses of different skill-level classes of

practitiMastly their comparison to that of a gold standard examiner.

Twenty-fized photographs of a variety of PSTD classes and subclasses were utilized
for this stuids® patients whose cases were utilized had provided their informed consent, and
the stuEy was approved by the University of Michigan Medical School Institutional
Review B BMED, HUMO00176741), in accordance with the Declaration of Helsinki of

1975, rev@okyo in 2013. The manuscript is also prepared following the EQUATOR
ds for Reporting Qualitative Research (SRQR)*.

92,

2.2 ClassiﬁcationSf facial peri-implant soft tissue dehiscence/deficiencies (PSTD)

guidelines

The classifigati n the types (classes and subclasses) of PSTDs is explained in detail in the
original r t21_In summary, a PSTD was defined as any complication which can manifest as
either an t mid-facial mucosal recession (apical shift of the peri-implant mucosal
margin), My of the implant component(s) through the mucosa (such as a noticeable
appear rayish color of the implant abutment), or even a discrepancy in the length of
an implan relative to its homologous natural tooth2l. Based on the position of the soft
tissue al) margin of the implant-supported crown in relation to the gingival margin of

the homologous natural tooth, a PSTD can be categorized into four classes (I, I, III or IV), and
further grauped into three subclasses (a, b or c¢) depending on the bucco-lingual position of the

implant fi ) on the height of the anatomical papillae, respectively. 2! Figure 1 summaries

the aboveed classification.
2.3 Assf Inter-rater reliability of the classification for PSTD

A total of thirty-four practitioners from different centers and different backgrounds/skill-levels

participated in this reliability study, including twelve general dentists (from a single center,

Department of Life, Health and Environmental Sciences, University of L’Aquila), twelve current
period idents (from the University of Michigan Department of Periodontics and Oral
Medicine, or, Michigan, Unites States), and ten American Academy of Periodontology

board-certified periodontists (based in Michigan, United States). All examiners were similarly
provided with the full text of the above-mentioned main publication explaining the PSTD

classification?1.
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Next, the examiners were provided with a series of slides (each slide containing a frontal and an
occlusal shot), each corresponding to a single case of a PSTD (25 in total) along with its
designanber, compiled without a specific order into a single document (Adobe
Acrobat Progfor Mac®©, version 2021.005.20058). The examiners were also distributed a pre-
designed containing the same corresponding case numbers per row, and the two
columni W”, and “Subclass”, which required their response according to the afore-
mentionedicriteria of the classification. Prior to the assessment of the distributed cases, the
examiners wergaprovided with clarification with regards to their task, or the rubrics of the
L)

classificati@n sys , if they inquired.

All clinica tographs had been obtained by a single photographer (L.T.), under standard

S

conditions and & shooting protocol (same setting and with a single camera; full-frame digital
single lens-reflexX§( DSLR) camera#, with electro-focus (EF) 100mm f/2.8L Macro Lens**, and

Macro Rin

U

1). Meticulous care was taken during the compilation and distribution of cases

to mainta e original standardized 1:1 ratio of all clinical photos, without adjustments to the

n

quality of res (brightness, contrast, color, etc.). None of the examiners had any prior

knowledg rovided cases, and in order to further reduce bias, no other information or

ided to the examiners, upon the initiation of their assessment.

d

guidance

Ample tim rovided to all examiners to accomplish this task without any time limitation.

The pr ns and distribution of all cases were performed by a single study team member

Y

who did not take part in the reliability assessment (L.T.).

Qr

2. 3 Inclus m gold standard examiner

A separate er, with knowledge of all 25 cases and expertise in periodontal and peri-

implant plastic surgery (G.Z.) who was part of the original conception of the PSTD classification,

q

but did nog take part in the reliability assessment, also rated all cases, to provide for the “true”

{

response of all cases. The aim was to assess whether a set of skill levels were more likely to

agree or disagreeWith the judgement of the gold standard, than others.

u

2. 4 Statisti lysis and Inter-rater agreement assessment

A

The gathered responses were first descriptively assessed for crude agreement between raters.
Next, similar to previous methodology?®, logistic variance components analysis was used to

decompose the variation in the individual parameters of the PSTD score into variance
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contributions for cases and for examiners. The analysis was conducted using multilevel
generalized linear regression, fit in a Bayesian framework to facilitate construction of
uncertans for fractional variance contributions and intraclass correlation values. The

analysis progd estimates of the variance explained by cases, examiners, and the variance that

is unexplaln le case variance reflects true differences among the cases. The examiner
variancg rWStematic differences among the examiners in item-level responses, e.g. if it is
inflated byflan examiner who is consistently more prone to endorsing certain items than the

others.

The intrachelation coefficient (ICC) was defined by dividing the variance from the cases

by the sunffoffarfances from all sources. It is desirable for this ICC to be high 23-25. The variance

S

contributioltTor*€xaminers should also be small, since it reflects systematic differences in rating
behaviors by different examiners. The analysis was conducted using a Bayesian approach to

obtain 95

4

le intervals (CI), with Z-scores to convey statistical significance.

1

To assess @greement with the gold standard examiner, a logistic variance components model

«

was fit wi ement” (Yes/No) as the dependent variable, random effects for case and

examinersyan d-effects for skill levels.

d

The an erformed by an author with experience in statistical analysis (S.B.) who had

not taken pa he reliability assessment, using a designated software#$+ and the following

\t

packag erTest 27, Rcpp 2830, brms 3% 32, arm 33, tidyr 33, and tidybayes 34 Box plots

were produced using the ggplot2 package 35.

3. Result

or

3.1 Genedal characteristics of the examined PSTDs and the overall reliability of the

Classifi

£

{

Twenty-fi of PSTDs (each in a single patient) were assessed by all thirty-four examiners

at a single point. Sixteen PSTDs were in the maxilla, while the remaining 9 cases were in the

U

mandible. Ten implants with PSTDs were in the lateral incisor position, seven in the central

incisor , five in the premolar area and three at the canine area. Twelve PSTDs were

characterize aving an implant-supported crown longer than the homologous tooth and an
exposure of the abutment or implant fixture at the same time. Nine implants displayed an

implant-supported crown longer than the homologous tooth (without exposure of the
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abutment/implant fixture), while four PSTDs were characterized by an exposure of the

abutment or implant fixture with an adequate length of the implant-supported crown.

Table 1winter-rater agreement for the examined cases per each class and subclass of
the PSTD . Overall, the classification showed consistency across all practitioners in
its use reld oI58th the assessment of class (ICC scores of approximately 0.9), and subclass

(Icc sc8te oximately 0.95).

[

3.2 Skill-huygroup assessment of the reliability in usage of the classification

Table 2 swe inter-rater agreement, in terms of ICC for each of the three skill-level

categories re 2 displays the distribution of the number of disagreements for each pair

of skill lev TD class and subclass. All examiners in their own categories seemed to agree
on the as t of the cases. All ICC scores were above 0.9 in all skill-level categories,
demonstrating a _high level of agreement among all practitioners when using the PSTD
classificati

3.3 As§f consistency in response of examiners with that of the gold standard
For ea 1, we began by calculating the crude proportion of disagreements with the

gold standard. Figure 3 shows the distribution of the percentage of the rate of agreement with
the gold sMexaminer, for PSTD class and subclass, per skill-level category of clinicians.
For the asse ent of the PSTD classes, from the total 850 observations (34 examiners for 25

cases), 76. w e responses of the general practitioners, 85% of the responses of periodontal

residents, % of the responses of the periodontists agreed with the rating of the gold
standard egaminer (Figure 3).

Table SMI presents the results of the analysis of agreement in PSTD classes with the

gold stand ponse, as per skill-level category of examiners, using a binomial mixed model
to accoun iner and case effects. Based on this model, we observed that periodontists
and period sidents were significantly less likely to disagree with the response of the gold

iners, than general practitioners. However, there was no statistical significance
when comparing the disagreement rates between residents and periodontists. Further, based
on the variance decomposition for examiners and cases, we observed that 93% of the variance

is attributable to cases with the remainder attributable to examiners.
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For the PSTD subclasses, the responses were vastly in line with the response of the gold
standar r. Such that from the 850 observations, there were only 8 instances in which

there was@ gieement with the response of the gold standard, 5 of which were by general

P

practitioné aminers and 5 cases), and 3 which occurred by residents (1 error per each of

the thr&8 ) (Figure 3).

Thus, as displaged by the results of the model (Table 3), the probability of a periodontist

disagreeing, wit e gold standard (or thereby making an “error”) was very small for PSTD

e

subclasses itionally, due to the very small number of errors for PSTD subclasses, it was not

possible t is€ally compare the error rates between skill-levels.

us

In general PSTD Class and Subclass assessments, it appeared that the highest rate of

Fl

agreementith the gold standard examiner was obtained by the periodontists, closely followed

by the p al residents (without significant differences), and then the general

practition€rs, statistical differences only for PSTD class, but not subclasses.

d

4. Discus

M

The present study aimed at evaluating the inter-rater reliability in the use of a novel

classificati@n for PSTDs among a series of operators with different skill levels and experiences,

[

as well as a arison of their response to that of the “true” assessment of a gold standard

examiner.

O

Several cl n systems have been proposed and validated in the field of periodontology

i

and im igtry 9 36-38, Relative to gingival recessions in natural dentition, the 2017 World
Works
interproxiE:hment levels, which yielded a high inter-rater agreement of 0.86 among

ted the classification proposed by Cairo and coworkers 3¢ based on the

{

operators essing 25 patients with gingival recessions 3¢. Similarly, in the present study,

we observed Scores of = 0.9 for both assessments of PSTD class and subclass among all 34
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The Root Coverage Esthetic Score (RES) 3740, which has been routinely utilized throughout the

literature 4146, is another validated classification system, used for professional esthetic

evaluati reatment of gingival recession defects. A study by Isaia and colleagues in
2018, v7 e d the inter-rater agreement in the application of RES among residents,
faculties, octoral dental students in a similar design to the present report. The authors

found @W and high ICC scores among the overall assessment of their three groups of
examinersysimilar to our research among general practitioners, periodontal residents, and
periodontisgs. Agaovelty from our study, however, was the inclusion of a gold standard examiner
who had Rnowledge of all cases, extensive experience in treating PSTDs, and was originally
involved ingheggonception of the utilized PSTD classification!¢. To the best of our knowledge,
such com o that of a single “true” response, is not commonly performed in reliability
assessmej’ field of periodontology. The merit of this additional component includes the
at asi

notion th rom evaluation of consistency and uniformity among the examiners, and in

the applic he proposed rubric, we can also analyze the “correctness” of their response.

Which is al§o one of the reasons why we utilized Bayesian multi-level regression models for the
inter-reliabili essment of this study (others being the heterogenous group of examiners,
ability to d@m ratings among different classes of examiners, and construction of uncertainty

intervals for the ICCs).

Indeed, despite observing an overall high rate of inter-rater agreement in the response of all 34

examinerxnd among each skill-level category, we noted that periodontists and periodontal

@
NG

treatment @

residents erally more likely to agree with the judgment of the gold standard examiner,

which wo umably be the true response. It is reasonable to assume that since the

Ds requires a certain level of training in periodontology or knowledge in
implarﬂ periodontists and residents would yield a closer and more correct
assess ases. It is also possible that general practitioners are less likely to encounter
such coHe to their wider scope of practice, potentially limiting their attention to the
presence ails. On the other hand, periodontal residents and periodontists would be
more inclizotice these concerns, as it relates to their main area of expertise and clinical

practice. Fo

ce, an important factor which can suggest treatment versus removal of an
PSTD, is the bucco-lingual positioning of the implant fixture, which is also the
main criteria for-determining the Class of the PSTD 48. The height of the interproximal soft
tissues is another crucial component dictating the surgical approach and the necessity of crown
removal 49. Therefore, it may be reasonable to assume that both periodontists and periodontal

residents would focus more on such details, which essentially defines the class and subclasses of
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the PSTD classification 16, and are also the main factors to consider prior to determining the

most suitable approach for the correction of the PSTD.

The proposification for a pathological or unesthetic condition is certainly not an easy

task to gccgmplish. A classification system should ideally include all possible manifestations of a
condition Sk.lile clustering them under simple and unequivocal categories. Next, we believe that
a classification ggstem should also be evaluated in terms of reliability (consistency in use) and

clinical sigificange (therapeutic outcomes). Our group introduced this classification scheme for

standardiziag diagnosis of PSTDs, and for providing recommendations for their treatment.
The prese showed a high level of agreement among all practitioners when identifying
the classe bclasses of PSTDs, demonstrating consistency in its use when identifying
these cas comparing the evaluations of all examiners with the gold standard, those
with more ignce in the field of periodontology and implant dentistry were found to have

more simifarities in their responses, and to that of the gold standard examiner. This indicates
that, altho present classification system was found reliable and reproducible among

different €xa s, a limited amount of training can be beneficial, for a more accurate

assess s, in particular as it relates to their treatment.
Nevertheless oticed that the response of periodontal residents to that of board-certified
period relative to the gold standard examiner did not differ significantly. Thus, even

a minimal training or background could be sufficient for an accurate assessment and diagnosis

of these csgitions. However, in light of the prognostic value of the proposed classification

system, fut dies are still needed and are currently underway to assess its predictability.
5. Conclus&s
Within ons of the current research, we conclude that the proposed classification for

facial periE soft tissue dehiscence/deficiencies (PSTDs) can bear reproducible results

among a number of clinicians and serve as a reliable tool for evaluating these

conditions. er, periodontists and periodontal residents were more likely to agree in their
to the response of the gold standard examiner, for the assessment of the class of
PSTD. The application of the introduced classification system can aid in standardized
assessment of peri-implant soft tissue dehiscence/deficiencies, and in a uniform comparison of

proposed treatments for these conditions, and therapeutic outcomes in clinical research.
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Table 1. In
each PSTD

agreement as measured by the intraclass correlation coefficient (ICC) for
d subclass, for all raters of all skill levels.
Table 2. Iner- agreement as measured by the intraclass correlation coefficient (ICC) for
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Table 3. M ed assessment of agreement to gold standard, for PSTD class and subclass.
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Figure 1. S ic representation of the PSTD classification?!.

Figure 2. D on of rater-pair disagreements by skill level for PSTD classes and subclasses.
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Figure 3. presenting the percentage of the rate of agreement for the examined cases

relativ ment of the gold standard examiner.
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Table 1. Inte agreement as measured by the intraclass correlation coefficient (ICC) for
each PSTD class and subclass, for all raters of all skill levels.
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95% Cls
Category ICC
(Lower, upper bound)
lE Class
e 0.907 0.718,0.993
I
s Two 0.992 0.963,0.999
O Three 0.995 0.975,0.999
Four 0.995 0.978,0.999
m Three/Four 0.993 0.973,0.999
P bclass
A 0.947 0.805, 0.999
m B 0.985 0.952,0.998
C 0.996 0.979,0.999
PST implant soft tissue dehiscence/deficiencies

, Intraclass correlation coefficient; CI, credible intervals

Table 2.1
each P

agreement as measured by the intraclass correlation coefficient (ICC) for
d subclass, for raters of each skill level.

uthor

" Periodontal _ _
General practitioners i Periodontists
Residents
ICC (95% Cls) ICC (95% Cls) ICC (95% Cls)

0.98 (0.92, 0.99)

0.99 (0.95, 0.99)
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0.96 (0.81, 0.99)



Two

Three

[=1
=

ript

PSTD Sabc

G

S

0.98 (0.90, 0.99)
0.97 (0.87, 0.99)
0.99 (0.95, 0.99)

0.99 (0.97, 0.99)

0.92 (0.69, 0.99)
0.98 (0.94, 0.99)

0.99 (0.97, 0.99)

0.97 (0.88, 0.99)
0.97 (0.88, 0.99)
0.98 (0.93,0.99)

0.98 (0.91, 0.99)

0.95 (0.77, 0.99)
0.98 (0.93, 0.99)

0.99 (0.95, 0.99)

0.98 (0.93,0.99)
0.97 (0.87,0.99)
0.99 (0.94, 0.99)

0.98 (0.94, 0.99)

0.96 (0.81, 0.99)
0.99 (0.97, 0.99)

0.99 (0.97, 0.99)

PSTD, per

ICC, intr

afl

Table 3. Mo

Category

r

t soft tissue dehiscence/deficiencies

relation coefficient; CI, credible intervals

ed assessment of agreement to gold standard, for PSTD class and subclass.

Model summaries

Estimate Std. Error  95% CI (LB,UB) Z-score
E@-level fixed effects
‘ Intercept -0.85 0.58 -2.02,0.25 -1.46
Skill-level: Periodontist -3.40 0.50 -4.44,-2.46 -6.8*
Class H
Skill-level: Resident -2.12 0.41 -2.99,-14 -5.17%*
avel random-effect standard deviations
Case 2.46 0.51 1.65, 3.63 4.82
Examiner 0.66 0.21 0.27,1.09 3.14
Population-level fixed effects
Subclass
Intercept -9.47 3.58 -18.70, -4.81 -2.64*
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Skill-level: Periodontist -40.37

Skill-level: Resident -0.99

{

up-level random-effect standard deviations

Case 3.03

P

= Examiner 3.59

44.40

2.67

1.81

241

-154.92,-2.44

-6.71, 4.09

0.73,7.97

0.66, 9.59

-0.909*

-0.37

1.67

1.48

0

CI, credible int , lower bound; UB, upper bound

* denotes statistical sighificance

C

uthor Manus

3

Figure 1. Sch
iciencies (PSTD) 21.
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c representation to summarize the classification on Peri-implant Soft Tissue
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Figure 2. Distribution of rater-pair disagreements by skill level for the 25 cases of PSTD classes
and subclasses. PSTD, Peri-implant Soft Tissue Dehiscence/deficiencies, GP, general
practitioners.
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Figure 3. Box plots presenting the proportion of the agreement for the examined cases relative

to the judgment of the gold standard examiner. PSTD, Peri-implant Soft Tissue

Dehisancies, GP, general practitioners.
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