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Abstract

Background: A new periodontitis classification was recently introduced involv-
ing multidimensional staging and grading. The aim of the study was to assess if
individuals well-trained in periodontics consistently used the new classification
for patients with severe periodontitis. The secondary goal was to identify “gray

zones” related to classifications.
Methods: Participants (raters) individually classified 10 pre-selected severe peri-

odontitis cases using the 2017 World Workshop classification. An internet case-
based study was conducted after inviting members from American Academy
of Periodontology and European Federation of Periodontology. Gold-standard
diagnoses were determined by five experts who developed the new periodon-
titis classification. Inter-reliability agreement among raters was assessed using
Fleiss Kappa index with the jackknife method for linearly weighted kappa cal-
culations. McNemar test was used to determine symmetry between raters and

gold-standard panel.
Results: A total of 103 raters participated and classified nine clinical cases. Fleiss

Kappa values showed moderate inter-examiner consistency among raters for
stage (K value: 0.49; 95% CI, 0.19 to 0.79), grade (K value: 0.50; 95% CI, 0.30 to
0.70) and extent (K value: 0.51; 95% CI, 0.23 to 0.77). When analyzed as compos-
ite (stage, grade, extent) a moderate inter-reliability was present among raters,
k = 0.479 (K value: 0.47; 95% CI, 0.442 to 0.515). Agreement between raters and
gold-standard panel was staging 76.6%; grading 82%; and extent 84.8%. In six of
nine cases 77% to 99% of raters consistently agreed with gold-standard panel, and

the other three cases had gray zone factors that reduced rater consistency.
Conclusions: Clinicians trained in the 2017 World Workshop periodontitis clas-

sification demonstrated moderate concordance in classifying nine severe peri-
odontitis cases, and in six of nine cases raters consistently agreed with the gold-
standard panel.
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1 | INTRODUCTION

Periodontitis is a global healthcare problem with increas-
ing costs on individual and societal levels,' and current evi-
dence indicates that up to 42% of US dentate adults have
periodontitis.”

The 2017 World Workshop Classification of Periodontal
and Peri-Implant Diseases and Conditions agreed on a new
periodontal disease classification based on a multi-faceted
staging and grading system® that acknowledges a subset
of individuals who develop more severe periodontitis than
the majority of adults.*"® Furthermore, it has been known
for many years that segments of patients with moderate to
severe periodontitis fail to respond predictably to standard
periodontitis treatment protocols as administered by well-
trained clinicians.”!°

The new periodontitis classification system was devel-
oped in recognition that prior classifications for periodon-
tal disease did not translate easily into diagnoses and
treatment plans for individual patients."" It was acknowl-
edged that there are several periodontitis phenotypes,
and the 2017 classification incorporates use of several
factors as part of the multifactorial influences on an
individual patient’s past disease and likelihood of future
response to standard principles of periodontal therapy and
maintenance.'>"® It remains uncertain whether the struc-
ture and integrated information of the staging and grading
system allows clinicians to predictably classify individual
patients.

The primary goal of this study was to determine the
degree of consistency in staging, grading, and extent
among individuals trained to manage severe periodonti-
tis cases and with prior exposure to the new periodontitis
classification.'>!* Cases selected for this study were based
on the training and experience of clinicians invited to par-
ticipate.

2 | MATERIALS AND METHODS

The study was conducted in compliance with the Helsinki
Declaration of 1975, as revised in 2013." The study
was approved by the University of Michigan Medi-
cal School Institutional Review Board: Study eResearch
ID: HUMO00163877, Office for Human Research Protection
IRB Registration Number(s): IRB00000246.

2.1 | Primary and secondary objectives

The primary objective was to evaluate the inter-examiner
agreement among clinicians with experience managing
severe periodontitis, that is, study raters, from North

America, UK, and Europe (Supplementary Table Sl in
online Journal of Periodontology); and the agreement
among study raters and the gold-standard panel of
five experts (KK, PNP, MT, MS, HG) who were lead
authors of the 2017 World Workshop on periodontitis
classification.'>!® The secondary objective was to identify
and clarify specific “gray zones” related to subtle aspects
of a patient’s classification that may require clarification of
specific diagnostic criteria to enhance concordance among
raters.

2.2 | Study design and questionnaire

An internet case-based study was conducted using 10 pre-
selected periodontitis cases. Study raters were asked to
individually classify each case using stage, grade, and
extent of disease based on best interpretation of the 2017
World Workshop Classification criteria.'® Raters included
an international group of clinicians knowledgeable in peri-
odontics including, members of the American Academy of
Periodontology (AAP) or the European Federation of Peri-
odontology (EFP). Individuals were invited to participate
by email, which contained a link to access the case assess-
ment form.

All raters had prior training on the new classification
unrelated to this study, with classification training at var-
ious institutions in Unites States and Europe. Additional
classification training and calibration were intentionally
not provided to raters before the study. All raters are listed
in Supplementary Table S1 in online Journal of Periodon-
tology.

Participation was voluntary, the responses were anony-
mous, and study investigators were masked to raters’
survey responses. Raters were advised of the primary study
objectives and were invited to add comments/questions
concerning the selected cases and the classification in gen-
eral. The timeline for completing the survey was from April
3 to May 8, 2020. Four reminder follow-up emails (April
8, 13, 28, and May 4) were sent during the survey open
period.

2.3 | Gold-standard diagnosis and
qualitative assessment of gray zones

The classification of each case was determined by the
five gold-standard panel members each of whom indepen-
dently assessed the 10 cases, submitted their case find-
ings through the online system, and then participated in a
series of group discussions during which cases, not diag-
nosed uniformly by gold-standard panel members, were
adjudicated until a unanimous decision was reached by the
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panel. Raters were invited during the questionnaire to sub-
mit comments and questions regarding diagnoses of pro-
vided cases, and/or concerning the classification system.
Subsequently, critical questions were systematically dis-
cussed and answered after closure of the study to generate
a consensus statement clarifying each cluster of questions.

2.4 | Clinical cases

Ten clinical periodontitis cases were selected by the
authors with various disease severities and extent. Clinical
and radiographic case information was supplied to raters
including: intraoral photos complete periodontal charts,
as well as bitewing and periapical radiographs. Patient
age, sex, and pertinent medical history were included
in the records. Detailed information was provided about
medical status and grade modifiers, including smoking
and diabetes. All case information provided raters are
available (Supplementary Table S2 in online Journal of
Periodontology), with removal of identifying information.
The published staging and grading tables from the 2017
World Workshop were provided as reference for clas-
sifying patients.® Cases for this study were selected to
challenge raters trained to diagnose and manage severe
periodontitis cases. Several cases were intended to reflect
staging and grading characteristics that should clearly dif-
ferentiate Stage II from III, and III from IV, with provided
interdental clinical attachment level (CAL), radiographic
bone loss (RBL), and tooth loss that should distinguish
well-defined stages. Complexities of cases were provided
with radiographs and complete periodontal charts. We
also sought to include gray zone cases that presented with
specific features that posed diagnostic challenges and
would likely result in more variance in raters’ responses.

2.5 | Statistical analysis

Power analyses were performed and 100 raters were
deemed necessary to estimate the level of variability in the
assessment of stages and grades among clinicians. It was
determined that a minimum of eight cases had to be clas-
sified to ensure that kappa values 0.8 and 0.95 could be
detected as significantly different with 80% power and 95%
confidence intervals.

The statistical analysis was conducted by an inde-
pendent biostatistician. Descriptive analyses consisted
of absolute and relative frequencies for all categorical
parameters. Inter-reliability agreement among raters
involved single parameters or matching all three (stage,
grade, extent) assessed using Fleiss Kappa index and 95%
confidence intervals were calculated using the jackknife

method. Linearly weighted kappa was calculated and
McNemarts test was used to evaluate the hypothesis of
balanced discordant proportions (symmetry) among raters
and the gold-standard panel. Kappa values were inter-
preted according to Altman-Landis table. The significance
level used in the analysis was 5% (a = 0.05). All analyses
were performed using dedicated software.”,",*.

3 | RESULTS

Initially, 164 clinicians well-trained in periodontics were
invited to participate as raters. A total of 107 individuals
started the survey, but four did not complete all case evalu-
ations and were excluded from final analysis. Hence, 103
raters located in the United States (68%) or Europe/UK
(32%) classified all 10 clinical cases in the study. Of the
raters, 35.9% were aged 30 to 40 years, 44.7% between
41 and 60 years, and 19.4% >60 years. One case (patient
#8) was excluded from analysis due to comments from
multiple raters and gold-standard panel members rela-
tive to incongruencies between clinical photographs and
recorded CAL measurements. Hence, nine cases were
included in the quantitative analysis.

3.1 | Quantitative assessment of
individual cases and concordance with
gold-standard assessment

The relative proportions for each possible answer regard-
ing stage, grade, and extent for every case and the percent-
age of answers corresponding or diverging from the gold-
standard consensus are shown in Figure 1 and Table 1.
The percentage of raters who correctly classified each
case according to stage, grade, and extent were calculated.
For staging, considering 927 different assessments (103
raters for nine cases), an inter-examiner overall agreement
of 76.6% was found (710 agreements of 927 assessments).
Overall, 18.5% of assessments were classified as more
severe than the gold-standard (P <0.010; McNemar test),
while 4.8% were classified as less severe. For grading, the
overall agreement was 82%, with 760 correct evaluations.
Despite substantial concordance, 7.5% of assessments
were classified as a significantly lower grade by raters
than the gold-standard panel (P <0.001; McNemar test).
Finally, the inter-examiner agreement for extent was
84.8%, with 786 correct evaluations. Raters made 19 extent
assessments of “Molar/Incisor patterns” in contrast to

*R: R Foundation for Statistical Computing, Vienna, Austria.
SPSS, Chicago, IL
T EPIDAT 4.2 Conselleria de Sanidade, Xunta de Galicia, Spain
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FIGURE 1
corresponding to or diverging from the gold-standard

the gold-standard panel that diagnosed none. There was
a moderate inter-reliability agreement among raters for
stage (Fleiss K value: 0.49; 95% CI, 0.19 to 0.79), grade
(K value: 0.50; 95% CI, 0.30 to 0.70) and extent (K value:
0.51; 95% CI, 0.23 to 0.77) according to the Altman-Landis
scale. When the diagnosis for a single case was ana-
lyzed as a composite of three parameters (stage, grade,
and extent), a moderate inter-reliability was present
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Relative proportions for each possible answer regarding stage, grade, and extent for every case and the percentage of answers

among raters, k = 0.479 (K value: 0.47; 95% CI, 0.442 to
0.515).

The raters’ consistency relative to the gold-standard con-
sensus is evident in (Figs. 2A through 2C) and Table 1,
where 103 raters consistently scored six cases (1, 3, 4, 5,
9, 10) of nine, with 77% to 99% agreement with the gold-
standard staging (Fig. 2A). Staging thresholds were suffi-
ciently clear in four of the six cases (1, 3, 4, 5) to produce
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Agreement with gold-standard related to stage
(% of raters who agreed)
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. Stage IV A

Stage Il Stage Ill

Agreement with gold-standard related to grade
(% of raters who agreed)
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Grade B . Grade C B

Agreement with gold-standard related to extent
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FIGURE 2 The height of each bar indicates the percentage of

103 raters who correctly classified each of nine cases according to
gold-standard consensus for Stage II (A), Grade 2 (B), and extent 2
(C). Cases were identified on horizontal axis by a number, for
example (1) and gold-standard consensus for Stage III (1), Grade B
(1), and Extent Generalized (1)

92% to 99% agreement among raters and the gold-standard.
Stage IV cases, as well as Grade C, had the most consistent
diagnosis between raters and the gold-standard.

Raters were independently consistent but less so in some
Stage IV cases, such as staging case #9 (23% rated Stage III)
and case #10 (16% rated Stage III). Rater agreement with
gold-standard grading (Fig. 2B) ranged 81% to 99% for six (1,
4,5,7,9,10) of nine cases. Raters consistently scored extent
(Fig. 2C) for eight (1, 2, 3, 4, 5, 7, 9, 10) of nine cases ranged
from 78% to 100% that agreed with the gold-standard (see

Supplementary Table S4 in online Journal of Periodontol-
0gy.

For Table 1 Group 2 cases (2, 6, 7), raters appeared to
be less clear in differentiating Stage ITI/IV because cases
#2 and #7 both have gray zones not clearly defined until
recently® to guide removal of hopeless teeth to direct Stage
IV decisions. Case #6 CAL was defined based on periodon-
titis but confused some raters based on interproximal CAL
influenced by restorative crowns that incorrectly led 71% of
raters to assign Stage III rather than the gold-standard con-
sensus Stage II. The interpretation of selected Table 1 cases
are discussed in Supplementary Table S3 in online Journal
of Periodontology.

The observation that 77% to 99% of 103 raters inde-
pendently agreed with the gold-standard panel for six of
nine cases. Workshop Classification criteria for staging and
grading'>" translated well for severe periodontitis cases.
However, the challenges that are evident with cases #2, #6,
and #7 indicate that additional clarity of gray zones and
boundaries will be necessary in some cases to guide a clin-
ician’s focus.

311 |
cases

Qualitative assessment of the selected

Widespread use of the staging and grading classification
system within periodontal training programs has helped
identify certain gray zones that require clinical judgment
in the implementation of the new classification.!°"'® The
present article narratively clarifies certain gray zones of
clinical diagnosis to instruct readers on wise use of the new
classification. Table 2 shows a step-by-step approach to
diagnose each case based on the same framework provided
by the 2017 World Workshop classification.'!* Case-by-
case rationale for diagnoses according to the gold-standard
panel is shown in Supplementary Table S4 in online Jour-
nal of Periodontology.

4 | DISCUSSION
The new periodontitis classification defines some thresh-
old levels that guide clear decisions for staging and grad-
ing patients. As seen in Table 1, the raters’ independent
staging decisions for four cases strongly agreed (92% to
99%) with the gold-standard. Since the 2017 classifica-
tion was released, multiple reports have provided refine-
ments for implementation of the new classification in daily
practice.'>!61°

Stages I to IV were designed to classify patients with
periodontitis based on major distinctions in severity of dis-
ease and complexity of treating the patient’s periodontal



1681

(senunuo))
"%0€ <
ST 6<
TVO s
3991 Jo
a8ejuaorsg

Al
'$109JOp
93p11 219438
‘uon
“EJIqeyal
xo1durod
10J POdN
"z opeid
< Lmqowr
PIZI[BIdUD

e
(el))
o
—
.m
g
Qo
TS)
Qo
o pu|
=
()
R

JOURNAL OF

V/N

%EE<
Jo 1y
seq] 100) [

ww
G<JOIVD
sey 9IS 1<

01 ase)

RAVIDA ET AL.

“%0e<
ST 6<
TVO Y

399} JO
a8ejuaorsg

Al

z opeid
< Lmqowr
PazI[eIauaD

V/N

9%gE<
Jo 19y
sey 100 [ <

wrw
6<JOTVD

Sey 9IS 1<

6 9se)

‘%0e<
ST 6<
TVO ia

31993 JO
a8ejua0I9g

II1

wuw

€< [BO1IIDA
II'1D

uonedIng

ww 9< ad

V/N

%EE=
Jo 199
Sey Y100} [ <

urw
G<JoIvD
sey 9IS 1<

L ase)

"%P0E<
ST 6<
TVO yim

3991 Jo
a8ejuaorsg

II

V/N
BEES
T4 ey
o3y oy
JoRUON
%SI<
jo 19
SBY 00} 1<

wu
6<JOIVD
sey 9IS 1<

,99s8)

“P0OE>
ST 6<
TVO Jiam

31991 Jo
a8ejuaorsg

11

wu €2
[BODIOA
ww 92 4d

V/N

9%EE<
Jo 198
ey 4100 1<

wu
6<JOTIVD
sey 9IS 1<

G ase)

JuawSpn( [EJTUI[O SIAJOAUT OSTE JINq

“%0e<

ST I 6<

TVO Ym

199} JO
a8ejuaorsg

Al

‘yuasard

1199)

0C ueyy

SS9 ‘uon

-ejIqeyal

xo[durod
10J PAaN

V/N

%EE<
Jo 1y
seq 100) [

ww
G<JOIVD
Sey 9IS I<

P ase)

“%0E<
ST 6<
TVO Wi

3199} JO
a8ejuaorsg

II1

II'1D
uonedIng

ww 9< ad

V/N

9%gE<
Jo 194
sey 100) [<

uru
§<JOTVD

sey 9IS 1<

€ ase)

‘%0e<
ST 6<
TVO yim

31991 JO
a8ejuaoIsg

II1

IIT 'TI'ID
uonedIng

ww 9< ad

V/N

%EE=
Jo 199
sey )00) [

wu
6<JoIvVD
sey 9IS 1<

z93se)

“%0E <
ST 6<
TVO yim

31991 Jo
a8ejuaorsg

II1

wu

€< [BONIDA
II'1D

uonedIng

ww 9< ad

eV/N

%eE <

Jo 1d9 sey

(rejowraxd
STYN)

wu
¢<JOTIVD
sey IS 1<

1 9se)

‘SSO[ JUSWIYOR)IE [BITUID SUISSISSE SIAJOAUT 93e)S SUIAJIuUap]

JUAXH
uorurdo piepue)ls p[oo

s10)0€J
Lxopduro)

sun

-uoporrad 03
anp sso[ Yjoo],

Tdd
SSOT 35938218
Jo s
aYl1leTVvVI
[eIuapaajuy age)s
¢ dT14dVL



JOURNAL OF

RAVIDA ET AL.

>
&0
@
oy
(=
g
S
&)
S
ia
o
s

1682

‘pap1aoid jou a1om snryuoporrad o3 anp 3S0] 399} Jo IoqUINU pue AI103STY YL,

(0707 “Te 19 ZUES) [2A9] A1119A0s Surulzap-a3els aY) 18 Y199) Jo a8ejuadiad ay) Aq pauljap sv,

SISOUSEIP PIPUNOI-T[aM dIOW B JAIS Aewl Ty 1oyMm d[durexs e S}Iqryxa 9sed Sy}

‘JouruLI)ap 93e)s Arewnnid o) s Ty £q puels am y3noyy|y -os 1od xo[duiod se 9sed Sy} 99s Jou op am ‘yuiodpue)s JUSUIISeURU B WOIJ JSB] 1Y "UONEIISSE[O MU 3} JO ILIIds,, o) YIIm SUI] UT 9IOW ST 35D SIY) 10 [T
o5e1s ®  ‘Suoim,, A[11essa09U aq jou [[Im []T SE 9seO STy) SUISe)s Iy A\ "PoIBISIONO 3q Jouued s}daouod paseq-y3100) Jou ‘paseq-jusned are Surperd pue SurSess jey) joej oy, AI1I0A3S 9SBASIP Yons Ym pajuasard aq 03 ased
SI{) 995 10U OP A ,'SSO[ 300) TeuonIppe 10y [enuajod yiim snryuoporrad 91943s,, St T[] 9581S poUIop UONBIIJISSE[O MAU AU, "9SBISIP PIOUBAPE 0} NP JOU ‘(SUMOIJ) SI0JOE] [8d0] £q paInqrnuod A[qissod s1 juswyoelje jo
SSO[ Y} “0S©D SIY} UI 9JBINOOE 1M STV SUIWINSSY "WW 9 0} § = TV Y31 SIS Jo 9[dnod & axe 2191} ‘YISus] 1001 93 JO PIIY} [BUOIOD Y} PuoLdq PUIIXA JOU S90P SSO[ U0Q JO AILI9AS 3} pue [ejuozLioy si A[jesryderSorper
sso[ auoq Jo urd)ed 3} S[IYAN "UOTIBNIIS SUI[IOPIO] B SOTAUIOXD 94 9SB)) "PIssasse-a1 aq Pnoys Axa[duwod ases Jo 92130p oy} ‘QurfIapioq sI s1ojourered [eorur[d aY) Jo A119A3S 9Y) USY Ay "Yoeoidde orisTjoy e Ul UOn}EN)IS
[21UI[D Y3 Jo AI[eI0) ) S)uasaidal 1s9q ey} SISOUSRIP © Ik dALLIe 0} junowrered st juswdpn( [earurfd poon ‘yoroidde onsijoy e ur ased Ay} )en[ead Jo4 ased usAls 1ad s1sjowered [earur[d ay3 210Uy JoU P[NOYS SUBRIIUID,

o)

p/senaredno
01< Supyowg

(e8e
sjuaned
03 onjel
0D %LY<
jo1dd
ey 1003 1<

PIZI[EIdUD)

01 3se)

o] o) d

(e8e

sjuaned

0 onjel

0'T) %TS<

Jo 199

seq 329}

a3 Jo

(o8e (o8e quo\ ‘(a8e

sjuaned sjuaned sjuaned

0} onjer 0) ofjer 0) ofjel

0'T) %Lt 0'T) %5€< §T°0) %ETI<

Jo1dd Jo1dd Jo1qd
SeqUjoo) < Sy Yoo} I<  Sey Yool <

POZI[EIOUSD)  PIZI[EIOUAD  PIZI[EIdUID

6 3se) L ase) 99se)

%Y°0L = DIV

‘(o3¢
sjuanyed o3
oneI Q)
%SY< 194
sey (1ejow
puooas
AN) Y1003 1<

pazI[eso]

g ase)

D

'%9'S = DIV
p/sanaresn
01< Supyjows

(o8¢
sjuaned
0) onjel
0'T) %65<
Jo1dd
Sey 399}
oyl Jo
Juo\ ‘(a3e
sjuaned
0) opjel
ST'0) %S
<JoT19y¥
Seq )00} 1<

PIZI[eIoudD

P ase)

(o8e
sjuaned
03 onjer
0'T) %65<
Jo 199
sey yja9)
o Jjo
ouo\ ‘(e3e
sjuaned
0} onjer
ST'0) %ST<
Jo 194
Sey 100 1<

PIZI[EIdUdD

¢ ase)

g8 raddn YN fssof auoq drydeiSorper “Tay {[9A9] JUSWIYILIIE [RITUID “TVD

o) q uorurdo prepuels p[oo
a0
ANAnISuas
— — ysiH
- - sajaqeIq
- — Sunjowg
adfyouayd
- - ase)
(e8e
sjuaned
0] opel
0°T) %95<
(o8e Jo 19y
sjuaned Ssey 399}
0] onelr Y1 Jo
0'T) %89< Juo\ ‘(a8e
Jo 199 sey sjuaned
(s1ostout 0} opelx
[exo3e[ ST'0) BH1I<
Tamor) jo1gd o8e/ 194
100} I<  SeY Y300} < Jo arey
ejep
T T reurpmyiduoy aper)
pazifeIsuan paziTeIsuan uorurdo prepuels pjoo
7 3se) 1 9se)

(ponunuo)d) ¢ ATAVL



RAVIDA ET AL.

JOURNAL OF
Periodontology 1683

disease and maintaining periodontal health. The stages
also generally stratify cases based on need for prior train-
ing, experience, and need for multidisciplinary treatment.
Grading helps to identify the patient’s responsiveness to
standard treatment protocols and importance of systemic
conditions that may influence or be influenced by peri-
odontitis, which adds further clinician responsibilities. As
shown in raters’ results above, most cases will be correctly
classified if clinicians have basic training in the new clas-
sification. This study was designed in part to better under-
stand what gray zones may introduce the need for more
specific training in classification.

4.1 | Gray zones: Queries from the raters
and assessment of the source of variability

The following section describes in detail common gray
zones identified via lack of inter-examiner agreement and
raters’ questions.

1. What are the main determinants used to identify stage?
(nine queries)

Stage severity is primarily based on interdental CAL,
however, only CAL attributable to periodontitis should be
used to determine stage. For case #6, the gold-standard
panel determined the most severe interproximal CAL sites
were only on teeth with adjacent crowns. The CAL sever-
ity that determined Stage II for the case was attributable
directly to periodontitis, as opposed to more severe tissue
destruction secondary to restorative therapy. However, 71%
of raters classified the patient as Stage III based on the
most severe interproximal CAL, which was not directly
attributable to periodontitis. Although RBL is included as
an additional descriptor, both CAL and RBL are assessed
at the most affected tooth, with recognition that the CAL
resulted from periodontitis.

Suggested reading: (Tonetti et al, 2018; Kornman and
Papapanou, 2020)"'?

2. What is considered a periodontally hopeless tooth?
Should hopeless teeth be identified and extracted before
staging? (nine queries)

We reaffirm that hopeless teeth can be included when
calculating the total number of teeth lost due to periodon-
titis. As recently published, a hopeless tooth, that is, one
that is considered irrational to treat, is that in which the
attachment loss approximates the apex of the root cir-
cumferentially in combination with tooth hypermobility
(degree 3).

Suggested reading: (Sanz, Papapanou, et al., 2020)

3.Isdifferentiation between Stage III and IV solely based
on complexity factors? (four queries)

Stage III and IV require the same essential identifiers,
either CAL of >5 mm or RBL to the middle one-third of
root or beyond. The gold-standard panel classified case #7
as Stage III, but 45% of raters classified the case as Stage
IV. Stage IV may be differentiated from Stage III by his-
tory of missing teeth attributable to periodontitis plus addi-
tional hopeless teeth, as described above" to equal >5.
A Stage IV case should also present with features iden-
tified in the classification that define the need for com-
plex rehabilitation, including masticatory dysfunction, bite
collapse, and potential for losing major dentition compo-
nents. Case #7 is a female aged 35 years with extensive his-
tory of clinical attachment and bone loss. Mobility grade
3 is present in one tooth and grade 2 in two additional
teeth. This young patient with generalized severe peri-
odontitis has not lost teeth due to periodontitis and cur-
rently has no hopeless teeth that would result in patient’s
tooth loss >5 teeth due to periodontitis. In addition, there
is minimal masticatory dysfunction or evidence of bite col-
lapse. It is likely that presence of severe bone and connec-
tive tissue destruction at an early age led 45% of raters to
assume patient represents Stage IV disease. As noted by the
gold-standard panel, this patient qualifies most clearly as
Stage III, indicative of severe periodontitis with potential
for additional tooth loss. Suggested reading: (Tonetti et al.,
2018).!

4. Can complexity factors shift a patient whose sever-
ity level is compatible with Stage I or II to Stage IV? (two
queries)

Stage IV periodontitis presents either with periodontitis-
associated tooth loss (>5 teeth) or with a degree of severity
and extent that often drives a complex, multidisciplinary
rehabilitation to restore and retain function of the masti-
catory function. Moreover, and in contrast with Stage III
disease where severe loss of periodontal tissue support is
also prevalent, Stage IV periodontitis jeopardizes a large
segment of the dentition or entire dentition, rather than
individual teeth. Consequently, extensive and/or multidis-
ciplinary rehabilitation is required to preserve and restore
oral function.

Note that periodontitis cases with severity compatible
with Stage I or II cannot be upshifted to Stage IV on the
basis of complexity factors alone. Differential diagnosis
of Stage IV periodontitis can only be considered in cases
where the severity criteria of Stage III periodontitis have
been clearly met. It is important to avoid erroneous diag-
nosis of Stage IV periodontitis in partially edentulous cases
with < 10 occluding pairs, where tooth loss is due to rea-
sons other than periodontitis, such as in cases of primary
occlusal trauma, with loss of vertical dimension of occlu-
sion or tooth drifting. Occasionally patients may present
with all posterior teeth missing without a known reason
for the observed tooth loss, and the clinician may infer
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the reasons for tooth loss based on patient’s oral and gen-
eral health history and collective assessment of periodon-
tal status of the remaining dentition. The clinician must
keep in mind the possibility that prior extraction of all
teeth severely affected by periodontitis may result in the
survival of only teeth minimally affected by periodontitis,
which can distort the accurate staging of the case based on
periodontitis-associated tooth loss.

Suggested reading: (Kornman and Papapanou, 2020;
Tonetti et al., 2018) 112

5. Could more than one extent be assigned for stage? Is
there more than one way to calculate the extent of the dis-
ease? (two queries)

A recent publication provides a meaningful method for
how the extent of the disease should be calculated.”> The
extent of periodontitis is defined by percentage of teeth
(not sites) at the stage-defining severity level. The teeth
presenting with the specific level of severity (CAL/RBL)
used to assign patient’s stage, are the teeth that have to
be counted to correctly assess the extent. Depending on
whether the number of those teeth is less or > 30%, the
extent is defined as either localized or generalized. Sug-
gested reading: (Sanz et al., 2020)."

Clinicians who participated as raters were experienced
managing severe periodontitis cases and exhibited ability
to use the new classification, as described above, con-
sistent with the gold-standard panel. These findings are
strongly suggestive that the Table 1 Group 1 cases met
Stage III-IV essential CAL and/or RBL criteria in peri-
odontitis staging table and net tooth loss and/or hopeless
teeth, and complexity criteria to qualify clearly for Stage
III or IV.

It should be noted that gray zone features may result
in non-concordant diagnoses even among knowledgeable
clinicians. As seen in Table 1 Group 2, Cases (2, 6, 7) have
same CAL and/or RBL as Group 1, but uncertain numbers
of missing/hopeless teeth and lack of clarity for other com-
plexity factors that may guide the assessment of Stage II, ITI
or IV (details in Supplementary Table S3 in online Journal
of Periodontology).

4.2 | Supplementary staging and grading
queries

Responses to queries below can be found in the Supple-
mentary Appendix in the online Journal of Periodontology.
For responses to the queries below, additional information
may be found online in the Supporting Information section
at the end of the article.

When staging a periodontitis patient, which of the miss-
ing teeth should be considered periodontal tooth loss? (two
queries). Suggested reading: (Tonetti et al., 2018)."

Should other systemic conditions be considered when
grading? (six queries).

Suggested reading: (Kornman and Papapanou, 2020;
Albandar et al., 2018).16%°

Is BOP needed for staging? (five queries).

Suggested reading: (Chapple et al., 2018).?!

Is there a way to use the new classification for direction
to therapy? (two queries).

Suggested reading: (Sanz et al., 2020)"’

4.3 | Main findings

This study demonstrated that clinicians with experience
in treating periodontitis and prior training in the new
periodontitis classification'*!* were capable of indepen-
dently applying the classification to severe periodontitis
cases. Given the multidimensional nature of the classifi-
cation, some gray zones were expected that provided guid-
ance for certain cases while others are more complex.'>!¢
Even for cases displaying various complexities, the 103
raters achieved an inter-examiner agreement of 76% for
stage, 82% for grade, and 84.8% for extent. As seen in
Table 1, certain cases were classified with consistency,
ranging from 92% to 99% of raters and agreement with the
gold-standard stage, grade and extent. A second group of
patients, Cases #9 and #10, classified stage consistent with
the gold-standard Stage IV, yet there was less clarity by
raters differentiating Stage III/IV (Case #9: 23% Stage III;
Case #10: 16% Stage III). Table 1 Group 2 cases #2, #6, and
#7 were not consistently classified by the raters; however
Supplementary Table S3 provides interpretation of certain
cases that were less clearly defined by currently published
classification criteria.'*!3

This study has limitations including intentional absence
of incipient periodontitis cases and only one Stage II case
of moderate periodontitis, designed to target this study’s
primary clinician audience focused on managing complex
periodontal disease cases. Future studies evaluating inter-
examiner agreement using the new classification among
raters with a broader patient range of periodontal disease
and experience would likely benefit from inclusion of addi-
tional Stage I and II cases that may clarify boundaries
across the full range of staging and grading to be experi-
enced within the dental community.

In addition, understanding the educational training
required for a broader range of clinical exposure necessary
to integrate the new classification into periodontal disease
management by a wide range of general dentists and spe-
cialists. As noted above we selected some cases that intro-
duced gray zones expected to complicate the consistency
of the classification among well-trained but diverse range
of clinicians.
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In terms of grading, the present study demonstrates that
agreement among raters and consistency with the gold-
standard, is derived from substantial variability in radio-
graphic bone levels, as was evident from Figure 2. Among
selected cases, #2 and #6 displayed greater variability. The
key to a correct grading of most cases in the absence of
direct evidence of progression is the correct measurement
of percentage bone loss/age. For Case #2 (Grade C), at least
>1 tooth (lower lateral incisors) has RBL of >68% (1.0 ratio
to patient’s age) consistent with Grade C, but 41% of raters
underestimated and selected Grade B. For Case #6 (Grade
B), none of the teeth have RBL of >52% (1.0 ratio to patient’s
age).

In the present study, a broad group of clinicians with
expertise in periodontics have been asked to apply the new
classification to cases of periodontitis to practically investi-
gate the way in which the new classification is interpreted
and used broadly. Selecting this group of clinicians was
made with awareness of their key role as educators, and
that their calibration is key to correctly and reliably train-
ing dental providers. In addition, one of the objectives of
the study was to identify gray zones that were not specifi-
cally defined in the World Workshop papers on classifica-
tion of periodontitis.'*!

Cases for the study were not intended to be repre-
sentative of the general population but were selected to
represent severe periodontitis cases as defined in the 2017
World Workshop papers.'>!* The provided percentages
and coefficients of agreement are based on a small sample
of cases selected because of diagnostically challenging
presentations, which likely played a crucial role for the
relatively moderate kappa of 0.5 inter-reliability. The
agreement rate on diagnosis of periodontitis might have
been different if raters and experts had been asked to
classify a larger random sample of patients; however, as
shown in Figure 1 and Table 1, this study intentionally
enrolled severe cases to determine consistency of the 103
raters who were 77% to 99% in agreement for six of nine
cases.

This study and others are designed to educate cur-
rent and future dental providers in comprehension
of the new classification through continuous train-
ing and assessment of gray zones. For this reason, we
will perform similar studies with the aim to further
increase the consistency observed for the diagnosis of
patients with periodontitis that must consider gray zones
to accurately classify the patients. Training a broad
range of clinicians in the interpretation of specific gray
zones required reliably differentiating Stages II/III and
III/IV.
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Periodontology

CONCLUSIONS

5 |

Clinicians appropriately trained in the management of
periodontal disease patients demonstrated an overall mod-
erate concordance in their diagnostic classification of
periodontitis cases utilizing the 2017 World Workshop
Classification system. Although severe periodontitis cases
displaying well-defined features were consistently rated,
gray zones that introduced interpretational complexities
decreased the inter-rater agreement. Continuous identi-
fication, refinement, and incorporation of such diagnos-
tic challenges are needed to guide the training of a broad
range of clinicians and predictably enhance their diagnos-
tic agreement in the classification of periodontitis.

ACKNOWLEDGMENTS

The authors thank all the raters (see Supplementary Table
S1) for their commitment and essential role in complet-
ing the survey, and Adam Barragato (University of Michi-
gan) for helping to construct the survey. Furthermore, the
authors thank Drs. Giorgio Pagni (University of Milan),
Erin Shan-Huey Yu (ESY, University of Michigan), Gia-
como Gualini (University of Turin), and Marco Clemen-
tini (San Raffaele University) for providing some challeng-
ing clinical cases. Finally, the authors want to thank Juan
Luis Gomez (stHalley Statistics Barcelona) for analysis of
the data. This article was supported in part by the Univer-
sity of Michigan Periodontal Graduate Student Research
Fund. Competing interests: The authors report no conflicts
of interest related to this study.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to the concepts
and conclusions as reflected in the final manuscript. The
conception, design, and execution of the study were led
by AR, ST, KK. Clinical cases were provided by AR, MHS,
and others listed in Acknowledgments. Selection of cases
for the study was led by AR, MHS, ST, KK. Invitation of
clinicians to serve as raters was directed by AR, ST, KK;
and ST and AR guided development of the infrastructure
to allow anonymous independent assessment of cases. Sta-
tistical plan, analysis, and interpretation of the data were
directed by AR, MHS, ST, KK. Consensus development
among authors included MS, KK, HG, MT, PNP. Collection
and assembly of data were led by AR, MHS, ST, and draft-
ing of the article involved substantial input by AR, MHS,
ST, MS, KK, HG, MT, PNP. Critical discussions involved
important intellectual content directed by KK, HG, MT,
PNP, MS, HLW. Final input and approval of the revised arti-
cle included AR, ST, MS, MHS, PNP, HG, MT, HLW, KK.



RAVIDA ET AL.

JOUR l}lAL OF ;
L.l Periodontology |

ORCID

Panos N. Papapanou
3618

Hom-Lay Wang @ https://orcid.org/0000-0003-4238-1799
Kenneth Kornman © https://orcid.org/0000-0003-2252-
7324

https://orcid.org/0000-0002-6538-

REFERENCES

1. Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J. Impact of the global
burden of periodontal diseases on health, nutrition and well-
being of mankind: a call for global action. J Clin Periodontol
2017;44:456-462.

2. Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA,
Genco RJ. Periodontitis in US adults: national health and
nutrition examination survey 2009-2014. J Am Dent Assoc
2018;149:576-588 e576.

3. Caton JG, Armitage G, Berglundh T, et al. A new classifi-
cation scheme for periodontal and peri-implant diseases and
conditions-Introduction and key changes from the 1999 classi-
fication. J Periodontol 2018;89(Suppl 1):S1-S8.

4. Billings M, Holtfreter B, Papapanou PN, Mitnik GL, Kocher
T, Dye BA. Age-dependent distribution of periodontitis in two
countries: findings from NHANES 2009 to 2014 and SHIP-
TREND 2008 to 2012. J Periodontol 2018;89(Suppl 1):S140-S158.

5. Loe H, Anerud A, Boysen H, Morrison E. Natural history of peri-
odontal disease in man. Rapid, moderate and no loss of attach-
ment in Sri Lankan laborers 14 to 46 years of age. J Clin Periodon-
10l 1986;13:431-445.

6. Baelum V, Fejerskov O, Karring T. Oral hygiene, gingivitis and
periodontal breakdown in adult Tanzanians. J Periodontal Res
1986;21:221-232.

7. Hirschfeld L, Wasserman B. A long-term survey of tooth loss in
600 treated periodontal patients. J Periodontol 1978;49:225-237.

8. McFall WT, Jr. Tooth loss in 100 treated patients with periodontal
disease. A long-term study. J Periodontol 1982;53:539-549.

9. Lindhe J, Nyman S. Long-term maintenance of patients treated
for advanced periodontal disease. J Clin Periodontol 1984;11:504-
514.

10. McGuire MK, Nunn ME. Prognosis versus actual outcome. IV.
The effectiveness of clinical parameters and IL-1 genotype in
accurately predicting prognoses and tooth survival. J Periodon-
t0l 1999;70:49-56.

11. Armitage GC, Cullinan MP. Comparison of the clinical fea-
tures of chronic and aggressive periodontitis. Periodontol 2000
2010;53:12-27.

12. Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a new classification
and case definition. J Periodontol 2018;89(Suppl 1):S159-S172.

13. Papapanou PN, Sanz M, Buduneli N, et al. Periodontitis: con-
sensus report of workgroup 2 of the 2017 world workshop on the
classification of periodontal and peri-implant diseases and con-
ditions. J Periodontol 2018;89(Suppl 1):S173-S182.

14. World Medical Association. Declaration of Helsinki: ethical
principles for medical research involving human subjects. J Am
Med Assoc 2013;310(20): 2191-2194.

15. Sanz M, Papapanou PN, Tonetti MS, Greenwell H, Kornman K.
Guest editorial: clarifications on the use of the new classification
of periodontitis. J Periodontol 2020;91:1385.

16. Kornman KS, Papapanou PN. Clinical application of the new
classification of periodontal diseases: ground rules, clarifications
and “gray zones”. J Periodontol 2020;91:352-360.

17. Sanz M, Herrera D, Kebschull M, et al. Treatment of stage I-I1I
periodontitis-The EFP S3 level clinical practice guideline. J Clin
Periodontol 2020;47(Suppl 22):4-60.

18. Ravida A, Qazi M, Troiano G, et al. Using periodontal staging
and grading system as a prognostic factor for future tooth loss: a
long-term retrospective study. J Periodontol 2020;91:454-461.

19. Tonetti MS, Sanz M. Implementation of the new classification
of periodontal diseases: decision-making algorithms for clinical
practice and education. J Clin Periodontol 2019;46:398-405.

20. Albandar JM, Susin C, Hughes FJ. Manifestations of systemic
diseases and conditions that affect the periodontal attachment
apparatus: case definitions and diagnostic considerations. J Peri-
odontol 2018;89(Suppl 1):S183-S203.

21. Chapple ILC, Mealey BL, Van Dyke TE, et al. Periodontal health
and gingival diseases and conditions on an intact and a reduced
periodontium: consensus report of workgroup 1 of the 2017 world
workshop on the classification of periodontal and peri-implant
diseases and conditions. J Periodontol 2018;89(Suppl 1):S74-S84.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Ravida A, Travan S,
Saleh MHA, et al. Agreement among international
periodontal experts using the 2017 world workshop
classification of periodontitis. J Periodontol.
2021;92:1675-1686.
https://doi.org/10.1002/JPER.20-0825


https://orcid.org/0000-0002-6538-3618
https://orcid.org/0000-0002-6538-3618
https://orcid.org/0000-0002-6538-3618
https://orcid.org/0000-0003-4238-1799
https://orcid.org/0000-0003-4238-1799
https://orcid.org/0000-0003-2252-7324
https://orcid.org/0000-0003-2252-7324
https://orcid.org/0000-0003-2252-7324
https://doi.org/10.1002/JPER.20-0825

	Agreement among international periodontal experts using the 2017 World Workshop classification of periodontitis
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Primary and secondary objectives
	2.2 | Study design and questionnaire
	2.3 | Gold-standard diagnosis and qualitative assessment of gray zones
	2.4 | Clinical cases
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Quantitative assessment of individual cases and concordance with gold-standard assessment
	3.1.1 | Qualitative assessment of the selected cases


	4 | DISCUSSION
	4.1 | Gray zones: Queries from the raters and assessment of the source of variability
	4.2 | Supplementary staging and grading queries
	4.3 | Main findings

	5 | CONCLUSIONS
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


