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Abstract
Background: The aim of this study was to investigate the inter- and intra-
examiner agreement among international experts on the diagnosis of gingival
recession defects using the 2018 Classification of Gingival Recession Defects and
Gingival Phenotype as proposed in the 2017 World Workshop.
Methods: Standardized intraoral photographs from 28 gingival recession defects
were evaluated twice by 16 expert periodontists. Recession type (RT), recession
depth (RD), keratinized tissue width (KTW), gingival thickness (GT), detectabil-
ity of the cemento-enamel junction (CEJ), and presence of root steps (RS) were
recorded and used for the analysis. Intra- and inter-examiner agreements were
calculated for individual variables and for the overall classification. Intraclass
correlation coefficient with 95% CI was used for RD and KTW; Kappa with 95%
CI was used for GT, CEJ, and RS; quadratic weighted Kappa with 95% CI was
used for RT.
Results: Overall intra- and inter-examiner agreements were highest for KTW
(0.95 and 0.90), lowest for GT (0.75 and 0.41), with the other variables in between
(RD: 0.93 and 0.68, RS: 0.87 and 0.65, RT: 0.79 and 0.64, CEJ: 0.75 and 0.57).
Overall intra- and inter-examiner agreements for the matrix were 62% and 28%,
respectively. Significant effects existed between one variable’s measurement and
other variables’ agreements.
Conclusions: The 2018 Classification of Gingival Recession Defects and Gingi-
val Phenotype is clinically reproduceable within the examiners, and when the
variables forming the matrix are analyzed individually. The between-examiner
agreement for the completematrix showed lower reproducibility. The agreement
was highest for KTW and RD, and least for GT.

KEYWORDS
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1 INTRODUCTION

Diagnostic classifications are systematic arrangements
into categories according to established criteria; they
are indispensable in the medical fields for reproducible
diagnosis and subsequent treatment planning.1 In peri-
odontal plastic surgery, correct diagnosis of gingival reces-
sion defects (GRDs) is of crucial importance to define
the need for therapy, to choose among suitable treat-
ment approaches, and to monitor or predict longitudinal
changes of treated versus untreated sites. Standardized and
precise diagnosis is also a prerequisite for effective commu-
nication amongmultiple providers and for homogeneity of
data for research purposes.
Many diagnostic classifications of GRDs have been

proposed over the years.2–8 Among them, Miller’s clas-
sification system has been, since its publication in 1985,

the most emblematic in research and clinical practice for
decades.4 However, this classification system considers a
limited set of clinical variables (i.e., characteristics of the
gingiva at the site affected by a GRD) and does not account
for other relevant features, such as the root-surface
characteristics.4
The creation of a new classification may be a chal-

lenging task.1 Ideally, the final product should satisfy
the characteristics of suitable taxonomy described by
Murphy.9 A classification should prove usefulness by being
applicable for clinical use. It should be simultaneously
exhaustive and non-ambiguous, with each possible entity
accommodated into one and only one specific class or cat-
egory. Finally, it should be of simple use and with high
reproducibility.9,10
To overcome the limitations of previous systems, a

new classification for GRDs was proposed and approved
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PINI PRATO et al. 3

during the 2017 World Workshop on Periodontal and Peri-
implant Diseases and Conditions, and was subsequently
published in 2018.7 This classification, generally known
as the 2018 Classification of Gingival Recession Defects
and Gingival Phenotype, consists of a 4 × 5 matrix that
integrates the most relevant clinical variables from previ-
ous systems including: (i) recession defect-related features,
such as interproximal recession type (RT)6 and midfacial
recession depth (RD); (ii) local phenotypic characteris-
tics, such as gingival thickness (GT) and keratinized tissue
width (KTW); and (iii) and root surface attributes, such
as detectability of the cemento-enamel junction (CEJ) and
presence of non-carious cervical lesions.
Testing its external validity was encouraged in the

original publication of this new classification.7 Recent
research has already been conducted to explore the epi-
demiology of the new classification classes.11 Additionally,
commentaries have been published to highlight its fea-
tures and to instruct on its use in clinical and research
settings.10 However, to the best of our knowledge, no
study has investigated the diagnostic reproducibility of the
new classification. Furthermore, no information on the
agreement among periodontists using the new matrix is
available.
The use of photographs as a form of diagnostic imag-

ing has gained popularity for studies on measurement
repeatability and operator agreement. Studies have tested
the applicability of photographs to investigate gingival
esthetics11-13 but, within our knowledge, studies on the
diagnostic use of photographs never targeted the 2018
Classification of Gingival Recession Defects and Gingi-
val Phenotype. Therefore, the aim of this multicenter
study was to use a photographic model to investigate the
inter- and intra-examiner agreement on the assessment
and categorization of GRDs using the 2018 Classification
of Gingival Recession Defects and Gingival Phenotype
among international experts.

2 MATERIALS ANDMETHODS

Based on the features of the 2018 Classification of Gingi-
val RecessionDefects andGingival Phenotype proposed by
Cortellini and Bissada,7 a sample of 28 single GRDs from 17
patients treated in a private office setting (Florence 50121,
Italy) was selected for this inter- and intra-examiner repro-
ducibility study. The sample consisted of both maxillary
and mandibular teeth (nine incisors, nine cuspids, and 10
bicuspids). Due to the nature of this study, no ethical com-
mittee approval was required. All patients gave consent
for the use of intraoral photos for research purposes. This
study was conducted in accordance with the 1975 Helsinki
Declaration as revised in 2000, 2008, and 2013.

2.1 Inter- and intra-examiner
assessment

A group of 16 periodontists, from Europe, North America,
South America, and Asia, were invited to participate in
the study, namely Drs. E.P. Allen, S. Aroca, G. Avila-Ortiz,
P. Bouchard, F. Cairo, T. Chackartchi, P. Cortellini, R.
Di Gianfilippo, D. Franceschi, A. Mahajan, E.A. Mancini,
M.K. McGuire, T. Natsvlishvili, M.P. Santamaria, E.T.
Scheyer, and H-L. Wang. These individuals were selected
based on their clinical and/or research expertise on the
treatment of GRDs. Upon agreeing to participate in this
study, pre-established standard guidelines for the assess-
ment of GRDs were sent to all examiners. The process
of assessment and classification was performed in two
phases.
Phase 1
A PDF document containing the 28 cases of GRDs

selected for analysis was forwarded to the examiners. Each
GRD was presented using seven standardized intraoral
photographs (Figures 1 and 2). A combination of frontal
view and lateral view with a periodontal probe* was used
to aid on the assessment of the following parameters:

1. RT 1, 2, or 3 evaluated based on interproximal probing.6
2. RD in millimeters evaluated using the midfacial probe

as a reference.
3. GT (thin vs. thick) evaluated by tissue transparency

upon midfacial sulcus probing.
4. Keratinized tissue width (KTW) in millimeters mea-

sured using a midfacial probe running from the free
gingival margin to the mucogingival junction.

5. Integrity of the CEJ (A vs. B) evaluated with a frontal
and lateral view.5

6. Presence or absence of root steps (RS) deeper than 1mm
in the horizontal dimension (+ vs. -) evaluated with a
lateral view.5

The examiners were instructed to round the measure-
ments to the nearest 1.0 mm for RD and KTW. On the
PDF file, the examiners populated a data collection sheet
designed for this study to record information relative to
all the previously outlined parameters. After classifying all
sites, the answer sheet was submitted to the study’s central
registrar.
Phase 2
Two weeks after completion of phase I, all examiners

received a second PDF document and a new blank data
collection sheet. The new PDF document contained the
same group of 28 cases already screened by the raters but
sorted in another random order. Randomization of cases

* CP-15 UNC periodontal probe, Hu-Friedy, Chicago, Illinois.
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4 PINI PRATO et al.

F IGURE 1 Photographic documentation of a maxillary right canine illustrated with a series of seven intraoral images from a frontal and
lateral view, with and without a UNC-15 probe. Frontal image (A) was captured to provide an overview of the gingival recession defect. Mesial
(B) and distal (C) interproximal probing were used for calculation of the recession type. Midfacial position of the UNC-15 probe was used to
record the recession depth (D) measured from the cemento-enamel junction to the free gingival margin, gingival thickness (E) was evaluated
by tissue translucency at midfacial probing, and keratinized tissue width (F) was measured from the free gingival margin to the mucogingival
junction. Lateral view (G) of the gingival recession defect allowed measurement of the depth of the non-carious cervical lesion. Integrity of
the cemento-enamel junction was assessed at frontal and lateral view.

F IGURE 2 Photographic documentation of a mandibular right premolar illustrated with a series of seven intraoral images from a frontal
and lateral view, with and without a UNC-15 probe. Frontal image (A) was captured to provide an overview of the gingival recession defect.
Mesial (B) and distal (C) interproximal probing were used for calculation of the Recession Type. Midfacial position of the UNC-15 probe was
used to record the recession depth (D) measured from the cemento-enamel junction to the free gingival margin, gingival thickness (E) was
evaluated by tissue translucency at midfacial probing, and keratinized tissue width (F) was measured from the free gingival margin to the
mucogingival junction. Lateral view (G) of the gingival recession defect allowed measurement of the depth of the non-carious cervical lesion.
Integrity of the cemento-enamel junction was assessed at frontal and lateral view.
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PINI PRATO et al. 5

was performed with random/sort function using a spe-
cific software package.† As in phase I, the examiners were
invited to classify each one of the GRDs again. In addition,
the examiners were instructed not to look back to their
previous assessments.

2.2 Sample size calculation

The sample size for this study was calculated using the
method described byWalter et al.14 (i.e., agreement assess-
ment by the calculation of intraclass correlation [p]).
Taking into consideration 16 examiners, with a minimum
level of agreement (p0) between them of 0.80 and a p1 (i.e.,
alternative hypothesis) of 0.90 (with α= 0.05 and ß= 0.20),
at least 23 GRD were required.

2.3 Statistical analysis

Intra- and inter-examiner agreement was calculated via
intraclass correlation coefficients (ICC) with 95% confi-
dence intervals (95% CI) for quantitative variables (RD and
KTW). Kappa with 95% CI was used to calculate agree-
ment for qualitative nominal variables (GT, CEJ, and RS),
and quadratic weighted Kappa with 95% CI was used
to calculate agreement for RT, an ordinal variable. For
inter-examiner agreement, examiner #1 (F. Cairo)was con-
sidered the gold-standard. Kappa was also used to assess
intra- and inter-examiner agreement of RD and KTW
by allowing a tolerance of error of 1 mm for agreement
between the two measurements.
Mann-Whitney testwas used to verifywhether therewas

a significant difference between intra-and inter-examiner
agreement regarding PD and REC. Kruskal‒Wallis test
was used to assess the intra-and inter-examiner agreement
difference regarding GT, CEJ, and RS. We also verified
the overall inter- and intra-examiner agreement on the
complete matrix of the new classification (a composite of
the six clinical variables) using the Kappa coefficient. For
this analysis, we allowed a tolerance error of 1 mm for
RD and KTW, and we considered that there was agree-
ment only if the examiner agreed on all six variables at
the same time. We used the following categorization to
interpret Kappa values: poor agreement (<0.00); slight
agreement (0.00 to 0.20); fair agreement (0.21 to 0.40);
moderate agreement (0.41 to 0.60); substantial agreement
(0.61 to 0.80); and almost perfect agreement (0.81 to
1.00).15 ICC values were categorized as: poor agreement
(<0.5); moderate agreement (0.5 to 0.75); good agree-
ment (0.75 to 0.9); and excellent agreement (>0.90).16

†Microsoft Excel. Microsoft Office, Redmond, Washington.

Categorization of Kappa and ICC were displayed in heat
maps.
The effect of variables on the intra- and inter-operator

agreements were calculated with binary logistic regression
for nominal dichotomous variables (RS, CEJ, and GT) and
with ordinal logistic regression for ordinal (RT) or con-
tinuous (RD and KTW) variables. Multicollinearity was
verified with the variance inflation factor. Outliers were
verified byCooks’ distance and by the residuals (in the case
of binary logistic regression). ANOVA with Wald test was
conducted to verify the significance of the predictors (inde-
pendent variables) and for the main independent variable,
the coefficients of the standard deviation were reported,
as well as the odds ratio (OR), that indicates increase or
decrease in the chance of agreement, with the correspon-
dent p value. Analyses were carried out in a dedicated
software for statistical computing.‡ The significance level
of statistical tests was set at 5%.

3 RESULTS

The results of the two sets of measurements performed by
the 16 examiners are depicted below (Tables 1–4). Phase
1 was conducted between October and November 2021,
whereas phase 2 was performed between November and
December 2021.
Table 1 shows the intra-examiner agreement for all vari-

ables. Including the 16 different examiners, intra-examiner
reproducibility of RD and KTW was calculated with ICC
and ranged from 0.67 to 1.00 for RD, and from 0.63 to 1.00
for KTW. Intra-examiner agreement for GT, CEJ, and RS
was calculated with Kappa coefficient and ranged from
0.27 to 1.00 (GT), 0.27 to 1.00 (CEJ), and 0.55 to 1.00 (RS)
among the different examiners. Weighted Kappa was used
to assess intra-examiner agreement for RT and ranged
from 0.42 to 1.00 among the different examiners. Overall
intra-examiner agreement was 0.93 (95% CI, 0.92–0.94) for
RD; 0.95 (95% CI, 0.94–0.96) for KTW; 0.75 (95% CI, 0.68–
0.81) for GT; 0.75 (95% CI, 0.69–0.81) for CEJ; 0.87 (95%
CI, 0.82–0.92) for RS; and 0.79 (95% CI, 0.67–0.92) for RT.
Intra-examiner agreement was not significantly different
between RD and KTW (p = 0.06), nor between GT, CEJ,
and RS (p = 0.12).
When allowing a tolerance of error of 1 mm for RD

and KTW, intra-examiner agreement ranged from 0.86 to
1.00 for RD, and from 0.78 to 1.00 for KTW. Overall intra-
examiner agreement with a tolerance of 1mmwas 0.97 and
0.98 for RD and KTW, respectively (Table 2).
The overall intra-examiner agreement for the complete

matrix of the new classification (simultaneous agreement

‡ The open software R, version 4.1.1. RStudio (2021-08-10)
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6 PINI PRATO et al.

TABLE 1 Intra-examiner agreement for recession depth (RD), keratinized tissue width (KTW), gingival thickness (GT), cemento-enamel
junction detectability (CEJ), root step (RS) and recession type (RT) by operator

Examiner RD KTW GT CEJ RS RT
1 0.67 (0.38–0.83) 0.94 (0.88–0.97) 0.43 (0.06–0.79) 0.70 (0.47–0.92) 0.85 (0.66–1.00) 0.87 (0.72–1.00)
2 0.96 (0.93–0.98) 0.94 (0.88–0.97) 0.88 (0.67–1.00) 1.00 (1.00–1.00) 0.91 (0.75–1.00) 0.76 (0.38–1.00)
3 0.96 (0.93–0.98) 0.95 (0.90–0.97) 0.75 (0.48–1.00) 0.83 (0.59–1.00) 0.92 (0.78–1.00) 0.90 (0.74–1.00)
4 1.00 (1.00–1.00) 0.99 (0.98–0.99) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.92 (0.78–1.00) 1.00 (1.00–1.00)
5 0.93 (0.86–0.96) 0.97 (0.95–0.99) 0.76 (0.43–1.00) 0.45 (0.13–0.77) 0.79 (0.56–1.00) 0.49 (0.09–0.88)
6 0.92 (0.83–0.96) 0.97 (0.96–0.98) 0.83 (0.59–1.00) 0.64 (0.35–0.93) 0.79 (0.51–1.00) 1.00 (1.00–1.00)
7 0.94 (0.89–0.97) 0.99 (0.98–0.99) 1.00 (1.00–1.00) 0.46 (0.12–0.80) 0.89 (0.67–1.00) 0.73 (0.43–1.00)
8 0.93 (0.87–0.96) 0.97 (0.94–0.98) 1.00 (1.00–1.00) 0.36 (0.00–1.00) 0.84 (0.62–1.00) 0.71 (0.42–0.99)
9 0.94 (0.89–0.97) 0.88 (0.77–0.94) 0.65 (0.19–1.00) 0.29 (0.00–0.79) 0.55 (0.23–0.87) 0.71 (0.42–0.99)
10 0.92 (0.84–0.96) 0.96 (0.92–0.98) 0.84 (0.52–1.00) 0.93 (0.79–1.00) 0.92 (0.77–1.00) 0.87 (0.68–1.00)
11 0.93 (0.86–0.96) 0.99 (0.98–0.99) 0.89 (0.67–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.94 (0.69–1.00)
12 0.94 (0.89–0.97) 0.93 (0.87–0.96) 0.55 (0.24–0.87) 0.79 (0.51–1.00) 0.90 (0.71–1.00) 0.89 (0.71–1.00)
13 0.99 (0.98–0.99) 1.00 (1.00–1.00) 0.76 (0.43–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.96 (0.85–1.00)
14 0.89 (0.78–0.94) 0.96 (0.93–0.98) 0.43 (0.06–0.79) 0.85 (0.66–1.00) 0.70 (0.47–0.92) 0.42 (0.03–0.80)
15 0.94 (0.88–0.97) 0.63 (0.30–0.81) 0.27 (0.00–0.60) 0.70 (0.47–0.92) 1.00 (1.00–1.00) 0.71 (0.43–1.00)
16 0.87 (0.75–0.93) 0.94 (0.89–0.97) 0.48 (0.15–0.81) 0.27 (0.00–0.60) 0.84 (0.62–1.00) 0.42 (0.00–0.97)
Overall 0.93 (0.92–0.94) 0.95 (0.94–0.96) 0.75 (0.68–0.81) 0.75 (0.69–0.81) 0.87 (0.82–0.92) 0.79 (0.67–0.92)

Values are presented as ICC (95% CI) for RD and KTW, Kappa coefficient (95% CI) for GT, CEJ, and RS, and quadratic weighted Kappa (95% CI) for RT.
Abbreviations: CEJ, cemento-enamel junction; KTW, keratinized tissue width; GT, gingival thickness, RS, root step; RT, recession type.

of all six variables) when allowing a tolerance of error of 1
mm for RD and KTW was 61.6%, with a Kappa coefficient
of 0.23 (95% CI, 0.14–0.32).
Table 3 shows the inter-examiner agreement. Consid-

ering the agreement of the gold standard with the other
15 examiners, reproducibility of RD and KTW was calcu-
lated via ICC and ranged from 0.58 to 0.85 for RD, and
from 0.60 to 0.97 for KTW. Inter-examiner agreement for
GT, CEJ, and RSwas calculatedwith Kappa coefficient and
ranged from 0.05 to 0.89 (GT), 0.10 to 0.92 (CEJ), and 0.40
to 0.85 (RS) between the gold standard and the other exam-
iners. Weighted Kappa was used to assess inter-examiner
agreement for RT, ranging from 0.42 to 0.79. Overall inter-
examiner agreement was 0.68 (95% CI, 0.62–0.73) for RD
and 0.90 (95% CI, 0.87–0.92) for KTW. Inter-examiner
agreement was significantly higher for KTW than for RD
(p< 0.001). Further, overall inter-examiner agreement was
0.41 (95% CI, 0.31–0.51) for GT; 0.57 (95% CI, 0.49–0.65)
for CEJ; 0.65 (95% CI, 0.59–0.71) for RS; and 0.64 (95%
CI, 0.52–0.76) for RT. Intra-examiner agreement was not
significantly different between GT, CEJ, and RS (p = 0.33).
When allowing a tolerance of error of 1 mm for RD

and KTW, inter-examiner agreement ranged from 0.59 to
0.93 for RD, and from 0.72 to 1.00 for KTW. Overall inter-
examiner agreement with a tolerance of 1 mm was 0.78
(95% CI, 0.72–0.83) for RD and 0.96 (95% CI, 0.93–0.98) for
KTW (Table 4).

The overall inter-examiner agreement for the complete
matrix of the new classification (agreement of all six vari-
ables) when allowing a tolerance of error of 1 mm for RD
and KTWwas 27.9%, with a Kappa coefficient of -0.36 (95%
CI, -0.26 to 0.45).
Figures S1 and S2 depict the heat map of intra and

inter-examiner agreement for the six clinical variables (see
Figures S1 and S2 in online Journal of Periodontology).
The effect of a variable’s measurement on the other vari-

ables’ agreement was tested and marked as positive for
increased chance of agreement, or negative for decreased
chance of agreement. In the case of ordinal logistic regres-
sion, the inverse function was used as reported in the
Tables S1 and S2 (see Tables S1 and S2 in online Journal
of Periodontology).
A significant effect was noted for RD (mm) on the

intra-operator agreement of RT (positive p = 0.023) and
GT (positive, p = 0.032); for RT on the intra-operator
agreement of GT (negative, p < 0.001); for GT on the
intra-operator agreement of KTW (positive, p= 0.009); for
detectability of CEJ on the intra-operator agreement of RD
(positive, p < 0.001); and for detectability of CEJ on the
intra-operator agreement of RT (positive, p = 0.018) (see
Table S1 in online Journal of Periodontology). Further, there
was an effect of the operator in all cases, except when test-
ing the effect of CEJ in the agreement of RS, and in the
effect of RS in the agreement of CEJ.

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.22-0501 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [21/12/2022]. 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



PINI PRATO et al. 7

TABLE 2 Intra-examiner agreement for recession depth and
keratinized tissue width when allowing a tolerance of error of 1 mm
between the two measurements.

Examiner RD KTW
1 0.86 (0.66–1.00) 1.00 (1.00–1.00)
2 1.00 (1.00–1.00) 1.00 (1.00–1.00)
3 1.00 (1.00–1.00) 0.93 (0.79–1.00)
4 1.00 (1.00–1.00) 1.00 (1.00–1.00)
5 1.00 (1.00–1.00) 1.00 (1.00–1.00)
6 1.00 (1.00–1.00) 1.00 (1.00–1.00)
7 1.00 (1.00–1.00) 1.00 (1.00–1.00)
8 0.93 (0.79–1.00) 1.00 (1.00–1.00)
9 1.00 (1.00–1.00) 1.00 (1.00–1.00)
10 0.93 (0.79–1.00) 1.00 (1.00–1.00)
11 1.00 (1.00–1.00) 1.00 (1.00–1.00)
12 1.00 (1.00–1.00) 1.00 (1.00–1.00)
13 1.00 (1.00–1.00) 1.00 (1.00–1.00)
14 0.93 (0.79–1.00) 1.00 (1.00–1.00)
15 1.00 (1.00–1.00) 0.78 (0.56–1.00)
16 0.86 (0.66–1.00) 0.93 (0.79–1.00)
Overall 0.97 (0.95–0.99) 0.98 (0.96–0.99)

Values are presented as Kappa coefficient (95% CI).
Abbreviations: KTW, keratinized tissue width, RT, recession type.

A statistically significant effect was noted for RD (mm)
on the inter-operator agreement of RT (positive, p< 0.001);
for KTW on the inter-operator agreement of RD (positive,
p = 0.007); for RT on the inter-operator agreement of RD
(positive, p< 0.001) andGT (negative, p= 0.033); forGT on
the inter-operator agreement of KTW (positive, p = 0.02);
for detectability of CEJ on the inter-operator agreement of
RD (positive, p < 0.001), RT (positive, p = 0.001), and RS
(positive, p=0.037); and forRS on the inter-operator agree-
ment of RT (negative, p= 0.004), RD (negative, p= 0.001),
and CEJ (negative, p = 0.021) (see Table S2 in online Jour-
nal of Periodontology). Further, there was an effect of the
operator in all cases, except when testing the effect of CEJ
in the agreement of RT and RS, and in the effect of RS in
the agreement of CEJ.

4 DISCUSSION

To our knowledge, this is the first study to assess the inter-
and intra-examiner agreement (i.e., reproducibility) for
the categorization of GRDs using the 2018 Classification
of Gingival Recession Defects and Gingival Phenotype,7
based on the perspective of 16 international expert peri-
odontists.

4.1 Intra- and inter-examiner
agreement

With respect to the intra-examiner agreement assess-
ments of all 16 examiners, these ranged from moderate
to excellent/almost perfect for RD, KTW, RS, and RT. In
contrast, reproducibility varied widely for GT and CEJ,
with a range from fair to almost perfect. The overall intra-
examiner agreement varied from substantial (GT, CEJ,
and RT) to almost perfect (RD, KTW, and RS), but with-
out significant differences between these variables (p >

0.05).With respect to the inter-examiner agreement assess-
ments, when the gold-standard examiner was compared
with the other 15 raters, these ranged from slight to almost
perfect for GT and CEJ, fair to almost perfect for RS, mod-
erate to good/substantial for RD and RT and moderate
to excellent for KTW. The overall inter-examiner agree-
ment varied from moderate (GT, RD, CEJ) to good (RS,
KTW, and RT). A superior level of inter-examiner agree-
mentwas detected forKTWcomparedwithRD (p< 0.001).
It has to be mentioned that RT was estimated based on
interproximal probing depth and visual assessment of the
papilla height in relation to the adjacent crowns. Probing
depth could have beenmisleading for determining clinical
attachment level when the gingival margin was coronal to
the CEJ, and this could have negatively impacted the inter-
examiner agreement of RT. Despite that, the repeatability
of RT was substantial for both intra- and inter-examiner
agreements (0.79 and 0.64, respectively).
Interestingly, statistically significant effects existed

between variable measurements and agreements. Among
the most notable, detectability of the CEJ improved the
agreements for RD (both intra- and inter-). This stresses
the importance of a detectable CEJ for accurate mea-
surement of RD and its root-coverage surrogates. Also,
detectability of CEJ positively related with agreements for
RT (both intra- and inter-) that is an important variable
to consider during the screening/enrollment phases of
clinical studies as well as for communication of realistic
expectations of root coverage in clinical settings. The
presence of RS negatively affected the agreement of RD
and CEJ. This was expected considering that a noncari-
ous cervical lesion damages the surface of a midbuccal
recession and often changes the anatomy of the CEJ.
GT positively related with agreements of KTW (both
intra- and inter-) so that thicker gingiva allowed clearer
identification and more repeatable measurement of the
anatomical landmarks used for measurement of KTW.
Similarly, KTW affected the inter-examiner repeatability
of RD as they both share the free gingival margin as a
common anatomical landmark. Double-arrow positive
interaction was noted for recession-related variables
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8 PINI PRATO et al.

TABLE 3 Inter-examiner agreement for recession depth (RD), keratinized tissue width (KTW), gingival thickness (GT), cemento-enamel
junction detectability (CEJ), root step (RS), and recession type (RT) by gold standard (examiner #1) versus other examiners.

Examiner RD KTW GT CEJ RS RT
1 vs. 2 0.85 (0.71–0.92) 0.60 (0.29–0.81) 0.58 (0.19–0.96) 0.68 (0.39–0.97) 0.70 (0.44–0.97) 0.54 (0.21–0.87)
1 vs. 3 0.72 (0.47–0.85) 0.96 (0.92–0.98) 0.49 (0.12–0.85) 0.68 (0.39–0.97) 0.85 (0.66–1.00) 0.75 (0.53–0.97)
1 vs. 4 0.77 (0.57–0.88) 0.97 (0.94–0.98) 0.89 (0.67–1.00) 0.84 (0.63–1.00) 0.78 (0.54–1.00) 0.79 (0.60–0.98)
1 vs. 5 0.62 (0.18–0.82) 0.95 (0.90–0.97) 0.66 (0.29–1.00) 0.51 (0.22–0.80) 0.50 (0.18–0.82) 0.54 (0.08–0.99)
1 vs. 6 0.71 (0.40–0.85) 0.95 (0.91–0.98) 0.70 (0.37–1.00) 0.56 (0.25–0.97) 0.79 (0.24–0.87) 0.54 (0.08–0.99)
1 vs. 7 0.78 (0.58–0.88) 0.96 (0.92–0.98) 0.79 (0.50–1.00) 0.36 (0.00–0.73) 0.40 (0.05–0.75) 0.71 (0.41–1.00)
1 vs. 8 0.66 (0.35–0.82) 0.94 (0.86–0.97) 0.40 (0.05–0.75) 0.10 (0.00–0.55) 0.78 (0.54–1.00) 0.75 (0.52–0.98)
1 vs. 9 0.77 (0.57–0.88) 0.63 (0.30–0.81) 0.49 (0.12–0.85) 0.51 (0.22–0.80) 0.68 (0.39–0.97) 0.54 (0.21–0.87)
1 vs 10 0.72 (0.47–0.85) 0.89 (0.80–0.94) 0.61 (0.19–1.00) 0.71 (0.44–0.97) 0.85 (0.66–1.00) 0.75 (0.52–0.98)
1 vs. 11 0.66 (0.37–0.82) 0.94 (0.89–0.97) 0.66 (0.29–1.00) 0.92 (0.78–1.00) 0.56 (0.24–0.87) 0.59 (0.19–1.00)
1 vs. 12 0.74 (0.51–0.86) 0.88 (0.77–0.94) 0.37 (0.01–0.74) 0.56 (0.26–0.97) 0.48 (0.14–0.81) 0.76 (0.56–0.96)
1 vs. 13 0.75 (0.52–0.87) 0.95 (0.91–0.97) 0.75 (0.43–1.00) 0.70 (0.42–0.97) 0.63 (0.33–0.92) 0.60 (0.31–0.89)
1 vs. 14 0.66 (0.36–0.82) 0.88 (0.63–0.95) 0.58 (0.19–0.96) 0.77 (0.53–1.00) 0.56 (0.24–0.87) 0.61 (0.21–1.00)
1 vs. 15 0.59 (0.09–0.79) 0.74 (0.39–0.87) 0.05 (0.00–0.33) 0.76 (0.38–0.93) 0.71 (0.44–0.97) 0.68 (0.39–0.98)
1 vs. 16 0.58 (0.20–0.78) 0.96 (0.92–0.98) 0.43 (0.06–0.79) 0.17 (0.00–0.58) 0.71 (0.44–0.97) 0.42 (0.12–0.72)
Overall 0.68 (0.62–0.73) 0.90 (0.87–0.92) 0.41 (0.31–0.51) 0.57 (0.49–0.65) 0.65 (0.59–0.71) 0.64 (0.52–0.76)

Values were presented as ICC (95% CI) for RD and KTW, Kappa coefficient for GT, CEJ, and RS, and quadratic weighted Kappa for RT.
Abbreviations: CEJ, cemento-enamel junction; KTW, keratinized tissue width; GT, gingival thickness, RS, root step; RT, recession type.

TABLE 4 Inter-examiner agreement for recession depth and
keratinized tissue width when allowing a tolerance of error of 1 mm
between the two measurements

Examiner RD KTW
1 vs. 2 0.93 (0.79–1.00) 0.72 (0.46–0.97)
1 vs. 3 0.79 (0.56–1.00) 1.00 (1.00–1.00)
1 vs. 4 0.86 (0.66–1.00) 1.00 (1.00–1.00)
1 vs. 5 0.72 (0.47–0.97) 1.00 (1.00–1.00)
1 vs. 6 0.79 (0.56–1.00) 1.00 (1.00–1.00)
1 vs. 7 0.93 (0.79–1.00) 1.00 (1.00–1.00)
1 vs. 8 0.71 (0.45–0.97) 1.00 (1.00–1.00)
1 vs. 9 0.72 (0.46–0.97) 1.00 (1.00–1.00)
1 vs. 10 0.84 (0.64–1.00) 0.93 (0.79–1.00)
1 vs. 11 0.72 (0.46–0.97) 1.00 (1.00–1.00)
1 vs. 12 0.85 (0.66–1.00) 0.93 (0.79–1.00)
1 vs. 13 0.85 (0.66–1.00) 1.00 (1.00–1.00)
1 vs. 14 0.71 (0.45–0.97) 0.79 (0.57–1.00)
1 vs. 15 0.59 (0.30–0.89) 1.00 (1.00–1.00)
1 vs. 16 0.71 (0.45–0.97) 1.00 (1.00–1.00)
Overall 0.78 (0.72–0.83) 0.96 (0.93–0.98)

Values are presented as Kappa coefficient (95% CI).
Abbreviations: KTW, keratinized tissue width, RD, recession depth.

(RD and RT). RD measurement positively associated
with RT agreements (both intra- and inter-); and RT
measurement positively associated with RD agreements

(only inter-). It seems that more challenging cases for
deeper RD or loss of interproximal attachment present
higher repeatability of diagnosis, as opposed to recessions
with shallower RD and RT1 that offer more ambiguity
in the diagnostic process. Finally, RT negatively affected
the repeatability of GT at both intra- and inter-operator
agreement. RT1 recessions presented a gingival phe-
notype that was more consistently categorized either
as thin or as thick; on the other hand, RT2 and three
recessions presented more challenges for the catego-
rization of the gingival phenotype. These findings, valid
within the studied population, have to be validated by
futures studies using both photographic and chairside
measurements.
It is important to highlight that the proper assessment

and analysis of GRD characteristics is one of three essen-
tial pillars for the effective management of these clinical
entities,8,10 together with a proper identification of the eti-
ologic agent(s) associated with the onset and progression
of the defect and the selection of the most appropriate
treatment option(s).8 The use of proper diagnostic and
classification tools may reduce the occurrence of errors
and the introduction of ‘treatment biases’ (i.e., errors that
lead to a deviation from the true intervention effect) which
may lead to a ‘downhill’ cascade of events (e.g., an inaccu-
rate diagnosis thatmight lead to an incorrect interpretation
of the evidence, inadequate formulation of a treatment
plan, and erroneous treatment).17
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PINI PRATO et al. 9

4.2 Challenges in the determination of
the gingival phenotype

Remarkably, evaluation of the gingival phenotype dis-
played both the “worst” and “best” inter- and intra-
examiner agreements. Although KTW may be simply and
precisely determined with a linear measurement using a
periodontal probe or a caliper, the accurate appraisal of
GT can be a challenge in clinical practice.8 With respect
to the low inter- and intra-examiner agreements for GT,
this might be explained by the methods used to evalu-
ate this outcome variable. In the present study, GT was
assessed in a dichotomous fashion by midfacial transmu-
cosal probe visibility, as shown in Figures 1 and 2. While
this assessment method was endorsed in the 2017 World
Workshop for its simplicity and relatively high repro-
ducibility (≈80%),18 based on the findings of this study
this notion may be questionable. Previous research has
shown that transgingival probing (as known as transmu-
cosal bone sounding) is a simple, precise, and reproducible
methods for GT evaluation.19–21 However, its use is limited
due to its invasiveness, which often requires local anes-
thesia. Direct administration of local anesthesia is also not
ideal due to the temporary increase in GT induced by the
injected fluid; therefore, application of topical anesthet-
ics is usually recommended. In addition, because the unit
measurement of a periodontal probe is 1 mm, precise esti-
mation of values smaller than 1 mm requires the use of
other instruments (e.g., endodontic file or reamer with
a silicon stopper) instead of a conventional periodontal
probe. The measured value could result in an underesti-
mation in case of excessive friction of the silicon stopper
on the surface of the instrument during transgingival prob-
ing, or overestimation if the silicon stopper is pushed
away during the recording. Other methods, such as linear
digital imaging evaluation of cone-beam computed tomog-
raphy in combination with standard tessellation language
files, non-ionizing ultrasonography, and optical coherence
tomography may be used as reliable alternative methods
to measure GT.8,22 Research is currently ongoing to define
the advantages, limitations and cost/benefits for the use of
advanced imaging technology in plastic surgery, as well as
to understand if these advanced technologies will modify
current treatment protocols.8,22

4.3 Development of the 2018
Classification of Gingival Recessions and
Gingival Phenotype

The 1985 classification by P.D. Miller4 has been widely
acknowledged as a useful, clinically oriented and repro-
duceable tool for clinical practice for decades. However,

multiple drawbacks related to its application in the con-
text of modern periodontology raised the need for a more
comprehensive classification system.1,10 The possibility of
achieving 100% root coverage in teeth with preserved
interdental tissue height does not guarantee predictable
complete root coverage in all cases of Miller Class I or
II. Other important variables such as RD, root surface
anomalies, or GT, amongst others, are also neglected.
The cutoff between classes in Miller classification is also
often unclear and largely subjective. Indeed, Class IV was
described as more severe than Class III for interproximal
tissue loss and altered tooth positioning, but no tangible
cutoff was provided. To overcome these limitations, Cairo
et al.6 regrouped the fourMiller classes into three RTs. RT1
merged together Miller Class I and II. RT2 and RT3 better
clarified the distinction between Miller Class III and IV,
respectively.6,10 However, the Cairo Classification did not
account for important features of the gingival phenotype
that were reported in the Miller Classification. The KTW
differences that characterized Miller Class I and Class II
were not described in Cairo RT1. Also, information on RD,
root surface condition or GTwere still missing in the Cairo
system.10
As a result, the 2018 Classification of Gingival Recession

Defects and Gingival Phenotype7,10 was proposed based
on Cairo et al. system, with the addition of complemen-
tary information related to RD, gingival phenotype (GT
and KTW) and tooth condition (RS and CEJ detectabil-
ity), which are considered standard diagnostic measures
nowadays.7,10 Many short-23–28 and long-term29–41 trials
have stressed the important role of the gingival phe-
notype (GT and KTW) and root integrity (RS and CEJ
detectability) on the stability of the gingival margin in
sites that underwent root coverage therapy. Therefore, it is
highly recommended that pretreatment diagnostic assess-
ments adopt the 2018 classification7,10 or other systems that
integrate these features based on available evidence for
treatment purposes.8

4.4 Factors affecting reproducibility

The use of classification systems in periodontology
stands as a fundamental resource for both clinicians and
researchers involved in the diagnosis, treatment and study
of periodontal and peri-implant diseases and conditions.
An important observation of this study was that, when 16
expert examiners assessed the same sites, a wide varia-
tion in their interpretative agreement was observed. This
may be largely explained by the method used in this
study to evaluate GRD (i.e., evaluation of standardized
photographs). The use of photographs allowed interna-
tional examiners to contribute to data collection without
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10 PINI PRATO et al.

need of traveling for neither examiners or patients. In
general, clinical diagnosis should be performed in a clini-
cal setting, in direct contact with the patient, rather than
in photographs. However, this clinical chairside compo-
nent of a study creates barriers related to the need to
gather multiple examiners in the same location, at the
same time, to evaluate the same patients. This model
would not allow the realization of multicenter studies,
especially among researchers from international centers.
Therefore, for the present research, it was decided to
base the diagnosis on photographs as an attempt to test
digital technologies, to overcome geographical and tem-
poral barriers created by the on-site examinations, and to
make possible international collaboration in a multicen-
ter study on intra- and inter-examiner agreements on the
same pool of patients. It might be argued that a direct
clinical exam, combined with radiographic/digital imag-
ingmay contribute to reduce the amount of inter-examiner
variability.42 Furthermore, studies in other medical dis-
ciplines have demonstrated a similar variation in the
intra-examiner agreement after examinations at two dif-
ferent timepoints.43–45 Professional experience, the case
scenario and its severity have been suggested as factors
that can potentially affect reproducibility.43 Consequently,
the occurrence of small variations in the inter- and intra-
examiner assessment can be expected, but these should
not alter the core components of the treatment plan.
However, a lack of knowledge in properly identifying the
type of GRD and its associated characteristics (e.g., gin-
gival phenotype) may lead to under- or over-estimation
of individual treatment needs and result in suboptimal
therapeutic outcomes.

5 CONCLUSIONS

Based on our findings and within the discussed limita-
tions, it can be concluded that the different components
forming the diagnostic matrix were reproduceable when
analyzed individually, and that the 2018 Classification of
Gingival RecessionDefects andGingival Phenotype is clin-
ically reproduceable within the examiners. However, the
between-examiner agreement for the complete classifi-
cation matrix was lower. Of the variables assessed, RD
and KTW exhibited the highest levels of agreement, likely
because the photographs were taken with the presence of
a periodontal probe. Conversely, GT assessment via sulcus
probe visibility was the least reproduceable assessment.
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