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Version 9.0

Abstract
Backgroung ors were assigned the task to develop case definitions for periodontitis in the

context of World Workshop on Classification of Periodontal and Peri-Implant Diseases. The
aim of this manuscript'is to review evidence and rationale for a revision of the current classification,
to provﬂemork for case definition that fully implicates state of the art knowledge and can
be adapte evidence emerges, and to suggest a case definition system that can be

implemen’uical practice, research and epidemiologic surveillance.
Methods: gathered in 4 commissioned reviews was analyzed and interpreted with special

emphasis tghc s with regards to the understanding available prior to the 1999 classification.
Authors a se definition systems employed for a variety of chronic diseases and identified
key criteri ssification/case definition of periodontitis.

Results: Tﬁcript discusses the merits of a periodontitis case definition system based on
Staging an ing and proposes a case definition framework. Stage | to IV of periodontitis is
defined based on severity (primarily periodontal breakdown with reference to root length and
periodonti ated tooth loss), complexity of management (pocket depth, infrabony defects,
furcation in¥@ ent, tooth hypermobility, masticatory dysfunction) and additionally described as

extent (localizad ofjgeneralized). Grade of periodontitis is estimated with direct or indirect evidence
of progression rate in 3 categories: slow, moderate and rapid progression (Grade A-C). Risk factor

analysi as grade modifier.

Conclus e paper describes a simple matrix based on Stage and Grade to appropriately define

periodontitis | individual patient. The proposed case definition extends beyond description
based on severity to include characterization of biological features of the disease and represents a
first step tgards adoption of precision medicine concepts to the management of periodontitis. It

also provides the necessary framework for introduction of biomarkers in diagnosis and prognosis.

O

KeyworEntitis, classification, case definition, periodontitis/stage, periodontitis/grade,

diagnosis ndard of care, clinical attachment loss, radiographic bone loss, periodontal pocket,
infrabony defect, furcation involvement, tooth hypermobility, masticatory dysfunction, risk factors,
biomark loss, chronic periodontitis, aggressive periodontitis, necrotizing periodontitis,

periodonti nifestation of systemic disease, stage | periodontitis, stage Il periodontitis, stage
Il periodo age IV periodontitis, Grade A periodontitis, Grade B periodontitis, Grade C

periodontitis, infr:mmatory burden.
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1. Intr ction: The 1999 Classification of Periodontitis

o

Periodoﬂti racterized by microbially-associated, host-mediated inflammation that results in

loss of periodontal attachment. The pathophysiology of the disease has been characterized in its key

Cri

molecular s, and ultimately leads to activation of host-derived proteinases that enable loss

of marginallPDW fiders, apical migration of the junctional epithelium and allows apical spread of the

$

bacterial long the root surface. The bacterial biofilm formation initiates gingival

U

inflammati&f? ever periodontitis initiation and progression depend on dysbiotic ecological

changes iMA the microbiome in response to nutrients from gingival inflammatory and tissue

q

breakdow ts that enrich some species and anti-bacterial mechanisms that attempt to

d

contain the ial challenge within the gingival sulcus area once inflammation has initiated.

Current ev supports multifactorial disease influences, such as smoking, on multiple immuno-

M

nses that make the dysbiotic microbiome changes more likely for some patients

inflam

than others and likely influence severity of disease for such individuals.

[

Marginal a one loss — a key secondary feature of periodontitis - is coupled with loss of
attachment ammatory mediators. Clinical presentation differs based on age of patient and

lesion numker, distribution, severity, and location within the dental arch. The level of oral biofilm

i

contam e dentition also influences the clinical presentation.

{

In recent decadespattempts to classify periodontitis have centered on a dilemma represented by

3

whether p ically different case presentations represent different diseases or just variations of

A

a single dise ck of ability to resolve the issue is illustrated in the changes to the classification
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system that progressively emphasized either differences or commonalities.” > Shortly before the

1999 International Workshop on Classification of periodontal diseases, research in the field

t

emphasize ividual features of periodontitis and thus differences in phenotype. These emerged

from the ion of specific bacteria or bacterial complexes as etiologic agents of

periodoﬁti , e recognition of the existence of multiple modifiable risk factors, and the

[

identificatiog of the relevance of genetic susceptibility>® and specific polymorphisms associated with

7

C

disease se he research perspective on the disease impacted the 1999 classification system

that emph@si rceived unique features of different periodontitis phenotypes and led to the

$

recognitio ifferent forms of periodontitis:

U

1. izing periodontitis

N

periodontitis

a

ggressive periodontitis

ntitis as a manifestation of systemic diseases

M

The overall classification system aimed to differentiate the more common forms of periodontitis, i.e.

chronic an*ive periodontitis, from the unusual necrotizing form of the disease (characterized
by a uniqphysiology, distinct clinical presentation and treatment), and the rare major
genetic de cquired deficiencies in components of host defense (characterized by a primary
systemi at also expresses itself by premature tooth exfoliation).

{

The 1999 sensus report on aggressive periodontitis identified specific features of this form

of disease and prgposed the existence of major and minor criteria for case definition as well as

ures to differentiate localized from generalized forms of periodontitis.® By default,

This article is protected by copyright. All rights reserved.
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cases of periodontitis that would not satisfy the “aggressive” phenotype definition would be
classified as “chronic” with the implication that latter cases could be managed more easily and, with
approprhy and maintenance care, would rarely jeopardize the retention of a functional
dentition.’ le for differentiating between chronic and aggressive periodontitis included

the abiHy Eo identify and focus on the more problematic cases: presenting with greater severity

earlier in Iiﬂa@her risk of progression and/or in need of specific treatment approaches.

The 1999 Integnational Classification workshop addressed a host of concerns with the
clinical apwcy and pathophysiologic rationale of previous classification systems (see
Armitage 1999 fbr discussion), emphasized the need to capture differences between forms
of the diﬁle to lead to edentulism, but did not clearly communicate differences
between wm aggressive periodontitis. While the consensus report of the aggressive

periodont ing group articulated major and minor criteria required for the aggressive

periochnosis as well as specific definitions to identify patterns of distribution of
lesions i dentition (localized molar incisor vs. generalized, see Lang et al. 19992 for
detailed ds cussion), the difficulty in applying the stipulated criteria in the everyday clinical

practice a ubstantial overlap between the diagnostic categories provided a barrier to

clinicians i plication of the classification system. Furthermore, the validity of many of

the criter‘ for aggressive periodontitis has not been confirmed in adequately designed

studies#

Over the past t decades clinicians, educators, researchers and epidemiologists have voiced
concern abou r ability to correctly differentiate between aggressive and chronic periodontitis
cases an ifficulties have been a major rationale for a new classification workshop.**

This article is protected by copyright. All rights reserved.
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2.Su ary and Interpretation of Evidence from Current
Works osition Papers

I
To updatew that has accumulated since the latest classification workshop, the organizing

committeeltommiSsioned a review on acute periodontal lesions including necrotizing periodontitis,*

a review of, tations of systemic diseases that affect the periodontal attachment apparatus,™

and three sitton papers that are relevant to the discussion of aggressive and chronic

periodontitis™* 15.15

The positi@n papers that addressed aggressive and chronic periodontitis reached the following

overarchinmions relative to periodontitis:

1. evidence of specific pathophysiology that enables differentiation of cases that

would ntly be classified as aggressive and chronic periodontitis or provides guidance for

ifferent interventions.

2. Thhle consistent evidence that aggressive and chronic periodontitis are different

dit there is evidence of multiple factors, and interactions among them, that
infl inically observable disease outcomes (phenotypes) at the individual level. This
true for both aggressive and chronic phenotypes.
3. On tion basis, the mean rates of periodontitis progression are consistent across all
ob

opulations throughout the world.

<
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4. There is evidence, however, that specific segments of the population exhibit different levels

of disease progression, as indicated by greater severity of CAL in subsets of each age cohort

re o the majority of individuals in the age cohort.

system based only on disease severity fails to capture important dimensions

N>

of @ individual’s disease, including the complexity that influences approach to therapy, the

risi@factor@\that influence likely outcomes, and level of knowledge and training required for

€

managing the individual case.

UsS

Authorcrpretation of Current Evidence Reviews

There is s@ffi evidence to consider Necrotizing Periodontitis as a separate disease entity.
Evidence comes from: i) a distinct pathophysiology characterized by prominent bacterial invasion
and ulceration pithelium; ii) rapid and full thickness destruction of the marginal soft tissue

resultin eristic soft and hard tissue defects; iii) prominent symptoms; and iv) rapid

resolution jm response to specific antimicrobial treatment.

L

There is @ t evidence to consider that periodontitis observed in the context of

systemic that severely impair host response should be considered a periodontal

h

manif the systemic disease and that the primary diagnosis should be the
systemﬁaccording to International Statistical Classification of Disease (ICD)."* "’
Many of t eases are characterized by major functional impairment of host defenses
and h tiple non-oral sequelae. At the moment there is insufficient evidence to

A
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consider that periodontitis observed in poorly controlled diabetes is characterized by unique

pathophysiology and/or requires specific periodontal treatment other than the control of

. o

both co-m jes.
Despite s search on aggressive periodontitis since the 1999 Workshop,' there is
H I

currently ({hsufficient evidence to consider aggressive and chronic periodontitis as two

pathophysiélogically distinct diseases.

G

Current i rial models of disease applied to periodontitis appear to account for a

S

substantial part” of the phenotypic variation observed across cases as defined by clinical

3

parameters., M le observational studies in populations with long-term exposure to microbial

biofilms o th have shown that a small segment of the adult population expresses severe

n

generalized periodontitis and most express mild to moderate periodontitis.*> ?° It is also well

d

documentad u win studies that a large portion of the variance in clinical severity of periodontitis
is attri netics.> * %% %
It is re expect that future research advances will increase our knowledge of disease-

specific mechanisms in the context of the multifactorial biological interactions involved in specific

1

phenotypes. That pursuit may be valuable in guiding better management of complex cases and may

lead to no @ paches that enhance periodontitis prevention, control, and regeneration. Multi-

dimension that combine biological and clinical parameters are emerging that better define

n

{

phenotypes an y guide deeper understanding of the mechanisms that lead to differences in

23-26

phenotype

U

There is clinical y@lue in individualizing the diagnosis and the case definition of a periodontitis

patient into account the known dimension of the multifactorial etiology to improve

A
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prognosis, account for complexity and risk, and provide an appropriate level of care for the

individual.

ript

3. Integtating Current Knowledge to Advance Classification
t

=
Gl

of Peri

USL

3.1 Clini finition of Periodontitis

'

Periodonti acterized by microbially-associated, host-mediated inflammation that results in

d

loss of perioto attachment. This is detected as clinical attachment loss (CAL) by circumferential

assessmen erupted dentition with a standardized periodontal probe with reference to the

V]

cement nction.

It is import@nt to note:

f

h| conditions other than periodontitis present with clinical attachment loss.

L
v
o

b. Pefiodontitis definitions based on marginal radiographic bone loss suffer from severe

£

limitationggas they are not specific enough and miss detection of mild to moderate

{

pe s.” Periodontitis definitions based on radiographic bone loss should be limited

U

es of mixed dentition and tooth eruption when clinical attachment level

ment with reference to the CEJ are impractical.”® In such cases periodontitis

A
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assessments based on marginal radiographic bone loss may use bitewing radiographs taken

for caries detection.

pt

3.2 OBj!CtIVES of a Periodontitis Case Definition System

A case d@&finiti system should facilitate the identification, treatment and prevention of

periodontifis ighindividual patients. Given current knowledge, a periodontitis case definition system

SC

should incl components:

U

ows identification of a patient as a periodontitis case,

1

A second that identifies the specific form of periodontitis, and

d

® A third that describes the clinical presentation and other elements that affect clinical

t, prognosis, and potentially broader influences on both oral and systemic

M

health.

[

FurthermoFes definitions may be applied in different contexts: patient care, epidemiological

surveys an h on disease mechanisms or therapeutic outcomes, as discussed in Appendix B in

the online f Periodontology. In the various contexts, case definitions may require different

diagno istics based on the objectives of the specific application, as is discussed below.

uth

3.3D on of a Patient as a Periodontitis Case

A
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Given the measurement error of clinical attachment level with a standard periodontal probe, a
degree of misclassification of the initial stage of periodontitis is inevitable and this affects diagnostic

accuracy. jsease severity increases, clinical attachment loss is more firmly established, and a

pi

periodonti e identified with greater accuracy. Decreasing the threshold of CAL increases
sensitivEy. ncreasing the threshold, requiring CAL at more than one site, and excluding causes of

CAL, other than periodontitis, increases specificity.

Cl

We should anticipate that, until more robust methods, potentially salivary biomarkers or novel soft-

S

tissue ima tefhnologies, are validated, the level of training and experience with periodontal

probing will greatlfdinfluence the identification of a case of initial periodontitis.

Gl

It should bg'noted that periodontal inflammation, generally measured as bleeding on probing (BOP),

N

is an importa ical parameter relative to assessment of periodontitis treatment outcomes and

29-32

residual disgas post-treatment. However BOP itself, or as a secondary parameter with CAL,

a

does n nge the initial case definition as defined by CAL or change the classification of

period verity.

M

Multiple periodontitis case definitions have been proposed in recent years. The AAP/CDC

[

case defini r epidemiologic surveillance and the EFP case definition for the purpose of

0

risk factor ch have been widely utilized.3* 34 Although the AAP/CDC and the sensitive

EFP definifion share similarities there are some important differences.

n

!

Inthe c 2017 World Workshop it is suggested that a single definition be adopted.

A patient i ontitis case in the context of clinical care if:

4

rdental CAL is detectable at 2 or more non-adjacent teeth, or

A
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2. Buccal or oral CAL 2 3mm with pocketing greater than 3 mm is detectable at 2 or more

teeth

{

but the ob L cannot be ascribed to non-periodontal causes such as: i) gingival recession of
traumatic ) tal caries extending in the cervical area of the tooth; iii) the presence of CAL
H I

on the distal aspect of a second molar and associated with malposition or extraction of a third molar,

iv) an endddontiCllesion draining through the marginal periodontium; and v) the occurrence of a

G

vertical root fra e.

S

Key to periodontitis case definition is the notion of “detectable” interdental CAL: the clinician being

U

able to sp identify areas of attachment loss during periodontal probing or direct visual

detection e interdental CEJ during examination, taking measurement error and local factors into

N

account.

d

It is recognized that “detectable” interdental attachment loss may represent different magnitudes of

CAL based up skills of the operator (e.g. specialist or general practitioner) and local conditions

\1

that m r impair detection of the CEJ, most notably the position of the gingival margin

with respect to the CEJ, the presence of calculus or restorative margins. The proposed case

I

definition do t stipulate a specific threshold of detectable CAL to avoid misclassification of initial

O

periodonti as gingivitis and maintain consistency of histological and clinical definitions.

There is aJ§0 a need to increase specificity of the definition and this is accomplished requiring

N

detection @f CAL gt two non-adjacent teeth. Setting a specific threshold of CAL for periodontitis

t

definition l:m) to address measurement error with CAL detection with a periodontal probe
would res classification of initial periodontitis cases as gingivitis. Specific considerations are

A
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needed for epidemiological surveys where threshold definition is likely to be based on numerical

values dependent on measurement errors.

3.4 |dentifieation of the Form of Periodontitis

Based on pa@thophysiology, three clearly different forms of periodontitis have been identified:

Cr

A. Ne@rotizing periodontitis

B. Periodonts's as a direct manifestation of systemic diseases

Differentia is is based on history and the specific sign and symptoms of necrotizing
periodontitis'a e presence or absence of an uncommon systemic disease that definitively alters
the host im sponse. Necrotizing periodontitis is characterized by history of pain, presence of
ulcerati ingival margin and/or fibrin deposits at sites with characteristically decapitated

gingival paiiillae, and, in some cases, exposure of the marginal alveolar bone. With regards to

periodontitis_as a direct manifestation of systemic disease, the recommendation is to follow the

o
of Diseaﬂated Health Problems (ICD) codes.

The vasl“r clinical cases of periodontitis do not have the local characteristics of necrotizing

classificatid

primary disease according to the respective International Statistical Classification

periodontitis or Swe systemic characteristics of a rare immune disorder with a secondary
manifestation of gériodontitis. It is the majority of clinical cases of periodontitis that present with a
range ypes that require different approaches to clinical management and offer different

This article is protected by copyright. All rights reserved.
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complexities that define the knowledge and experience necessary to successfully manage various

cases.

Since the 1999 International Classification Workshop, it has become apparent that additional
informatiow the specific form of periodontitis and the severity and extent of periodontal

breakdown is nec@ssary to more specifically characterize the impact of past disease on an individual

patient’s dentition and on treatment approaches needed to manage the case. Clinical diagnosis
needsto b [l-encompassing in expressing the effects of periodontitis and should account not
only for thmcts but also for potential systemic implications of the disease.

Sever

The degree of periodontal breakdown present at diagnosis has long been used as the key

descriptmgf the individual case of periodontitis. The 1999 case definition system is also

based on s Rationale of classification according to severity encompasses at least two

important dimensions: complexity of management and extent of disease. Important
erity definitions are worth discussing also in the context of recent
therapeutt improvements that have enabled successful management of progressively more

severe pegi is.>> Conventional definitions of severe periodontitis need to be revised to

better di nate the more severe forms of periodontitis. Another important limitation of

This article is protected by copyright. All rights reserved.
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current definitions of severe periodontitis is a paradox: whenever the worst affected teeth

in the dentition are lost, severity may actually decrease. Tooth loss attributable to

{

periodontitd ds to be incorporated in the definition of severity.

Comple nagement

Factors such as.probing depths,*® type of bone loss (vertical and/or horizontal),?’” furcation

39-41

status,38 t obility, missing teeth, bite coIIapse,42 and residual ridge defect size,

S

increase ttedfmght complexity, need to be considered and should ultimately influence

diagnostic classifycation. Explicit designation of case complexity factors help define level of

U

competen xperience that a case is likely to require for optimal outcomes.

]

Extent

d

The number€an e distribution of teeth with detectable periodontal breakdown has been part of

current cla n systems. The number of affected teeth (as a percentage of teeth present) has

¥

been u cases of chronic periodontitis in the 1999 classification® '° while the distribution

of lesions (molar incisor vs generalized pattern of breakdown) has been used as a primary descriptor

[

for aggressive_periodontitis.® *® Rationale for keeping this information in the classification system

comes fro @ that specific patterns of periodontitis (e.g. the molar-incisor pattern of younger

O

subjects p with what was formerly called localized juvenile periodontitis, provide indirect

n

t

informatiop about the specific host-biofilm interaction.

Rate of progréssion

Gl

A
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One of the most important aspects for a classification system is to properly account for variability in
the rate of progression of periodontitis. The importance of this criteria has been well recognized in
the 198#Iassification that identified a rapidly progressing form of periodontitis.** Concern
about this been mostly on how to assess the rate of progression at initial examination

in the aEseq!ce of direct evidence (e.g. an older diagnostic quality radiograph allowing comparison of

marginal boge loss over time).

Risk Factm

Recognize tors have not been previously included formally in the classification system of
periodonti ave been used as a descriptor to qualify the specific patient as a smoker or a

patient with diabetes mellitus. Improved knowledge of how risk factors affect periodontitis (higher

severity amat an earlier age) and treatment response (smaller degrees of improvements in
otitc

surrogate s and higher rates of tooth loss during supportive periodontal therapy®® ****

indicateEctors should be considered in the classification of periodontitis.

Interrelationship with general health

Since the workshop considerable evidence has emerged concerning potential effects of
periodontit Q temic diseases. Various mechanisms linking periodontitis to multiple systemic
diseaseﬂn proposed.” * Specific oral bacteria in the periodontal pocket may gain
bIoodstreai accss through ulcerated pocket epithelium. Inflammatory mediators from the
periodonti nter the bloodstream and activate liver acute phase proteins, such as C-reactive

protein (C ich further amplify systemic inflammation levels. Case-control*’*® and pilot

interve@sﬂ' *2 show that periodontitis contributes to the overall inflammatory burden of

This article is protected by copyright. All rights reserved.
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the individual which is strongly implicated in coronary artery disease, stroke and Type 2 diabetes.>*®

Initial evidence also supports the potential role of overall systemic inflammatory burden on risk for

periodonti!s.!!

Modestly Qyze periodontitis treatment studies of uncontrolled Type 2 diabetes have shown
[ |

I
value in M hyperglycemia, although reductions in hyperglycemia have not been

supportec‘ln so’e larger studies where the periodontal treatment outcomes were less

clear.'® % ugh intriguing health economics analyses have shown a reduction in cost
of care fo iple medical conditions following treatment for periodontitis,® little direct
periodont rvention evidence, beyond the diabetes experience, has convincingly

demonstr@ted the potential value of effectively treating periodontitis relative to overall

A

health be rrent evidence that effective treatment of certain cases of periodontitis

d

can favorably influence systemic diseases or their surrogates, although limited, is

intriguing an uld be definitively assessed.

A

Other need to be considered in formulating a diagnostic classification include the

medical stditus of the patient and the level of expertise needed to provide appropriate care. If the

£

patient has systemic disease, as indicated by their American Society of Anesthesiologists

O

(ASA) statu n seriously affect the clinician’s ability to control disease progression due to the

patient’s in@bility to withstand proper treatment or their inability to attend necessary maintenance

g

care.

Aut
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4. Framework for Developing a Periodontitis Staging and
Grading System

Q.

New teghnglagies,and therapeutic approaches to periodontitis management are now available such

that clinici itly advanced training can manage moderate and severe periodontitis patients to

achieve cli‘cal ou’omes that were not previously possible.

The other Wn not previously available in our classification is the directed identification of
individual ho are more likely to require greater effort to prevent or control their chronic
disease Io;:'his explicitly acknowledges the evidence that most individuals and patients
respond ;gdictably to conventional approaches to prevent periodontitis and conventional

19, 20, 63-65

therapeutimches and maintenance, while others may require more intensive and more
reve

frequent p care or therapeutic interventions, monitoring and maintenance.

Staging, an ch used for many years in oncology, has been recently discussed relative
to periodontal disease® and affords an opportunity to move beyond the one-dimensional

approacthg past destruction alone and furnishes a platform on which a

muItidimdiagnostic classification could be built. Furthermore, a uniform staging

system sh vide a way of defining the state of periodontitis at various points in time,

can b mmunicated to others to assist in treatment, and may be a factor in
S

assessing is. Periodontitis staging should assist clinicians in considering all relevant

dimensio elp optimize individual patient management and thus represents a critical

step to@onalized care (or precision medicine).
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Staging relies on the standard dimensions of severity and extent of periodontitis at presentation but

introduces the dimension of complexity of managing the individual patient.

{

As it is rec hat subjects presenting with different severity/extent and resulting complexity of
managem sent different rates of progression of the disease and/or risk factors, the
H I

informatioRiderived from the staging of periodontitis should be supplemented by information on the

inherent ogi grade of the disease. This relies on three sets of parameters: i) rate of

G

periodontitis progression; ii) recognized risk factors for periodontitis progression; and iii) risk of an

individual’ ecting the systemic health of the subject.

US

The conce lue of “staging” has been extensively developed in the oncology field. Staging of

tumors is Based on current observable clinical presentation including size or extent and whether it

N

has metastasiz his may be an example of how one might communicate current severity and

a

extent of a as well as the clinical complexities of managing the case. To supplement staging,

that pr a summary of clinical presentation, grade has been used as an assessment of the

potenti specific tumor to progress, i.e. to grow and spread, based on microscopic appearance

M

of tumor cells. In addition, current molecular markers often guide selection of specific drug
therapies, by incorporate biological targets that increase the granularity of the grade and

thus may the probability of a favorable clinical outcome. These concepts have been

or

adapted to titis, as summarized in Table 1, and as described in detail below.

n

While devising a general framework, it seems relevant from a patient management standpoint to

t

differentia tages of periodontitis. Each of these stages is defined by unique disease

U

presentati ms of disease severity and complexity of management. In each stage of severity, it

may be identify subjects with different rates of disease progression and it is foreseen that,

A
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in the future, stage definition will be enriched by diagnostic tests enabling definition of the biological

“grade” and/or susceptibility of periodontitis progression in the individual patient. The addition of

t

P

grade may be_achieved by refining each subject’s stage definition with a Grade A, B or C, in which
increasing refer to subjects with direct or indirect evidence of different rates of

. [ | .
periodontal breakdown and presence and level of control of risk factors.

I

An individyal cas ay thus be defined by a simple matrix of Stage at presentation (severity and

G

complexity o agement) and Grade (evidence or risk of progression and potential risk of systemic

S

impact of nt’'s periodontitis; these also influence the complexity of management of the

case). Table 2 illusprates this concept and provides a general framework that will allow update and

Gl

revisions o as specific evidence becomes available to better define individual components,

N

particularl biological grade dimension of the disease and the systemic implications of

periodontitis

d

Stage ontitis

M

Stage | Periodontitis is the borderland between gingivitis and periodontitis and represents the early

stages of atachment loss. As such, subjects with Stage | Periodontitis have developed periodontitis

[

in respons istence of gingival inflammation and biofilm dysbiosis. They represent more than

O

just an ear osis: if they show a degree of clinical attachment loss at a relatively early age,

these subjé@tts may have heightened susceptibility to disease onset. Early diagnosis and definition of

q

a popul eptible subjects offers opportunities for early intervention and monitoring that

t

may prove moreNeost-effective at the population level as shallow lesions may provide specific

Ul

options for bot nventional mechanical biofilm removal and pharmacological agents delivered in

oral hy s. It is recognized that early diagnosis may be a formidable challenge in general

A
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dental practice as periodontal probing to estimate early clinical attachment loss — the current gold
standard for defining periodontitis — may be inaccurate. Assessment of salivary biomarkers and/or
new imagil chnologies may increase early detection of Stage | Periodontitis in a variety of

settings.

H I
Stage |l Wntitis

Stage Il PeUs represents the stage of established periodontitis in which a carefully performed
clinical pe%examination identifies the characteristic damages that periodontitis has caused

to tooth s t this stage of the disease process, however, management remains relatively
s

simple for es as application of standard treatment principles involving regular personal and

profession! bacterial removal and monitoring is expected to arrest disease progression at this stage.

Careful ev f the Stage Il patient’s response to standard treatment principles is essential,
and the ca e plus treatment response may guide more intensive management for specific
patients.

Stage lll Periodontitis

At Stage I, perloaontitis has produced significant damage to the attachment apparatus and, in the

absence of @ d treatment, some teeth may be at risk of being lost. The stage is characterized

by the pre deep periodontal lesions that extend to the middle portion of the root whose

managemit Is cinplicated by the presence of deep intrabony defects, furcation involvement,

history of i tal tooth loss/exfoliation, presence of localized ridge defects that complicate
implant to cement. In spite of the possibility of tooth loss, masticatory function is preserved,
and tre f periodontitis does not require complex rehabilitation of function.
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Stage IV Periodontitis

At the aned Stage IV, periodontitis has caused considerable damage to the periodontal

support acaused significant tooth loss; this translates in loss of masticatory function. In

the absgncgeafaprgper control of the periodontitis and adequate rehabilitation, the dentition is at

risk of beirL

This stage

C

cterized by the presence of deep periodontal lesions that extend to the apical

portion offthé¥rodt and/or history of multiple tooth loss; it is frequently complicated by tooth

S

hypermobi to secondary occlusal trauma and the sequelae of tooth loss: posterior bite

U

collapse a g. Frequently, case management requires stabilization/restoration of masticatory
function. !
Grade o@iontitis

Irrespecti € Stage at diagnosis, periodontitis may progress with different rates in individual

)Y

subjects, may respond less predictably to treatment in some patients, and may or may not influence

1

general he stemic disease. This information is critical for precision medicine but has been an

elusive obj achieve in clinical practice. In recent years, validated risk assessment tools,*>®’

and presence of any one of three individually validated risk factors®> have been associated with

tooth |

n

ing that it is possible to estimate risk of periodontitis progression and tooth loss.

{

In the pas f periodontitis progression has been incorporated into the classification system

U

by definin forms of periodontitis with high(er) rates of progression or presenting with more

severe ion relatively early in life.”® One major limitation in the implementation of this

A
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knowledge has been the assumption that such forms of periodontitis represent different entities and

thus focus has been placed on identification of the form rather than the factors contributing to

£

P

progression. The systematic reviews informing this workshop have indicated that there is no
evidence t at such forms of periodontitis have a unique pathophysiology, rather the

complex-i erplay of risk factors in a multifactorial disease model may explain the phenotypes of

I

periodontitis, in gexposed patients. In this context, it seems useful to provide a framework for

C

implement biological grade (risk or actual evidence of progression) of periodontitis in the

individual patight

S

Recognized risk fa@tors, such as cigarette smoking or metabolic control of diabetes, affect the rate of

Ul

progressio dontitis and, consequently, may increase the conversion from one stage to the

[

next. Emer, factors like obesity, specific genetic factors, physical activity or nutrition may one

day contriblte ‘va sessment and a flexible approach needs to be devised to ensure that the case-

definiti

ill adapt to the emerging evidence.

Diseas

M

ity at presentation/diagnosis as a function of patient age has also been an

important indirect assessment of the level of individual susceptibility. While not ideal — as it

I

requires s t disease at early age or minimal disease at advanced age — this concept

has been @ linical practice and risk assessment tools to identify highly susceptible or

relatively (fesistant individuals. One approach has been the assessment of bone loss in

£

relatio t age by measuring radiographic bone loss in percentage of root length

{

divided b e of the subject. This approach was originally applied in a longitudinal

U

68, 69

assessment of _gisease progression assessed in intraoral radiographs and was later

incorpo n the theoretical concept that led to development of the periodontal risk

A
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31, 70

assessment (PRA) system. More recently, an individual’s severity of CAL has been

compared to their age cohort.* This information from large and diverse populations could

be consid age standard for CAL, with the assumption that individuals who exceed the
mean CAL or a high percentile in the age cohort would be one additional piece of
N

objective Waformation that may represent increased risk for future progression. The CAL

[

must be @in some way based on number of missing teeth to avoid biasing the CAL
based on ing only remaining teeth after extraction of the teeth with the most severe

periodontitis. Such challenges again require a framework that will adapt to change as more

precise wstimate individual susceptibility become available.

Integrating Biomarkers in a Case Definition System

Clinical pangme % are very effective tools for monitoring the health-disease states in most patients,
likely b respond favorably to the key principles of periodontal care, which include regular
disruption, uction of the gingival and subgingival microbiota. Current evidence suggests,
however, that some individuals are more susceptible to develop periodontitis; more susceptible to

develop pr&ressive severe generalized periodontitis; less responsive to standard bacterial control

principles Qenting and treating periodontitis; and theoretically more likely for their
periodontitis versely impact systemic diseases.

If due \;actors, such individuals are more likely than others to develop and maintain a

dysbiotic ﬂcrobiota in concert with chronic periodontal inflammation, it is unclear whether current

clinical parEare sufficient to monitor disease development and treatment responses in such
patients. se individuals, biomarkers, some of which are currently available, may be valuable
to augmentin tion provided by standard clinical parameters.
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Biomarkers may contribute to improved diagnostic accuracy in the early detection of periodontitis
and are likely to provide decisive contributions to a better assessment of the Grade of periodontitis.
They may !s ijst both in staging and grading of periodontitis. The proposed framework allows

introducti d biomarkers in the case definition system.

H I
Integrathledge of the Interrelationship between Periodontal Health

and Geng@ral Health in a Case Definition System

¢

At presenws only emerging evidence to identify specific periodontitis cases in which

periodontal treatSent produces general health benefits. it is important to identify approaches to

capture so&nsions of the potential systemic impact of a specific periodontitis case and its

treatment e the basis for focusing attention on this issue and beginning to collect evidence

necessary m whether effective treatment of certain cases of periodontitis truly influence

systemiSa meaningful way.

Specific considerations for use of the Staging and Grading of Periodontitis with epidemiological and

research appllcatlons are discussed in Appendix B in the online Journal of Periodontology.

O

5. In&tion of Staging and Grading in the Case
Definiﬁystem of Periodontitis

<
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A case definition system needs to be a dynamic process that will require revisions over time in much

the same way the tumor, node, metastasis (TNM) staging system for cancer has been shaped over

,t

many decade needs to be:

i) ugh to be clinically applicable but not simplistic: additional knowledge has

istinguished dimensions of periodontitis, such as complexity of managing the case to

rovide the best level of care

ii)

dized in order to be able to support effective communication among all

stakeholders

USC

iii) ccessible to a wide range of people in training and understood by members of the oral

ealth care team around the world

F

It is suggested a case definition based on a matrix of periodontitis stage and periodontitis grade

d

be ado ultidimensional view of periodontitis would create the potential to transform

our view of ntitis. And the powerful outcome of that multidimensional view is the ability to

V]

communicate better with patients, other professionals, and third parties.

Stage o dontitis (Table 3)

Of

At present, data are available to assess the two dimensions of the Staging process: severity

n

and co ese can be assessed in each individual case at diagnosis by appropriate

|

anamnestid clinical and imaging data.

The severi

U

is primarily based on interdental CAL in recognition of low specificity of both

pocketi arginal bone loss, although marginal bone loss is also included as an additional

A
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descriptor. It follows the general frame of previous severity based scores and is assigned based on

the worst affected tooth in the dentition. Only attachment loss attributable to periodontitis is used

t

for the score.

The comp is based on the local treatment complexity assuming the wish/need to
[ |

completely@eliminate local factors and takes into account factors like presence of vertical defects,

furcation olveMent, tooth hypermobility, drifting and/or flaring of teeth, tooth loss, ridge

deficiency an s of masticatory function. Besides the local complexity, it is recognized that

SG

individual agement may be complicated by medical factors or comorbidities.

U

The diagn ification presented in Table 3 provides definitions for four stages of periodontitis.

In using th@'table, it is important to use clinical attachment loss as the initial Stage determinant in

£

the Severit sion. It is recognized that in clinical practice application some clinicians may

d

prefer to ostic quality radiographic imaging as an indirect and somehow less sensitive

assess periodontal breakdown. This may be all that is necessary to establish the stage.

Howev er factors are present in the Complexity dimension that influence the disease then

M

modification of the initial stage assignment may be required. For example, in case of very short

[

common r a CAL of 4 mm may have resulted in class Il furcation involvement, hence shifting

the diagnStage Il to Stage lll periodontitis. Likewise, if posterior bite collapse is present
then the St ould be the appropriate Stage diagnosis since the complexity is on the Stage IV
level.

{

Evidence f ng different stages based on CAL loss/bone loss in relation to root length is

somewhat

Al
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Patients who have been treated for periodontitis may be periodically staged to monitor them. In
most of successfully treated patients, complexity factors that might have contributed to baseline
staging Men resolved through treatment. In such patients CAL and RBL will be the primary
stage deter . If a stage shifting complexity factor(s) were eliminated by treatment, the stage
should no&\o a lower stage since the original stage complexity factor should always be
considepedmimmm@intenance phase management. A notable exception is successful periodontal
regenerati ay, through improvement of tooth support, effectively improve CAL and RBL of

the specifigféot

SCE

Grade (Bodontitis (Table 4)

Grading ad@s another dimension and allows rate of progression to be considered. Table 4 illustrates

f

periodontit ing based on primary criteria represented by the availability of direct or indirect

evidence ofpe ntitis progression. Direct evidence is based on longitudinal observation available

d

for exa the form of older diagnostic quality radiographs. Indirect evidence is based on the

assess

M

bone loss at the worst affected tooth in the dentition as a function of age (measured

as radiographic bone loss in percentage of root length divided by the age of the subject).

I

Periodonti can then be modified by the presence of risk factors.

O

The object ading is to use whatever information is available to determine the likelihood of

the case pf@gressing at a greater rate than is typical for the majority of the population or responding

f

less predictably toltandard therapy.

{

Clinicians should agproach grading by assuming a moderate rate of progression (Grade B) and look

U

for direct an ect measures of actual progression in the past as a means of improving the

establish rognosis for the individual patient. If the patient has risk factors that have been

A
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associated with more disease progression or less responsiveness to bacterial reduction therapies,
the risk factor information can be used to modify the estimate of the patient’s future course of
disease.Hr, should therefore shift the grade score to a higher value independently of the
primary cr sented by the rate of progression. For example, a Stage and Grade case
definitio-n m!oue characterized by moderate attachment loss (Stage ll), the assumption of
moderate rate progression (Grade B) modified by the presence of poorly controlled Type I

diabetes (a or that is able to shift the Grade definition to rapid progression or Grade C).
In summarmdontitis diagnosis for an individual patient should encompass 3 dimensions:
1. Deaf a periodontitis case based on detectable CAL loss at two non-adjacent teeth

2. Ideg';fication of the form of periodontitis: necrotizing periodontitis, periodontitis as a

mmon of systemic disease or periodontitis
3. of the presentation and aggressiveness of the disease by Stage and Grade (see
Ap in online Journal of Periodontology)

6. Coans

The proEog Sta;ing and Grading of periodontitis provides an individual patient assessment that

classifieH two dimensions beyond severity and extent of disease that identify patients as

to complexity oESnanaging the case and risk of the case exhibiting more progression and/or

respondimg{dictably to standard periodontal therapy. The proposed risk stratification is based
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on well-validated risk factors including smoking, uncontrolled Type 2 diabetes, clinical evidence of

progression or disease diagnosis at an early age, and severity of bone loss relative to patient age.

{

The prop ing and Grading explicitly acknowledges the potential for some cases of
periodonti ce systemic disease. The current proposal does not intend to minimize the
H I

importancéjor extent of evidence supporting direct distal effects of periodontal bacteremia on

adverse prégnancfhoutcomes and potentially other systemic conditions; but focuses on the role of

G

periodontitis as_the second most frequent factor (obesity being the most frequent) that is well-

S

document odifiable contributor to systemic inflammatory burden.

3

The propo ng and grading is designed to avoid the paradox of improvement of disease

severity ofserved after loss/extraction of the more compromised teeth. This is achieved by

N

incorporatin ever available, knowledge about periodontitis being the predominant reason for

loss of one teeth.

c

Finally, one o trong benefits of the Staging and Grading of Periodontitis is that it is designed to

WY

accom lar review by an ad hoc international task force to ensure that the framework

incorporatgs relevant new knowledge within an already functioning clinical application.

[

tho

Table 1. Prifnary Goals in Staging and Grading a Periodontitis Patient

AU
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Staging a Periodontitis Patient

* Goals

« Classify Severity and Extent of an individual based on currently
measurable extent of destroyed and damaged tissue attributable
to periodontitis

* Assess Complexity. Assess specific factors that may determine
complexity of controlling current disease and managing long-
term function and esthetics of the patient's dentition

Grading a Periodontitis Patient

* Goals

 Estimate Future Risk of periodontitis progression and
responsiveness to standard therapuetic principles, to guide
intensity of therapy and monitoring

« Estimate Potential Health Impact of Periodontitis on systemic
disease and the reverse, to guide systemic monitoring and co-
therapy with medical colleagues

Table 2 - work for Staging and Grading of Periodontitis

Author ¥
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Disease Severity and Complexity of Management

Stage | Stage Il Stage lll Stage IV
Initial Periodontitis | Moderate Severe Periodontitis | Advanced Periodontitis
Periodontitis with potential for with extensive tooth

additional tooth loss and potential for

loss of dentition

cript

loss
%e orrisk of rapid | Grade A Individual Stage and Grade Assignment
sion, anticipated
Grade B
treatment response and
Grade C

n systemic health

-~
O
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0006.

anuscript accepted for publication and has undergone full peer review but has not been through the copyediting, typesetting, pagination
process, which may lead to differences between this version and the Version of Record. Please cite this article as doi: 10.1002/JPER.18-

M

. -

This article 1s protected by copyright. All rights reserved.

O

h


https://doi.org/10.1002/JPER.18-0006
https://doi.org/10.1002/JPER.18-0006
https://doi.org/10.1002/JPER.18-0006

Table 3 — Periodontitis Stage — Please see text and appendix A (in online
Journal of Periodontology) for explanation

Periodontitis *

C

=

L

(O
O

4mm

Mostly
horizontal bone
loss

5mm

Mostly horizontal
bone loss

Complexity: Probing
depth 6-7mm

Vertical bone loss > 3
Furcation Il or 1ll

Moderate ridge defect

Stage | Stage I Stage Il Stage IV
Severity o |aterdental 1-2 mm 3-4 mm >5mm >8mm
L at site
t
|
thc Coronal third (< Coronal third Extending to Middle Extending to Apical third
m 15%) (15-33%) third
Tooth 10ss No Perio Tooth Loss Perio tooth loss < 4 Perio tooth loss > 5
; teeth teeth
Complexity Probing depth < | Probing depth < In addition to Stage Il In addition to Stage IlI

Complexity, Need for
complex rehabilitation
due to: Masticatory
dysfunction

Secondary occlusal

trauma
(Tooth mobility > 2)

Bite collapse, drifting,
flaring

Less than 20 remaining
teeth

(10 opposing pairs);
Probing depth > 8mm

Severe ridge defect

-
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Extent &
distribution

Add to Stage
as descriptor

For each Stage, describe extent as localized (<30% of teeth involved), generalized or molar

incisor pattern

The initial
tooth loss tf

e

@ Id be determined using CAL; if not available then RBL should be used. Information on
ributed primarily to periodontitis — if available — may modify stage definition. This is

NA0C g

the case even in the absence of complexity factors. Complexity factors may shift the Stage to a higher level, for

example*u
Stage Ill an

is primarily based on complexity factors. For example, a high level of tooth mobility

rg!lon | or Il would shift to either Stage Il or IV irrespective of the CAL. The distinction between

and/or postegior pite collapse would indicate a Stage IV diagnosis. For any given case only some, not all,
complexity f@ctors nilay be present, however, in general it only takes 1 complexity factor to shift the diagnosis
to a higher should be emphasized that these case definitions are guidelines that should be applied

using soundmdgment to arrive at the most appropriate clinical diagnosis.
For post-trea nPpatients CAL and RBL are still the primary stage determinants. If a stage shifting complexity

factor(s) wjted by treatment, the stage should not retrogress to a lower stage since the original

stage complexity fa

r should always be considered in maintenance phase management.

AbbreviatioCIinical attachment loss; RBL = radiographic bone loss.

Table
Journ

alo i

(O

ontitis Grade — Please see text and appendix A (in online
dontology) for explanation

Periodontitis Gride

Primary
Criteria

Grade A Grade B Grade C
Slow rate of Moderate rate Rapid rate of progression

Q progression of progression
Dir Longitudinal § Evidence of no <2 mm over 5 >2 mm over 5 years

f data (PA loss years

n radiographs over 5 years

or CAL loss)
': Bone <0.25 0.25-1.0 >1.0
evide f loss/age
ssion

This article is protected by copyright. All rights reserved.

Page 34 of 41




Version 9.0

Case Heavy biofilm Destruction Destruction exceeds expectation
phenotype deposits with commensurate | given biofilm deposits; Specific
low levels of with biofilm clinical patterns suggestive of
H destruction deposits periods of rapid progression
and/or Early onset disease ...
Q e.g. Molar incisor pattern; Lack
of expected response to
T — standard bacterial control
L therapies
Grade 5 Smoking Non-Smoker Smoker <10 Smoker 210 cigarettes/day
modifiers cigarettes/day
w Diabetes Normoglycaemic HbAlc > 7.0 in diabetes patient
with or without | HbAlc<7.0in
: prior diagnosis diabetes
of diabetes patient
F
Risk of Inflammatory | yigh <1mg/L 1-3 mg/L >3 mg/L
systemic sensistivity
impact of Burden CRP (hsCRP)
periodontitis*
Biomarkers Indicators of | sajiva, GCF, ? ? ?
CAL/bone SR
loss

Grade shoum as an indicator of the rate of periodontitis progression.

direct or ind
estimation
(radiographic b0

Clinicians s
availabl

presence ofIisk facti's.

*Refers to |

The primary criteria are either

i eVidence of progression. Whenever available, direct evidence is used; in its absence indirect
@ Jsing bone loss as a function of age at the most affected tooth or case presentation
loss expressed as percentage of root length divided by the age of the subject, RBL/age).
lly assume Grade B disease and seek specific evidence to shift towards grade A or C, if
is established based on evidence of progression, it can be modified based on the

k that periodontitis may be an inflammatory co-morbidity for the specific patient. CRP values

represent a summatiofil of the patient’s overall systemic inflammation, which may be in part influenced by periodontitis,

but otherwi
physicians. The gr

=3

nexplained” inflammatory burden that be valuable to assess in collaboration with the patient’s

r of the table cells refers to the need to substantiate with specific evidence. This element is placed
attention to this dimension of the biology of periodontitis. It is envisaged that in the future it will be
he information into periodontitis Grade to highlight the potential of systemic impact of the disease in

the specific case.
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