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Abstract

Background: The recently published clinical practice guideline (CPG) for the treat-

ment of periodontitis in stages I–III provided evidence-based recommendations for

the treatment of periodontitis patients, defined according to the 2018 classification.

Stage IV periodontitis shares the severity and complexity characteristics of stage III

periodontitis, but includes the anatomical and functional sequelae of tooth and peri-

odontal attachment loss (tooth flaring and drifting, bite collapse, etc.), which require

additional interventions following completion of active periodontal therapy.

Aim: To develop an S3 Level CPG for the treatment of stage IV periodontitis, focus-

ing on the implementation of inter-disciplinary treatment approaches required to

treat/rehabilitate patients following associated sequelae and tooth loss.

Materials and Methods: This S3 Level CPG was developed by the European Federa-

tion of Periodontology (EFP), following methodological guidance from the Association

of Scientific Medical Societies in Germany and the Grading of Recommendations

Assessment, Development and Evaluation (GRADE) process. A rigorous and transpar-

ent process included synthesis of relevant research in 13 specifically commissioned

systematic reviews, evaluation of the quality and strength of evidence, the formula-

tion of specific recommendations and a structured consensus process with leading

experts and a broad base of stakeholders.

Results: The S3 Level CPG for the treatment of stage IV periodontitis culminated in

recommendations for different interventions, including orthodontic tooth movement,

EFP workshop participants and methodological consultant are listed in Appendix.
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tooth splinting, occlusal adjustment, tooth- or implant-supported fixed or removable

dental prostheses and supportive periodontal care. Prior to treatment planning, it is

critically important to undertake a definitive and comprehensive diagnosis and case

evaluation, obtain relevant patient information, and engage in frequent re-evaluations

during and after treatment. The periodontal component of therapy should follow the

CPG for the treatment of periodontitis in stages I–III.

Conclusions: The present S3 Level CPG informs clinical practice, health systems,

policymakers and, indirectly, the public on the available and most effective modalities

to treat patients with stage IV periodontitis and to maintain a healthy dentition over

lifetime, according to the available evidence at the time of publication.

K E YWORD S

clinical guideline, dental implant, orthodontic, stage IV, periodontitis, prosthodontic

Clinical Relevance

Scientific rationale for study: Patients with stage IV periodontitis share the severity and complex-

ity features of stage III periodontitis but, in addition, suffer from the functional sequelae and

consequences of tooth loss, frequently associated with advanced periodontitis. This clinical

practice guideline (CPG) aimed to provide guidance on the necessary inter-disciplinary therapy

required to rehabilitate the compromised dentition in such patients. The interventions described

in this CPG should be derived following a rigorous evidence-based and patient-centred

decision-making process.

Principal findings: This guideline was developed using strict and validated methodologies for

assuring the best available evidence on the efficacy of the interventions considered, and the

most appropriate recommendations based on a structured consensus process, including a panel

of experts and representatives from key stakeholder groups.

Practical implications: The application of this S3 Level CPG will allow a consistent, inter-

disciplinary and evidence-based approach to the management of stage IV periodontitis.

1 | INTRODUCTION

1.1 | The health problem

1.1.1 | Definition

Periodontitis is characterized by progressive destruction of the tooth-

supporting apparatus (periodontium), with primary features being clin-

ical attachment loss (CAL), radiographically assessed alveolar bone

loss, presence of periodontal pockets and bleeding (Papapanou

et al., 2018). Periodontitis is characterized further by defining the

stage and grade of the disease: stage captures the severity, extent and

distribution of the disease, as well as the anticipated complexity for its

management; grade captures additional biological dimensions of the

disease including the observed and/or anticipated progression rate,

predicted treatment outcomes, and the risk that the disease or its

treatment will adversely affect the general health of the patient

(Papapanou et al., 2018; Tonetti et al., 2018).

The management of stages I–III periodontitis has already been

described in a previously published clinical practice guideline (CPG)

(Sanz, Herrera, et al., 2020). The present CPG focuses on the treatment

of stage IV periodontitis. The distinction between periodontitis stage III

and stage IV is primarily based on the common sequelae of advanced

loss of periodontal tissue support, which include: (i) tooth loss, resulting

in <20 remaining teeth (<10 opposing pairs); (ii) masticatory dysfunc-

tion; (iii) tooth mobility grade ≥2; (iv) severe alveolar ridge defects; and

(v) occlusal collapse (tooth drifting, flaring). These unique features of

stage IV periodontitis require treatment of a higher level of complexity,

but also necessitate an inter-disciplinary approach for rehabilitation of

the impaired dentition (Papapanou et al., 2018; Tonetti et al., 2018;

Tonetti & Sanz, 2019).

Periodontitis represents a major public health problem due to

its high prevalence and associated morbidity. Severe periodontitis,

in particular, may lead to disability due to impaired chewing func-

tion and aesthetics or edentulism, is a source of social inequality,

and significantly impairs quality of life (Tonetti et al., 2017). In addi-

tion, severe periodontitis has a negative impact on general health

and is associated with significant dental care costs (Tonetti

et al., 2017).

A major difference between the treatment of periodontitis stages

III and IV is the need for a stage IV patient to maintain/re-establish a

functional dentition and the necessity for a rigorous supportive care
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programme prior to, throughout, and following the rehabilitation phase

of care. It has been shown that patients with stage IV periodontitis,

when compared with stage I, have a higher risk of periodontal-related

tooth loss over a period of follow-up of 10–30 years (hazard ratio 3.73)

(Ravida et al., 2020) as well as a higher risk for pathological tooth migra-

tion and other functional consequences (Kwok & Caton, 2007).

1.1.2 | Pathophysiology

Periodontitis is initiated by the accumulation of a dental plaque bio-

film at and below the gingival margin, which becomes increasingly

dysbiotic (Meyle & Chapple, 2015) and which results in dysregulation

of the host immune-inflammatory response, which further drives the

dysbiosis and results in the destruction of periodontal tissues

(Hajishengallis & Chavakis, 2021).

1.1.3 | Prevalence

Periodontitis is the most common chronic inflammatory non-

communicable disease of humans. According to data originating from

the Global Burden of Disease (GBD) database, 1.1 billion cases of

severe periodontitis were prevalent globally in 2019, and an 8.44%

(95% confidence interval—CI [6.62; 10.59]) increase in the age-

standardized prevalence rate of severe periodontitis was observed

between 1990 and 2019 (Chen et al., 2021).

In a Swedish population, the prevalence of severe masticatory

dysfunction was found to be low (Salonen et al., 1990), but in a popu-

lation of institutionalized older adults (65 years or more) in Italy, the

prevalence of masticatory dysfunction, mainly caused by untreated

edentulism, was 35% and it was associated with all-cause mortality

after 9 years (Laudisio et al., 2016).

The prevalence (global age-standardized prevalence) of complete

edentulism in 12-year or older individuals was 4.4% in 1990 and 2.4%

in 2010, with incidences of 374 and 205 per 100,000 person-years

cases, respectively, with no differences between sexes, and a gradual

increase with age, peaking at 65 years (Kassebaum et al., 2014). Geo-

graphic differences were evident, with European countries presenting

high incidences (Kassebaum et al., 2014). In the United States, data

from NHANES 2005–2016 showed 4.5% complete edentulism with

10.3% of subjects lacking a functional dentition (i.e., having only one

and up to 19 remaining teeth) (Al-Zahrani et al., 2021). Complete and

partial edentulism were more frequent in persons with systemic co-

morbidities or with a compromised systemic condition (Parker

et al., 2020). The negative impact of edentulism on quality of life, nutri-

tion and systemic health has been well established (Griffin et al., 2012).

1.1.4 | Consequences of failure to treat

If no treatment is provided for stage IV periodontitis, or if the treat-

ment is inadequate and/or not comprehensive (e.g., does not result in

sufficient rehabilitation or correction of the masticatory dysfunction),

the risk of additional loss of tooth-supporting tissues increases and

may lead to complete edentulism. Untreated severe periodontitis may

result in substantial tooth loss in adults (Ramseier et al., 2017) and

ranks 77th among the 100 most relevant human conditions resulting

in disability (Marcenes et al., 2013).

Severe periodontitis and dental caries account for more years lost

to disability than any other human disease (GBD 2017 Disease and

Injury Incidence and Prevalence Collaborators, 2018).

Furthermore, periodontitis is associated with a range of systemic dis-

eases including diabetes (Sanz et al., 2018), cardiovascular diseases

(Tonetti, Van Dyke, & Working group 1 of the joint EFP/AAP

Workshop, 2013; Sanz, Marco Del Castillo, et al., 2020) and adverse preg-

nancy outcomes (Sanz, Kornman, & Working group 3 of joint EFP/AAP

Workshop, 2013). It is also independently associated with premature

death from all causes or cardiovascular disease (Garcia et al., 1998;

Soikkonen et al., 2000; Soder et al., 2007; Linden et al., 2012), in particu-

lar in multi-morbid populations where the impact of periodontitis is equiv-

alent to having co-morbid diabetes mellitus (Sharma et al., 2016), and also

results in increased medical expenditure (Sato et al., 2016).

1.1.5 | Financial aspects

On a global scale, periodontitis of all stages is estimated to cost $54 billion

in direct treatment costs and further $25 billion in indirect costs (GBD

2017 Disease and Injury Incidence and Prevalence Collaborators, 2018).

Periodontitis, and especially severe periodontitis (including stages III and IV

periodontitis), contributes significantly to the total expenditure allocated to

manage dental diseases due to the need to replace lost teeth. In 2015, the

total cost of dental diseases was estimated to amount to $544.41 billion,

run on billion being $356.80 billion direct costs (dental expenditures), and

$187.61 billion indirect costs (productivity losses) (Righolt et al., 2018).

Although the economic impact of edentulism has not been clearly

established, at least two factors may support its importance: on the

one hand, the need of rehabilitation; on the other hand, and in case of

lack of rehabilitation, the negative consequences already listed in

quality of life, nutrition, systemic health, etc. In addition, it has also

been concluded that individual- and community-level social inequal-

ities have a strong impact on edentulism (Ito et al., 2015).

2 | AIM OF THE GUIDELINE

This guideline aims to highlight the importance of, and need for scien-

tific evidence in, clinical decision-making in the treatment of patients

with stage IV periodontitis. Its main objective, therefore, is to summarize

the evidence-based recommendations for the individual interventions

involved in the multidisciplinary management of stage IV periodontitis,

based on the best available evidence and/or expert consensus. In so

doing, this guideline aims to (i) inform sound multidisciplinary therapeu-

tic approaches to the treatment of stage IV periodontitis, and thereby

improve the overall quality of periodontal treatment rendered in Europe
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and worldwide, (ii) reduce tooth loss associated with periodontitis, and

ultimately (iii) improve overall systemic health and quality of life.

2.1 | Target users of the guideline

Dental professionals, together with stakeholders related to oral health

care, including patients. In addition, this CPG aims to inform medical

professions, health systems, policymakers, patients and the public.

2.2 | Targeted environments

Academic/hospital environments, community-based dental clinics and

practices were the targeted environments for this guideline.

2.3 | Targeted patient population

Patients were selected based on the following criteria:

I. People with stage IV periodontitis.

II. People with stage IV periodontitis, following successful peri-

odontal treatment.

III. People with stage IV periodontitis, following successful peri-

odontal and multidisciplinary treatment.

2.4 | Exceptions from the guideline

This guideline does not consider in detail the health/economic cost–

benefit ratio of the proposed therapies, since (i) the target users and

patient populations include people in different countries with diverse,

not readily comparable healthcare systems, and (ii) there is a paucity

of sound scientific data available addressing this issue.

This guideline does not consider the treatment of gingivitis (although

management of gingivitis is included as an indirect goal in a number of

proposed interventions), the treatment of stages I–III periodontitis

(already covered in a previously published guideline; Sanz, Herrera,

et al., 2020), necrotising periodontitis (Herrera et al., 2018; Papapanou

et al., 2018), periodontitis as manifestation of systemic diseases and

mucogingival conditions (Jepsen et al., 2018). However, we emphasize

that (i) treatment of gingivitis is a primary prevention strategy for peri-

odontitis (Chapple et al., 2015), and (ii) maintenance of stable periodontal

tissues requires the control of gingival inflammation (Chapple et al., 2018).

3 | METHODOLOGY

3.1 | General framework

This guideline was developed following methodological guidance pub-

lished by the Standing Guideline Commission of the Association of

Scientific Medical Societies in Germany (AWMF) (https://www.awmf.

org/leitlinien/awmf-regelwerk/awmf-guidance.html) and the Grading

of Recommendations Assessment, Development and Evaluation

(GRADE) working group (https://www.gradeworkinggroup.org/).

The guideline was developed under the auspices of the European

Federation of Periodontology (EFP) and overseen by the EFP Work-

shop Committee. This guideline development process was steered by

an organizing committee and a methodology consultant designated by

the EFP. All members of the organizing committee participated in the

EFP workshop committee.

To ensure adequate stakeholder involvement, the EFP established

a guideline panel involving dental professionals representing national

periodontal societies within the EFP, together with experts in ortho-

dontics, prosthodontics, implant dentistry, oral surgery and oral diag-

nosis (Table 1). These delegates were nominated and selected by the

organizing committee and participated in the guideline development

process with voting rights in the consensus conference. For the guide-

line development process, delegates were assigned to four working

groups that were chaired by selected members of the organizing com-

mittee and guided by the methodology consultant. This panel was

supported by key stakeholders from European scientific societies with

a strong professional interest in periodontal care and from European

organizations representing key groups within the dental profession

(Table 2), and key experts from non-EFP member regions, such as

North America and Australia.

In addition, the EFP engaged an independent guideline methodol-

ogist to advise the panel and facilitate the consensus process (Prof.

Dr. med. Ina Kopp [I.K.]). The guideline methodologist had no voting

rights.

The EFP and the guideline panel attempted to involve patient

forums/organizations but were unable to identify any groups focused

on periodontal diseases at a pan-European level. In a future update,

efforts will be undertaken to include the perspectives of citizens/

patients (Brocklehurst et al., 2018), and national societies will be

encouraged to involve patient groups within individual countries, as

key stakeholders for the Adaptation, Adoption, De Novo Development—

“ADOLOPMENT” of this GPG (Schünemann et al., 2017).

3.2 | Evidence synthesis

3.2.1 | Systematic search and critical appraisal of
guidelines

To assess and utilize existing guidelines during the development of

the present guideline, we performed electronic searches in a range of

well-established guideline registers and the websites of large peri-

odontal societies:

• Guideline International Network (GIN)

• Guidelinecentral.com

• The National Institute for Health and Clinical Excellence (NICE)

• Canadian Health Technology Assessment (CADTH)
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TABLE 1 Guideline panel

Scientific society/organization Delegate(s)

European Federation of Periodontology (EFP)

*Selected experts not belonging to EFP (experts in orthodontics,

prosthodontics, implant dentistry, oral surgery, oral diagnosis)

Organizing Committee, Working Group Chairs (in alphabetic order):

Tord Berglundh, Iain Chapple, David Herrera, Søren Jepsen, Moritz Kebschull,

Panos Papapanou, Mariano Sanz, Anton Sculean, Maurizio Tonetti

Methodologists: Ina Kopp

Clinical Experts (in alphabetic order):

Mario Aimetti

Bilal Al-Nawas*

Juan Blanco

Philippe Bouchard

Maria Clotilde Carra

Tali Chackartchi

Francesco D'Aiuto

Bettina Dannewitz

Monique Danser

Jan Derks

Thomas Dietrich

Henrik Dommisch

Nikos Donos

Elena Figuero

Moshe Goldstein

Marjolaine Gosset

Filippo Graziani

Lisa Heitz-Mayfield

Karin Jepsen

Ronald Jung

Dimitrios Kloukos*

Bahar Eren Kuru

France Lambert

Luca Landi

Natalie Leow

Rodrigo L�opez

Phoebus Madianos

Conchita Martín*

Paula Matesanz

Ana Molina

Virginie Monnet Corti

Eduardo Montero

Ian Needleman

Luigi Nibali

Spyridon N. Papageorgiou*

Guillermo Pradíes*

Marc Quirynen

Christoph Ramseier

Stefan Renvert

Mario Roccuzzo

Irena Sailer*

Giovanni Salvi

Nerea Sánchez

Ignacio Sanz-Sánchez

Frank Schwarz

Falk Schwendicke*

Lior Shapira

Andreas Stavropoulos

Jean Suvan

Wim Teughels

Cristiano Tomasi

Leonardo Trombelli

Katleen Vandamme*

Gernot Wimmer

Stefan Wolfart*

Nicola Zitzmann

(Continues)
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• European Federation for Periodontology (EFP)

• American Academy of Periodontology (AAP)

• American Dental Association (ADA)

The last search was performed on 1 November 2021. Search terms

used were: “periodont*” “Periodontal”, “Guidelines”, “Clinical Practice
Guidelines”. In addition, content was screened by hand searches, see

Table 3.

Only guidelines published in English and with full texts available

were included. The methodological quality of these guideline texts

was critically appraised using the AGREE II framework (https://www.

agreetrust.org/agree-ii/).

We did not identify guidelines/documents directly relevant to the

current guideline development process due to: (i) their publication

time, which frequently predated the workshop that defined stage IV

periodontitis; (ii) their methodological approach; or (iii) their stated

inclusion criteria. We have referenced the EFP S3-Level clinical prac-

tice guideline (Sanz, Herrera, et al., 2020), where applicable.

3.2.2 | Systematic search and critical appraisal of
the literature

For this guideline, a total of 13 systematic reviews (SRs) were con-

ducted to support the guideline development process (Carra

et al., 2021; Dommisch et al., 2021; Donos et al., 2021; Gennai

et al., 2021; Gotfredsen et al., 2021; Kloukos et al., 2021; Leow

et al., 2021; Martín et al., 2021; Montero et al., 2021; Orlandi

et al., 2021; Papageorgiou et al., 2021; Ramanauskaite et al., 2021;

Tomasi et al., 2021). The corresponding manuscripts are published

TABLE 1 (Continued)

Scientific society/organization Delegate(s)

Scientific societies

European Association for Osseointegration Henning Schliephake

European Federation of Conservative Dentistry Sebastian Paris

European Federation of Periodontology—Executive Committee Xavier Struillou

European Federation of Periodontology—Executive Committee Nicola West

European Prosthodontic Association Marco Ferrari

European Society of Endodontology Lise Lotte Kirkevang

Other organizations

Council of European Chief Dental Officers Kenneth Eaton

Platform for Better Oral Health in Europe Kenneth Eaton

Council of European Dentists Paulo Melo

European Dental Students' Association Tin Crni�c

TABLE 2 Key stakeholders contacted and participants

Institution/society Acronym Answera Representative

Association for Dental Education in Europe ADEE No proposal None

Continental European Division of IADR CED-IADR No proposal None

Council of European Chief Dental Officers CECDO Participant Kenneth Eaton

Council of European Dentists CED Participant Paulo Melo

European Association for Osseointegration EAO Participant Henning Schliephake

European Association of Dental Public Health EADPH No answer None

European Dental Hygienists Federation EDHF No proposal None

European Dental Students' Association EDSA Participant Tin Crni�c

European Federation of Conservative Dentistry EFCD Participant Sebastian Paris

European Orthodontic Society EOS No answer None

European Prosthodontic Association EPA Participant Marco Ferrari

European Society of Endodontology ESE Participant Lise Lotte Kirkevang

Platform for Better Oral Health in Europe PBOHE Participant Kenneth Eaton

aMessages sent on 9 April 2020; reminder sent on June 2020.
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within this special issue of the Journal of Clinical Periodontology. The

SRs were updated in July–September 2021, and the reports of

the updates are presented as an Addendum to the present CPG. The

Addendum is accessible online (CPGstage4-Addendum).

All SRs were conducted following the “Preferred Reporting Items

for Systematic Reviews and Meta-Analyses” (PRISMA) framework

(Moher et al., 2009), and were prospectively registered in PROSPERO.

3.2.3 | Focused questions

In all 13 SRs, focused questions in PICOS format (Centre for reviews

and dissemination, 2008; Guyatt et al., 2011) were proposed by the

authors in January 2019 to a panel comprising the working group

chairs and the methodological consultant in order to review and

approve them (Table 4a–d). The panel took great care to avoid

TABLE 3 Results of the guideline search

Database Identified, potentially relevant guidelines Critical appraisal

Guideline International Network (GIN)

International Guidelines Librarya
Comprehensive periodontal therapy: a statement

by the American Academy of Periodontology.

American Academy of Periodontology.

NGC:008726 (2011)

8 years old, recommendations not based on

systematic evaluation of evidence, not

applicable

HealthPartners Dental Group and Clinics guidelines

for the diagnosis and treatment of periodontal

diseases. HealthPartners Dental Group.

NGC:008848 (2011)

8 years old, unclear methodology, not

applicable

Guidelinecentral.com “Dentistry”
category

Health Partners Dental Group and Clinics Caries

Guideline

Not applicable

The National Institute for Health and

Clinical Excellence (NICE)b
No thematically relevant hits Not applicable

National Guideline Clearinghouse

(Agency for Healthcare Research and

Quality)c

No thematically relevant hits Not applicable

Canadian Health Technology Assessment

(CADTH)d
Periodontal Regenerative Procedures for Patients

with Periodontal Disease: A Review of Clinical

Effectiveness (2010)

9-year-old review article, not applicable

Treatment of Periodontal Disease: Guidelines and

Impact (2010)

9-year-old review article, not applicable

Dental Scaling and Root Planing for Periodontal

Health: A Review of the Clinical Effectiveness,

Cost-effectiveness, and Guidelines (2016)

Unclear methodology (follow-up, outcome

variables, recommendations, guideline

group), not applicable

Dental Cleaning and Polishing for Oral Health: A

Review of the Clinical Effectiveness, Cost-

effectiveness and Guidelines (2013)

Unclear methodology (follow-up, outcome

variables, recommendations, guideline

group), not applicable

European Federation of Periodontology

(EFP)e
EFP S3-Level CPG for stage I–III Indirectly applicable, high quality

American Academy of Periodontology

(AAP)f
The American Journal of Cardiology and Journal of

Periodontology Editors' Consensus: Periodontitis

and Atherosclerotic Vascular Disease (2009)

Unclear methodology, 10-year-old

consensus-based article, only limited

clinically applicably recommendations, not

applicable

Comprehensive Periodontal Therapy: A Statement

by the American Academy of Periodontology

(2011)

Unclear methodology (follow-up, outcome

variables, recommendations, guideline

group), almost a decade old, not applicable

Academy Statements on Gingival Curettage (2002),

Local Delivery (2006), Risk Assessment (2008),

Efficacy of Lasers (2011)

Unclear methodology, 10-year-old

consensus-based article, only limited

clinically applicably recommendations, not

applicable

American Dental Association (ADA)g Nonsurgical Treatment of Chronic Periodontitis

Guideline (2015)

Outcome variable CAL (not PPD), no

minimal follow-up—not applicable

ahttps://guidelines.ebmportal.com/.
bhttps://www.nice.org.uk/guidance/published?type=csg,cg,mpg,ph,sg,sc.
chttps://www.ahrq.gov/gam/index.html.
dhttps://www.cadth.ca/.
ehttp://www.efp.org/publications/index.html.
fhttps://www.perio.org/publications.
ghttps://ebd.ada.org/en/evidence/guidelines.
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TABLE 4 PICOS questions addressed by each systematic review, listed according to working group: (a) treatment of pathological tooth
migration in stage IV periodontitis patients; (b) treatment of tooth loss/masticatory dysfunction/bite collapse in stage IV periodontitis patients—
partial edentulism amenable for partial rehabilitation; (c) treatment of tooth loss/masticatory dysfunction/bite collapse in stage IV periodontitis
patients with terminal dentition only amenable for full-arch rehabilitation; (d) long-term outcomes and impact of treatment in stage IV
periodontitis patients

Reference Systematic review title Final PICOS question (as written in manuscripts)

(a)

Martín et al. (2021) Effect of orthodontic therapy in

periodontitis and non-periodontitis

patients: a systematic review with meta-

analysis.

#1: In adult patients with malocclusion (population), what are the

effects of OTM on clinical attachment level (CAL) changes (outcome)

in treated periodontitis patients with a healthy but reduced

periodontium (exposure) compared with non-periodontitis patients

(comparator)?

#2: In adult patients with malocclusion and healthy but reduced

periodontium (population), what is the efficacy of skeletal anchorage

devices (implants or TADs—micro-screws or mini-plates–)
(intervention) compared with conventional anchorage systems

(comparator), in terms of orthodontic treatment (outcomes)?

Papageorgiou et al. (2021) Effect of periodontal–orthodontic
treatment of teeth with pathological

tooth flaring, drifting and elongation in

patients with severe periodontitis: a

systematic review with meta-analysis.

What is the influence of periodontal–orthodontic treatment of

pathologically migrated teeth in patients with severe periodontitis on

the periodontal status?

Kloukos et al. (2021) Effect of combined periodontal and

orthodontic treatment of tilted molars

and of teeth with intra-bony and

furcation defects in stage IV

periodontitis patients. A systematic

review.

#1. In periodontitis patients with treated tilted molars, what is the

effect of orthodontic treatment, as compared with no treatment, in

terms of changes in PPD and CAL?

#2. In periodontitis patients with treated intra-bony defects, what is

the effect of orthodontic treatment, as compared with no treatment,

in terms of changes in PPD and CAL?

#3. In periodontitis patients with treated furcation defects, what is the

effect of orthodontic treatment, as compared with no treatment, in

terms of changes in PPD and CAL?

(b)

Dommisch et al. (2021) Efficacy of tooth splinting and occlusal

equilibration in patients with

periodontitis exhibiting masticatory

dysfunction—A systematic review.

What is the benefit of (I) tooth splinting (TS) or occlusal equilibration

(OE) of teeth with adaptive and progressive mobility during non-

surgical and surgical periodontal therapy in (P) patients with

periodontitis exhibiting masticatory dysfunction when compared

with (C) non-splinted teeth with adaptive and progressive mobility or

no-TS within the same periodontitis patient at diseased sites and no

OE with respect to (O) tooth loss (primary outcome parameter), and

change in PPD, CAL change, mobility, and patient-reported outcome

measures (PROMs) (secondary outcome parameters) for a follow-up

of ≥12 months evidenced as shown by randomized clinical controlled

trials, clinical controlled trials, retrospective and prospective case–
control studies, and case series?

Gotfredsen et al. (2021) Efficacy and risks of removable prosthesis

in periodontitis patients. A systematic

review.

In partially edentulous periodontitis patients (P), are removable dental

prostheses (I), in comparison with no prosthetic treatment or

treatment to a shortened dental arch, or with fixed dental prosthesis

and comparison between different RDP designs (C), more efficacious

in terms of tooth loss, periodontal parameters, mastication/chewing

efficiency, and patient-related outcome measures (O), as evidenced

in randomized controlled clinical trials (RCTs) or prospective and

retrospective cohort controlled studies and with a follow-up period

of ≥1 year (S)?

Montero et al. (2021) Efficacy and risks of tooth-supported

prostheses in the treatment of partially

edentulous patients with stage IV

periodontitis. A systematic review and

meta-analysis.

#1. In partially edentulous patients (population), what is the efficacy of

multi-unit tooth-supported fixed prostheses in patients with stage IV

periodontitis, as compared with non-periodontitis patients

(intervention and comparison), in terms of survival rate of teeth used

as abutments (primary outcome), in RCTs (study design) with at least

12 months of follow-up?

(Continues)
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TABLE 4 (Continued)

Reference Systematic review title Final PICOS question (as written in manuscripts)

#2. In partially edentulous patients diagnosed with stage IV

periodontitis (population), what is the effectiveness of multi-unit

tooth-supported fixed prostheses (intervention and comparison), in

terms of survival rate of teeth used as abutments (primary

outcome), in RCTs, CCTs, prospective/retrospective cohort studies

or prospective/retrospective case series (CS) with a minimum

follow-up time of 12 months?

Carra et al. (2021) Effectiveness of implant-supported fixed

partial denture in patients with history

of periodontitis: a systematic review

and meta-analysis.

What is the effectiveness (i.e., survival) and risks (i.e., biological and

mechanical complications) of IS-FPD in patients with a history of

periodontitis compared with patients with no history of periodontitis

at >=1 year from implant loading?

(c)

Donos et al. (2021) Efficacy of tooth-supported compared

with implant-supported full-arch

removable prostheses in patients with

terminal dentition. A systematic review.

#1. In patients with terminal dentition and/or stage IV periodontitis,

what is the efficacy of tooth-supported (TSRP) compared with

implant-supported (ISRP) full-arch removable prostheses in terms of

survival rate of the implants/teeth and survival of the prosthesis, as

reported in studies with at least 1 year of follow-up post prosthesis

delivery?

#2. In patients with terminal dentition due to stage IV periodontitis,

what is the estimated cumulative survival of teeth/implants and

prostheses in case of tooth-supported (TSRP) and in case of implant-

supported (ISRP) full-arch removable prostheses, as reported in

studies with at least 1 year of follow-up post prosthesis delivery?

Tomasi et al. (2021) Efficacy of rehabilitation of stage IV

periodontitis patients with full-arch

fixed prostheses: tooth-supported

versus implant-supported. A systematic

review.

#1. In patients with a periodontally compromised dentition (due to

stage IV periodontitis or equivalent), what is the evidence from

controlled studies with a minimum follow-up of 1 year that implant-

supported full-arch fixed prostheses are more efficacious than tooth-

supported full-arch fixed prostheses in terms of survival (of

restorations and supportive units) and complications?

#2. In patients with a periodontally compromised dentition (due to

stage IV periodontitis or equivalent), what is the performance of

tooth-supported full-arch fixed prostheses as reported in

interventional or observational studies with a minimum follow-up of

1 year?

#3. In patients with a periodontally compromised dentition (due to

stage IV periodontitis or equivalent), what is the performance of

implant-supported full-arch fixed prostheses following extraction of

the remaining teeth as reported in interventional or observational

studies with a minimum follow-up of 1 year?

Ramanauskaite

et al. (2021)

Efficacy of rehabilitation with different

approaches of implant-supported full-

arch prosthetic designs: A systematic

review.

In patients with at least one edentulous jaw, with tooth loss mainly due

to periodontitis (Population), what is the efficacy of different types

of rehabilitation with fixed or removable full-arch implant-supported

prosthesis designs (Intervention and Comparison), in terms of implant

loss and success rates (Outcome), as reported in prospective and

retrospective observational one-arm and case series, randomized and

non-randomized controlled clinical trials (Study design)?

(d)

Leow et al. (2021) Recurrence and progression of

periodontitis and methods of

management in long-term care. A

systematic review and meta-analysis.

#1. In people treated for periodontitis and in supportive maintenance

care for 5 years or more, compared with no supportive maintenance

care (SPC), how common is recurrence of the condition?

#2. In people experiencing recurrence of periodontitis, what is the

effect of different methods of treatment on the recurrence as

assessed by measures of health, quality of life, cost and accessibility

of care and harms?

Orlandi et al. (2021) In patients with severe periodontitis what

is the effect of periodontal treatment on

#1. In patients with severe periodontitis (stages III or IV or equivalent)

who are otherwise healthy, what is the effect of periodontal

treatment in comparison with no treatment or control treatment, in

(Continues)

12 HERRERA ET AL.



overlaps between the SRs or significant thematic omissions, in order

to ensure that they encompass the main interventions currently

undertaken in the management of stage IV periodontitis. Since the

criteria to define stage IV periodontitis were only available after 2018,

in order to include, in the SRs, those studies published/conducted

before 2018, the terminology “stage IV (or equivalent) periodontitis”
has been used, when applicable.

3.2.4 | Relevance of outcomes

One important outcome of interest in a clinical guideline in Dentistry

is tooth loss. However, a narrative review article (Loos &

Needleman, 2020), commissioned during the development of the CPG

for the treatment of stage I–III periodontitis (Sanz, Herrera,

et al., 2020) reported that the reduction in periodontal probing pocket

depth (PPD) was an important predictor of tooth loss, in the context

of periodontal therapy. Therefore, PPD reduction was also used as a

primary outcome in SRs not addressing periodontal regeneration, and

in instances where tooth loss data were not available. When

reviewing periodontal regenerative interventions, gains in clinical

attachment were used as the primary outcome measure. Secondary

periodontal outcomes included the proportion of residual/open

pockets as critical endpoint of therapy, which have been shown to be

associated with disease recurrence (Loos & Needleman, 2020).

For the purposes of the present guideline, in addition to tooth

survival, tooth-supported prosthesis survival and implant and implant-

supported prosthesis survival were also considered. Additional out-

comes related to complexity factors were also addressed in the SRs

(e.g., vertical dimension or evaluation of masticatory dysfunction).

Finally, patient-reported outcome measures (PROMs), quality of life

indicators and economic factors were studied whenever possible.

3.2.5 | Search strategy

All SRs utilized a comprehensive search strategy of at least two

different databases, supplemented by a hand search of

periodontology-focused journals and the reference lists of included

studies. In all SRs, the electronic and manual search, as well as the

data extraction, was undertaken in parallel by, at least, two differ-

ent investigators.

3.2.6 | Quality assessment of included studies

In all SRs, the risk of bias of controlled clinical trials was assessed

using the Cochrane risk-of bias tool (https://methods.cochrane.org/

bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials).

For observational studies, the Newcastle–Ottawa scale was used

(http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp).

3.2.7 | Data synthesis

Where applicable, the available evidence was summarized by means

of a meta-analysis.

3.3 | From evidence to recommendation:
Structured consensus process

The structured consensus development conference was held during

the XVII European Workshop in Periodontology in La Granja de San

Ildefonso Segovia, Spain, on 7–9 November 2021. Using the 13 SRs

as background information, evidence-based recommendations were

TABLE 4 (Continued)

Reference Systematic review title Final PICOS question (as written in manuscripts)

systemic disease risk and adverse

pregnancy outcomes?

terms of systemic health and quality of life outcomes, as reported in

6 month (minimum follow-up) randomized controlled trials?

#2. In patients with periodontitis (stages III or IV or equivalent) and a

non-communicable disease, what is the effect of periodontal

treatment in comparison with no treatment or control treatment, in

terms of systemic health and quality of life outcomes, as reported in

6 months minimum follow-up randomized controlled trials?

#3. In patients with periodontitis (stages III or IV or equivalent) and

pregnancy, what is the effect of periodontal treatment in comparison

with no treatment or control treatment, in terms of perinatal,

maternal and quality of life outcomes, as reported in randomized

controlled trials?

Gennai et al. (2021) Impact of rehabilitation versus edentulism

in systemic health and quality of life in

patients affected by periodontitis. A

systematic review and meta-analysis.

What is the effect of bridges or dentures versus no treatment in fully

or partially edentulous patients affected by stage IV periodontitis in

terms of quality of life (as measured through psychometric testing)

and systemic health (as measured through general disease's

incidence and surrogate markers), as reported in randomized and

non-randomized controlled clinical trials, case series, cohort studies,

cross-sectional studies and case–control studies?
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formally debated by the guideline panel using the format of a struc-

tured consensus development conference. This consisted of small

group discussions and open plenary discussions, where the proposed

recommendations were presented, voted upon and adopted by con-

sensus (Murphy et al., 1998). Delegates declaring potential conflicts of

interest abstained from voting and abstentions were recorded. Prior

to the in-person meeting, up to four online meetings were organized

(one at the plenary level, and three at the working group level) in July,

September and October 2021, in order to advance the process of

guideline development to a mature stage prior to the face-to-face

consensus meeting.

In the small group phase, delegates convened in four working

groups (WGs) directed by two chairpersons belonging to the EFP

Workshop Committee, addressing the following subtopics:

• WG 1. Treatment of pathological tooth migration in stage IV peri-

odontitis patients (chairs Søren Jepsen and Mariano Sanz).

• WG 2. Treatment of tooth loss/masticatory dysfunction/bite col-

lapse in stage IV periodontitis patients—partial edentulism amena-

ble for partial rehabilitation (chairs Moritz Kebschull and Anton

Sculean).

• WG 3. Treatment of tooth loss/masticatory dysfunction/bite col-

lapse in stage IV periodontitis patients with a terminal dentition

only amenable for full-arch rehabilitation (chairs Tord Berglundh,

Panos Papapanou and Maurizio Tonetti).

• WG 4. Long-term outcomes and impact of treatment in stage IV

periodontitis patients (chairs Iain Chapple and David Herrera).

With the support of the methodology expert, recommendations and

draft background texts were generated and subsequently presented,

debated and subjected to a vote in the plenary sessions with all dele-

gates present. During these plenary sessions, the guideline develop-

ment process and discussions and votes were overseen and facilitated

by the independent guideline methodologist (I.K.). The plenary votes

were recorded using an electronic voting system, checked for accu-

racy and then introduced into the guideline text.

The consensus process was conducted as follows:

3.3.1 | Plenary session 1 (online session, July 2021)

Introduction to guideline methodology (presentation, discussion) by

the independent guideline methodologist (I.K.) and the chair of the

workshop (D.H).

3.3.2 | Working group phase 1 (three online
sessions, from July to October 2021)

• Peer evaluation of declarations of interest and management of

conflicts of interest.

• Presentation of the evidence (SR results) by group chairs and

reviewers.

• Invitation of all members of the working group to reflect critically

on the quality of available evidence by group chairs, considering

the GRADE criteria.

• Structured group discussions:

� development of draft recommendations and their grading, con-

sidering the GRADE criteria.

� development of draft background texts, considering the GRADE

criteria.

� invitation to comment on draft recommendations and

background text to suggest reasonable amendments by group

chairs.

� collection and merging of amendments by group chairs.

3.3.3 | Plenary session 2 (in-person meeting,
November 2021)

• Presentation of working group results (draft recommendations and

background text) by working group chairs.

• Invitation to formulate questions, statements and reasonable

amendments of the plenum by the independent guideline method-

ologist/facilitator.

• Answering of questions by working group chairs.

• Collection and merging of amendments by an independent

moderator.

• Preliminary vote on all suggestions provided by the WGs and all

reasonable amendments.

• Assessment of the strength of consensus.

• Recording of abstentions made due to potential conflicts of

interest.

• Opening debate, where no consensus was reached or reasonable

need for discussion was identified.

• Formulation of tasks to be solved within the WGs.

3.3.4 | Working group phase 2 (in-person meeting,
November 2021)

• Discussion of tasks and potential amendments raised by the

plenum.

• Formulation of reasonable and justifiable amendments, considering

the GRADE framework.

• Initial voting within the working group on recommendations and

guideline text in preparation for the plenary session.

3.3.5 | Plenary session 3 (in-person meeting,
November 2021)

• Presentation of working group results by working group

chairpersons.

• Invitation to formulate questions, statements and reasonable

amendments of the plenary by the independent moderator.
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• Collection and merging of amendments by an independent

moderator.

• Preliminary vote.

• Assessment of the strength of consensus.

• Opening debate, where no consensus was reached or reasonable

need for discussion was identified.

• Formulation of reasonable alternatives.

• Final vote of each recommendation, recording the consensus and

abstentions due to potential conflicts of interest.

3.3.6 | Plenary session 4 (online meeting,
January 2022)

• Presentation of pending recommendations and suggestions

received.

• Preliminary vote.

• Assessment of the strength of consensus.

• Opening debate, where no consensus was reached or reasonable

need for discussion was identified.

• Formulation of reasonable alternatives.

• Final vote of each recommendation, recording abstentions due to

potential conflicts of interest.

3.4 | Definitions: Rating the quality of evidence,
grading the strength of recommendations and
determining the strength of consensus

For all recommendations and statements, this guideline makes

transparent:

• the underlying quality of evidence, reflecting the degree of cer-

tainty/uncertainty of the evidence and robustness of study

results;

• the grade of the recommendation, reflecting the criteria considered

to make the judgement; the strength of consensus, indicating the

degree of agreement within the guideline panel; the number of

abstentions due to potential conflicts of interest.

3.4.1 | Quality of evidence

The quality of evidence was assessed using a recommended rating

scheme (Balshem et al., 2011; Schunemann, Zhang, Oxman, & Expert

Evidence in Guidelines, 2019).

3.4.2 | Strength of recommendations

The grading of the recommendations used the grading scheme

(Table 5) by the German Association of the Scientific Medical

Societies (AWMF) and Standing Guidelines Commission (2012), taking

into account not only the quality of evidence, but also considering a

judgement guided by the following criteria:

• relevance of outcomes and quality of evidence for each relevant

outcome;

• consistency of study results;

• direct applicability of the evidence to the target population/PICOS

specifics;

• precision of effect estimates using confidence intervals;

• magnitude of the effects;

• balance of benefit and harm;

• ethical, legal, economic considerations;

• patient preferences.

The grading of the quality of evidence and the strength of a recom-

mendation may therefore differ, but where they do, the justification

and context are clearly documented in the background narrative that

follows each recommendation table.

3.4.3 | Strength of consensus

The consensus determination process followed the recommendations

by the German Association of the Scientific Medical Societies

(AWMF) and Standing Guidelines Commission (2012). Where consen-

sus could not be reached, different points of view were documented

in the guideline text (see Table 6).

3.5 | Editorial independence

3.5.1 | Funding of the guideline

The development of this guideline and its subsequent publication was

financed entirely by internal funds of the EFP, without any support

from industry or other organizations.

TABLE 5 Strength of recommendations: Grading scheme
(German Association of the Scientific Medical Societies (AWMF) &
Standing Guidelines Commission, 2012)

Grade of

recommendation
gradea Description Syntax

A Strong

recommendation

We recommend ("")/We

recommend not to (##)
B Recommendation We suggest to (")/We

suggest not to (#)
0 Open

recommendation

May be considered ($)

aIf the group felt that evidence was not clear enough to support a

recommendation, Statements were formulated, including the need (or not)

of additional research.
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3.5.2 | Declaration of interests and management of
potential conflicts

All members of the guideline panel declared secondary interests using

the standardized form provided by the International Committee of

Medical Journal Editors (ICMJE) (International Committee of Medical

Editors, 2013).

Management of conflicts of interests (CoIs) was discussed in the

WGs and the plenary sessions, following the principles provided by

the Guidelines International Network (Schunemann et al., 2015).

According to these principles, panel members with relevant, potential

CoIs abstained from voting on guideline statements and recommenda-

tions within the consensus process. Those abstentions were recorded

in each recommendation table.

3.6 | Peer review

All 13 SRs underwent a multi-step peer review process. First, the draft

documents were evaluated by members of the EFP Workshop Com-

mittee and the methodological consultants using a custom-made

appraisal tool to assess: (i) the methodological quality of the SRs using

the AMSTAR 2 checklist (Shea et al., 2017); and (ii) whether all PICOS

questions were addressed as planned. Detailed feedback was then

provided to the SR authors. Subsequently, all 13 SRs underwent the

regular editorial peer review process defined by the Journal of Clinical

Periodontology. In addition, the reports of the updates of the SRs,

presented in the Addendum (accessible online CPGstage4-Addendum),

were also peer-reviewed.

The guideline text was drafted by the chairs of the WGs, in close

cooperation with the methodological consultant, and circulated

among the members of the guideline group prior to the workshop.

The methodological quality was formally assessed by an external con-

sultant using the AGREE framework. The guideline was subsequently

peer-reviewed for its publication in the Journal of Clinical Periodontol-

ogy following the standard evaluation process of the journal.

3.7 | Implementation and dissemination plan

For this guideline, a multi-stage dissemination and implementation

strategy will be established and implemented by the EFP, supported

by a communication campaign.

This will include:

• Publication of the guideline and the underlying SRs as an Open

Access special issue of the Journal of Clinical Periodontology.

• Commentary, Adoption, or Adaptation (Schünemann et al., 2017)

by national societies.

• Generation of educational material for dental professionals and

patients, and dissemination via the EFP member societies.

• Dissemination via educational programmes at dental conferences.

• Dissemination via the EFP through European stakeholders via

National Society members of the EFP.

• Long-term evaluation of the successful implementation of the

guideline by a survey of EFP members.

The timeline of the guideline development process is detailed in Table 7.

3.8 | Validity and update process

The guideline is valid until 2027. However, the EFP, represented by

the members of the organizing committee, will continuously assess

current developments in the field. Where there are major changes of

circumstances, for example, new relevant evidence, this will trigger an

update of the guideline to potentially amend the recommendations. It

is planned to update the current guideline regularly on demand and

consistent with the format of a living guideline.

4 | PERIODONTAL DIAGNOSIS AND
TREATMENT SEQUENCE FOR THE
MANAGEMENT OF STAGE IV
PERIODONTITIS PATIENTS

4.1 | Periodontal diagnosis

Defining a case of periodontitis and establishing a diagnosis should be

performed using the 2018 classification system, developed following

the 2017 World Workshop on the Classification of Periodontal and

Peri-Implant Diseases and Conditions (Caton et al., 2018; Chapple

et al., 2018; Jepsen et al., 2018; Papapanou et al., 2018; Tonetti

et al., 2018).

According to this classification, stage IV periodontitis is identified

from the broader population of individuals with stage III periodontitis,

defined by periodontal inflammation, and attachment loss reaching

the middle third of the root and beyond, based on the need for com-

plex rehabilitation due to the presence of one or more of the follow-

ing factors:

• Secondary occlusal trauma/tooth hypermobility attributable to a

reduced periodontal attachment that is attributed to periodontitis.

• Tooth migration, drifting and opening of diastema are associated

with severe attachment loss at the affected teeth.

• Loss of five or more teeth due to periodontitis.

TABLE 6 Strength of consensus: Determination scheme (German
Association of the Scientific Medical Societies (AWMF) & Standing
Guidelines Commission, 2012)

Unanimous consensus Agreement of 100% of participants

Strong consensus Agreement of >95% of participants

Consensus Agreement of 75%–95% of participants

Simple majority Agreement of 50%–74% of participants

No consensus Agreement of <50% of participants
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• Loss of posterior support and/or flaring of anterior teeth due to

periodontitis.

• Loss of masticatory function (masticatory dysfunction) secondary

to a combination of the above.

The above signs and symptoms of functional impairment (mastica-

tory dysfunction) may also be present as sequelae of multiple tooth

loss due to caries or severe malocclusion in people without signifi-

cant periodontal breakdown or even in people with periodontal

breakdown compatible with stages I–II periodontitis, who do not

meet the criteria for stage IV. Hence, differential diagnosis is

important.

Stage IV periodontitis not only jeopardizes the survival of indi-

vidual teeth, but that of the entire dentition. In these patients, con-

trol of periodontitis (through standard periodontal therapy, i.e., steps

I–III plus supportive periodontal care) is not enough to stabilize the

mouth, resolve masticatory dysfunction and improve quality of life.

An inter-disciplinary treatment plan that may include the manage-

ment of secondary occlusal trauma, orthodontic tooth movement

and/or restorative dental care following successful periodontal ther-

apy must therefore be implemented to adequately treat these

patients.

4.1.1 | Specific diagnostic pathways in patients
with stage IV periodontitis

The clinical assessment of a stage IV periodontitis case comprises five

critical dimensions:

i. Evaluation of the amount of periodontal breakdown, patient

function and aesthetics

A full periodontal examination/charting, combined with appropri-

ate imaging, is required to assess the severity of the periodontal

attachment loss and, hence, the complexity of treatment

required. In stage IV periodontitis, such examinations must be

complemented with an in-depth assessment of the functional and

aesthetic status of the individual teeth and the overall dentition,

including assessment of tooth hypermobility, assessment of tooth

vitality, presence of secondary occlusal trauma, presence of sta-

ble posterior vertical stops, fremitus in centric occlusion and

excursive movements, subjective and objective assessments of

chewing function, aesthetics and phonetics.

ii. Number of teeth that have been lost due to periodontitis

Attributing missing teeth to periodontitis is challenging as it

requires a complex assessment based on history of tooth loss/

extraction and the symptoms associated with it (Sanz,

Papapanou, et al., 2020; Ravidà et al., 2021; Uy et al., 2021).

Recall bias and availability of previous records may influence the

findings. Nevertheless, the use of a clinical history for the deter-

mination of the probable cause of tooth loss adds useful informa-

tion that can be applied for individual case diagnosis (Ravidà

et al., 2021).

TABLE 7 Timeline of the guideline development process

Time point Action

April 2018 Decision by European Federation of

Periodontology (EFP) General Assembly to

develop comprehensive treatment

guidelines for periodontitis, including

periodontitis in stage IV

May–September

2018

EFP Workshop Committee assesses merits and

disadvantages of various established

methodologies and their applicability to the

field

November 2019 EFP Workshop Committee decides on (i) topics

covered by proposed guideline, (ii) working

groups and chairs, (iii) systematic reviewers,

and (iv) outcomes measures

February 2020 EFP Workshop Committee decides the

systematic reviewers

March 2020 Submission of PICO(S) questions by systematic

reviewers to group chairs for internal

alignment

April 2020 Decision on PICO(S) and information sent to

reviewers

May 2020 Decision of postponement from November

2020 until July 2021

June 2020 Decision on consensus group, invitations sent

to participants, invitations sent to

stakeholders

June–November

2020

Submission of Systematic reviews by

reviewers, initial quality assessment by

workshop committee

July 2020–March

2021

Submission to Journal of Clinical Periodontology,

peer review and revision process

April 2021 Decision of postponement from July 2021

until November 2021, and schedule of

preparatory online meetings

June 2021 Submission of declarations of interest by all

delegates

5 July 2021 Online plenary meeting and working group

meetings

27 September

2021

Online working group meetings

18 October 2021 Online working group meetings

July–October

2021

Electronic circulation of reviews, guideline

draft, etc.

7–9 November

2021

Workshop in La Granja with moderated

formalized consensus process

November 2021–
January 2022

Formal stakeholder consultation, finalization of

guideline method report and background

text

26 January 2022 Online plenary meeting

February 2022 Submission of guideline document to the

Journal of Clinical Periodontology

March–April 2022 Publication of guideline and underlying

Systematic Reviews in the Journal of Clinical

Periodontology

April–September

2022

Processes of adaptation/adoption by National

Societies
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iii. Prognosis of individual teeth

Establishment of tooth prognosis in stage IV periodontitis

patients, and especially the differentiation of compromised/

questionable teeth from those of hopeless prognosis is complex

and requires a multidisciplinary approach to identify the ability of

treatment(s) that may change the assigned prognosis, which is

usually linked to the experience and technical ability of the indi-

vidual operator(s). Individual tooth prognosis is frequently compli-

cated by the need to assess the possibility of a periodontally

compromised tooth that is to be used as an abutment for a fixed

or a removable restoration. Studies focusing on periodontal prog-

nosis have shown that it is difficult to accurately predict tooth

survival, something that even specialists tend to underestimate

(McGuire & Nunn, 1996). Key for long-term prognosis is the abil-

ity to achieve the endpoints of periodontal therapy that were

identified in the guideline for the treatment of periodontitis in

stages I–III (Loos & Needleman, 2020; Sanz, Herrera, et al., 2020),

and the implementation of an effective supportive periodontal

care programme.

iv. Restorative factors

The extent of the edentulous spaces, as well as the number, distri-

bution and restorability of teeth that can be retained must be

assessed, while considering all restorative scenarios, either focusing

on teeth alone and/or with the addition of dental implants. These

scenarios must consider the technical complexities of the planned

prosthesis, as well as the interventions required to place implants,

depending on the availability of adequate ridge dimensions.

v. Prognosis of the overall case

The overall case prognosis must be established while considering

the individual susceptibility of the patient, based on a thorough

analysis of the patient's modifiable and non-modifiable risk factors,

using the primary grade criteria as well as the grade modifiers

defined earlier (Papapanou et al., 2018; Tonetti et al., 2018). The

prognosis should also estimate the probability of disease recur-

rence/progression, which is a differentiator in the management of

stage IV periodontitis patients from other complex restorative cases

(Baumer et al., 2011; Lang et al., 2015; Lang & Tonetti, 1996).

The case analysis required to make a sound prognostic assessment

and an appropriate treatment plan is complex and requires a

detailed assessment of what is technically and biologically feasible,

cost-effective and in line with the patient's preferences and

expectations.

4.1.2 | Differential diagnosis

For the practical implementation of the case definition and treatment

planning, an appropriate differential diagnosis should be established

based on the identification of cases with:

• Opening of diastemata or tooth migration secondary to orthodon-

tic relapse.

• Primary occlusal trauma in people with periodontitis.

• Masticatory dysfunction in people who have experienced multiple

tooth loss that cannot be attributed to periodontitis and in the

absence of periodontitis.

• Masticatory dysfunction in people who have experienced multiple

tooth loss that cannot be attributed to periodontitis, but in the

presence of stage I–II periodontitis or localized stage III

periodontitis

• Generalized stage III periodontitis without tooth loss, or without

the other criteria that define stage IV periodontitis. This differential

diagnosis may be difficult in some borderline cases. A recent cross-

sectional study, with limited external applicability (Uy et al., 2021),

has shown that stage IV periodontitis cases, when compared with

other periodontitis cases, were more likely to present more severe

periodontal breakdown, tooth hypermobility and loss of posterior

functional tooth units, as well as self-reporting changes in dietary

habits due to their oral condition, impaired chewing ability and

lower quality of life.

4.1.3 | Phenotypic variation and identification of
clinical case types

Stage IV periodontitis cases may present with great phenotypic

variation based on the individual patterns of their periodontal

breakdown, number of missing teeth, inter-maxillary relationships

and residual alveolar ridge, which will result in different degrees of

functional and aesthetic compromise, as well as different treatment

needs.

To provide a simplified workable guideline, four major stage IV

periodontitis phenotypes were recognized by the organizing commit-

tee, leading to specific clinical case types:

• Case type 1: the patient with tooth hypermobility due to second-

ary occlusal trauma that can be corrected without tooth replace-

ment. It is recognized that there is a continuum of severity and

complexity of management between some stage III periodontitis

patients, and case type 1 of periodontitis in stage IV.

• Case type 2: the patient with pathological tooth migration, charac-

terized by tooth elongation, drifting and flaring, which is amenable

to orthodontic correction.

• Case type 3: partially edentulous patients who can be prostheti-

cally restored without full-arch rehabilitation.

• Case type 4: partially edentulous patients with a dentition that

need full-arch rehabilitation, either tooth- or implant-supported/

retained.

These phenotypes and associated clinical case types may overlap

on occasion, as one arch may require treatment according to a

specific scenario while the other might require a different

approach. Furthermore, after orthodontic treatment, it is frequently

necessary to retain the teeth in the new position with a fixed type

of retainer/splint. SRs covering the specific scenarios have been
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commissioned and have been used as the basis for development of

this clinical guideline.

Several treatment tools are available for the rehabilitation of the

different case types, besides the treatment of periodontitis according

to the guideline for the treatment of periodontitis in stages I–III (Sanz,

Herrera, et al., 2020):

• Temporary control of secondary occlusal trauma (e.g., extra-

coronal splinting and/or relief of fremitus by limited selective

occlusal adjustment).

• Prosthetic splinting with a fixed dental prosthesis.

• Orthodontic therapy.

• Tooth-supported/retained removable or fixed partial dental

prostheses.

• Implant-supported/retained removable or fixed partial dental

prostheses.

• Tooth-supported/retained cross-arch dental prostheses, conven-

tional full dental prostheses, implant-retained or -supported full

dental prostheses.

The following key messages should be highlighted:

• Most cases of stage IV periodontitis can be successfully treated,

maintaining the natural dentition in a state of adequate health and

function.

• Before treatment planning for people with stage IV periodontitis, it

is recommended undertaking a full diagnosis and case study,

including a tooth-by-tooth prognosis to identify the number, distri-

bution, residual support, periodontal maintainability and res-

torability of the remaining natural dentition.

4.2 | Sequence for the treatment of stage IV
periodontitis

The treatment plan for the management of stage IV periodontitis

should include a successful outcome after completing the interventions

in steps 1, 2 and 3, according to the EFP S3 Level clinical practice

guideline for treatment of stage I–III periodontitis (Sanz, Herrera,

et al., 2020). The sequence of the different steps, however, requires the

introduction of specific additional treatment measures to meet the spe-

cific demands of stage IV periodontitis. In these cases, rehabilitation of

function, restoration of masticatory comfort and treatment of second-

ary occlusal trauma and, sometimes, restoration of the vertical dimen-

sion of the occlusion are also necessary and need to be planned from

the beginning, and even implemented simultaneously with steps 1–3.

As is the case for the treatment of periodontitis in stages I–III, an

essential pre-requisite to therapy is to inform the patient of the diag-

nosis, including aetiology of the condition, risk factors, treatment

alternatives and expected risks and benefits, including the option of

no treatment. This discussion should be followed by agreement on a

personalized care plan. The plan might need to be modified during the

course of treatment, depending upon initial treatment outcomes,

patient preferences, clinical findings and changes to the patient's

overall state of health. It must be recognized that in stage IV peri-

odontitis, a “no treatment” option must be discouraged, given the

expected high risk of loss of the dentition.

Key to the care of these patients is:

• The need to combine periodontal therapy, which is modelled in line

with the recent guidelines for the treatment of stage I–III periodon-

titis (Sanz, Herrera, et al., 2020), with rehabilitation.

• Identification of the appropriate timing/sequence of implementa-

tion of the adjunctive orthodontic/restorative treatment and the

periodontal treatment (Figure 1).

For details of recommended approaches to periodontal therapy, readers

are referred to the guideline for periodontal therapy for stage I–III peri-

odontitis (Sanz, Herrera, et al., 2020), since that guideline also applies to

the periodontal treatment of stage IV periodontitis patients. Of particu-

lar importance are the frequent re-evaluations to assess adherence to

oral hygiene instructions for supragingival biofilm control and adherence

to risk factor control interventions, and the two periodontal re-

evaluation assessments following step 2, and later after step 3 (“final re-
evaluation”), since achieving the desired treatment outcomes is particu-

larly important in stage IV cases to be suitable to proceed with the

planned restorative or orthodontic therapy, as well as to justify the sig-

nificant resources required to proceed with the case. In stage IV peri-

odontitis patients, re-evaluation following steps 2 and 3 treatment

requires additional planning over and above purely periodontal mainte-

nance. Restorative factors need to be adequately assessed. For example,

the ability of a tooth to act as an abutment for a restoration needs to be

assessed in terms of periodontal maintainability, but also residual peri-

odontal support and restorative parameters such as the presence of

adequate tooth structure. Similarly, dental implants that have been

placed to assist in the restoration should present with healthy, maintain-

able soft- and hard-tissue interfaces.

When evaluating periodontal outcomes at the end of active peri-

odontal treatment (control of periodontal inflammation, achievement of

shallow maintainable pockets, management of furcation lesions), it is

important to consider whether a specific tooth will be incorporated as

an abutment for a fixed or removable prosthesis. Specific criteria must

be considered to assess the ability of the tooth to function as a restor-

ative abutment. While it has been shown that teeth with a reduced but

healthy periodontium can function well as prosthetic abutments, a mini-

mal threshold of residual periodontal support (10%–20%) may be con-

troversial and dependent upon the design of the restoration (e.g., fixed

vs. removable), the number and distribution of the abutments and the

stability of the definitive prosthesis (Nyman & Lang, 1994).

4.2.1 | Specific treatment pathways according to
the different stage IV periodontitis case types

Common to all clinical case types is the need to perform a careful

diagnosis and a case study that includes both periodontal and
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rehabilitation phases (orthodontics and/or restorative dentistry, as

appropriate). Furthermore, adequate self-performed oral hygiene, and

risk factor control must be realized, alongside satisfactory initial treat-

ment outcomes prior to progressing the case to subsequent periodon-

tal/oral rehabilitation.

• Case type 1: the patient with tooth hypermobility due to secondary

occlusal trauma that can be corrected without tooth replacement.

Temporary tooth splinting and initial occlusal adjustment (mostly

relief of fremitus in combination with splinting) can be implemented

during step 1 of therapy to manage secondary occlusal trauma and

the impact of tooth hypermobility on patient comfort. The need for

and the implementation of longer-term splinting needs to be re-

assessed following completion of steps 2 and 3 of periodontal

therapy.

• Case type 2: the patient with pathological tooth migration, charac-

terized by tooth elongation, drifting and flaring, which is amenable

to orthodontic correction.

Orthodontic therapy can be planned during step 2 of care (sub-

gingival instrumentation with or without adjunctives) and, in some

cases, step 3 (subgingival re-instrumentation and periodontal sur-

gery) of treatment, but should not be implemented before achiev-

ing the periodontal treatment objectives of shallow maintainable

pockets and control of periodontal inflammation. Special consider-

ations apply to the regenerative treatment of intra-bony defects

(see Section 7).

• Case type 3: partially edentulous patients who can be prostheti-

cally restored without full-arch rehabilitation.

The timing of intermediate restorations, if required, should be care-

fully evaluated based on the individuality of the case and keeping in

mind patient wishes and aesthetic considerations. Ideally, interim

tooth-retained restorations or dental implants should not be placed

before completion of step 2 of treatment and, if possible, deferred

until the periodontal treatment objectives have been achieved (after

re-evaluation following steps 2 and 3 of periodontal treatment).

Definitive restorative treatment or placement of dental implants must

be performed after successful completion of periodontal therapy and

any additional conservative treatment of the abutment teeth.

• Case type 4: partially edentulous patients who need to be restored

by means of full-arch rehabilitation, either tooth- or implant-

retained, and either fixed or removable.

The timing of treatment differs for cases with tooth-supported

full-arch restorations and cases with implant-supported full-arch

restorations.

In tooth-supported cases, an intermediate restoration is frequently

placed following successful completion of step 1 of periodontal

treatment. Step 2 of periodontal treatment, including scaling and

root surface instrumentation of the abutment teeth, is performed

with the intermediate restoration in place. Insertion of a definitive

restoration (or long-term intermediate restoration) follows success-

ful completion of periodontal therapy and achievement of shallow

maintainable pockets and control of periodontal inflammation.

For implant-supported cases requiring extraction of the terminal

dentition, in one or both arches, teeth are extracted, and implants

placed after successful completion of step 1 of periodontal treat-

ment if one arch still has natural teeth. The sequence of treatment

and the insertion of intermediate fixed or removable prostheses

aims to reconcile the biology of wound healing with the need to

manage patient expectations and ensure an adequate level of com-

fort during the transition.

F IGURE 1 Visual description of timing/sequence of implementation of the adjunctive orthodontic/restorative treatment and the periodontal
treatment (OH, oral hygiene)
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4.2.2 | Additional therapeutical interventions in
stage IV periodontitis

The present guideline has specifically focused on the additional inter-

ventions for stage IV periodontitis patients, including:

• Temporary control of secondary occlusal trauma (e.g., extra-

coronal splinting and/or relief of fremitus by limited selective

occlusal adjustment) (Section 6).

• Orthodontic therapy (Section 7).

• Rehabilitation of one or multiple (small or large) tooth-delimited

edentulous spaces (Section 9).

• Rehabilitation of unilateral or bilateral posterior free-end

edentulism (Section 9).

• Tooth-supported full-arch fixed dental prostheses (Section 10).

• Tooth-supported full-arch removable dental prosthesis

(Section 10).

• Implant-supported full-arch fixed dental prostheses (Section 10).

• Implant-supported removable dental prosthesis (Section 10).

Some of these interventions should be performed simultaneously

or within steps 1–3 of periodontal therapy, including relief of

pain, symptoms of tooth hypermobility, functional impairment and

conservative treatment of the dentition (including abutment teeth).

Restorative treatment implemented during steps 1–3 of periodon-

tal therapy usually consists of intermediate restorations that will

only be replaced with definitive ones after final evaluation of the

case and achievement of the periodontal and restorative

objectives.

Conversely, certain other interventions will only be

performed in the last step (Step R, for rehabilitation), following success-

ful completion of steps 1–3 periodontal therapy, once the patient has

started supportive periodontal care, and after achievement of the peri-

odontal and restorative treatment objectives. Step R treatment includes:

• Long-term periodontal splinting.

• Orthodontic tooth movement and retention.

• Definitive restorations designed to satisfy the functional and aes-

thetic demands of the patient and enable optimal self-performed

oral hygiene and professional tooth cleaning during supportive

periodontal care.

4.2.3 | Supportive periodontal care in stage IV
periodontitis patients

As for the treatment of stage I–III periodontitis (Sanz, Herrera,

et al., 2020), supportive periodontal care (Trombelli et al., 2015) is a cru-

cial step to achieve periodontal stability and long-term tooth/implant

retention. This guideline provides specific recommendations for sup-

portive periodontal care in stage IV periodontitis patients (Section 11).

4.2.4 | Impact of therapy in stage IV periodontitis
patients on systemic health and quality of life

It is well established that, in addition to positive effects on periodontal

outcomes, periodontal therapy may also impact favourably upon sys-

temic health (e.g., reduce systemic inflammation and lower the levels

of markers of cardio-metabolic risk) and on quality of life. Since the

treatment of stage IV periodontitis includes both periodontal therapy

and rehabilitation, the impact of both interventions was considered

within the present guideline and recommendations are presented for

both the impact of periodontal therapy (Section 12.1) and the impact

of rehabilitation (dental prostheses) in fully or partially edentulous

patients (Section 12.2).

4.2.5 | Key aspects in the treatment of
periodontitis in stage IV

We highlight the following key messages:

• To effectively manage stage IV periodontitis, it is recommended that

patients are informed in detail about their condition, the various treat-

ment options and associated risks, including the need for periodontal

therapy, the design of the rehabilitation, and the sequence of interven-

tions. In addition, patients should be aware that treatment planning

may be modified depending upon several factors, including treatment

outcomes at re-evaluations, and adherence/compliance with interven-

tions, such as supragingival biofilm control, or risk factor control.

• The starting point for treatment of stage IV periodontitis initially

attempts to preserve all periodontally compromised teeth that are

deemed rational to treat. Early extraction of teeth with question-

able (as opposed to hopeless) prognosis is strongly discouraged

and is not supported by current evidence.

• Whenever tooth retention is possible, it is recommended that peri-

odontal treatment of stage IV periodontitis patients should follow

the guideline for the treatment of periodontitis in stages I–III. In

these patients, the ability to successfully complete full periodontal

therapy is a pre-requisite. In addition, management of these cases

may also include orthodontics, tooth splinting, tooth-supported

fixed and removable dental prostheses, and/or implant-supported

fixed and removable dental prostheses.

• For stage IV periodontitis patients, it is recommended to

frequently assess motivation and adherence to self-performed

supragingival plaque control and risk factor control throughout the

course of treatment and during supportive periodontal care, since

this will greatly influence both the choice and the outcomes of

therapy.

• In stage IV periodontitis patients, it is mandatory that restorations

should be designed to achieve function and aesthetics while

enabling effective self-performed oral hygiene and professional

tooth cleaning.
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The first part of this CPG document (Sections 1–4) was prepared by

the steering group with the help of the methodology consultant, it

was examined by the experts participating in the consensus and

Section 4 was voted upon in a plenary session to form the basis for

the specific recommendations.

Strength of consensus

Unanimous Consensus (0% of the group abstained due

to potential CoI).

5 | CLINICAL RECOMMENDATIONS:
OVERALL STRATEGY FOR THE
MANAGEMENT OF STAGE IV
PERIODONTITIS PATIENTS

The pathognomonic features of stage IV periodontitis, as explained in

Section 4, are the functional and aesthetic complications that arise fol-

lowing periodontal tissue breakdown and/or the resulting tooth loss.

This process severely impacts the quality of life and puts the residual

dentition at further risk of being lost if appropriate treatment is not

rendered. As discussed, the disease spectrum covers a wide range of

phenotypic variations characterized by a wide spectrum from subtle

changes, that may be overlooked, to severe loss of function that raises

the question of whether the dentition can be saved, and rehabilitation

of function can translate in restoration of quality of life. The compe-

tences required for appropriate diagnosis and management of these

cases are frequently complex and inter-disciplinary, while the evi-

dence base supporting the different choices is frequently limited. In

such situation of complexity and uncertainty, the experts and stake-

holders participating in the workshop agreed on a series of expert-

based recommendations that provide critical guidance in the manage-

ment of these cases, in order to understand the general strategical

principles for therapeutic management in patients with a com-

promised dentition due to stage IV periodontitis.

R5.1. Can stage IV periodontitis can be successfully
managed?

Additional question raised by the WG

R5.1: Expert consensus-based statement

Stage IV periodontitis can be successfully managed with the combination

of periodontal therapy, appropriate rehabilitation of function and

improvement of aesthetics/quality of life, and supportive periodontal

care.

Supporting literature Expert opinion

(Continues)

(Continued)

Additional question raised by the WG

R5.1: Expert consensus-based statement

Quality of evidence Not applicable

Grade of recommendation Statement

Strength of consensus Unanimous Consensus (0% of the group

abstained due to potential CoI)

Background

Experts wished to emphasize that stage IV periodontitis can be managed

beyond the scope of palliative care and that management requires

appropriate periodontal therapy delivered according to the S3 guideline

for management of stage I–III periodontitis (Sanz, Herrera, et al., 2020)

in combination with rehabilitation of lost function. Once active treat-

ment is completed, supportive periodontal care is a critical component

to enable long-term success. Further, due to the complexity, case insta-

bility and loss of function, option zero (no treatment) is rarely an option.

R5.2. How relevant is tooth retention?

Additional question raised by the WG

R5.2: Expert consensus-based recommendation

We recommend tooth retention to be the first line of treatment strategy

in the rehabilitation of stage IV periodontitis patients.

Supporting literature (Montero et al., 2021; Tomasi et al., 2021)

Quality of evidence Low

Grade of recommendation Grade A—""
Strength of consensus Strong Consensus (0% of the group abstained

due to potential CoI)

Background

In the long-term management of stage IV periodontitis, retention of the

natural dentition with adequate therapy, whenever possible, provides a

strategic advantage as it defers the time of implant-based options and

shortens their required longevity. The option of tooth retention needs

to be considered first and alternatives need to be justified for the spe-

cific case based on case and individual tooth prognosis, technical feasi-

bility, patient preference and, ideally, cost–benefit considerations.

R5.3. How relevant is preservation of dental arch
integrity

Additional question raised by the WG

R5.3: Expert consensus-based recommendation

In patients with stage IV periodontitis, we suggest preserving the integrity
of the dental arch by avoiding extractions, if teeth can be retained.

Supporting literature Expert opinion

(Continues)
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(Continued)

Additional question raised by the WG

R5.3: Expert consensus-based recommendation

Quality of evidence Not applicable

Grade of recommendation Grade B—"
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

In cases with an intact dental arch (no missing teeth apart from the

molar area), the possibility to preserve all teeth, and thus avoid the

need for tooth replacement, through periodontal and/or restorative

treatment provides a strategic advantage. It may simplify treatment

and reduce costs. A careful diagnosis of the possibility to preserve

“hopeless” or severely compromised teeth by advanced periodontal

therapy, combined with management of hypermobility and/or

addressing patient concerns, should be performed before deciding to

extract teeth in such cases.

R5.4. Can acceptability of tooth preservation be
improved with simple measures?

Additional question raised by the WG

R5.4: Expert consensus-based recommendation

In patients with stage IV periodontitis requesting improvement of

aesthetics, phonetics, masticatory function and/or patient well-being,

direct and indirect tooth restorations and/or epitheses may be
considered.

Supporting literature Expert opinion

Quality of evidence Not applicable

Grade of recommendation Grade O—$
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

In many stage IV periodontitis cases, the aesthetic, phonetic and

functional sequelae of periodontal breakdown severely affect

patient well-being and quality of life. Once correctly identified,

such concerns may raise questions on tooth-retention-based choices,

unless costly approaches are considered, and may provide barriers to

the acceptability of periodontal therapy and tooth retention. Simple

approaches such as the use of gingival epitheses (custom-made

removable silicone masks to replace missing gingiva that hide black

triangles or correct the presence of uneven gingival margins) and/or

direct/indirect adhesive restoration that re-shape teeth (and some-

times provide a splinting effect) may mitigate patient concerns and

increase the acceptability of periodontal treatment in stage IV peri-

odontitis patients.

6 | CLINICAL RECOMMENDATIONS: CASE
TYPE 1

Case type 1: the patient with tooth hypermobility due
to secondary occlusal trauma that can be corrected
without tooth replacement.

6.1 | Intervention: Tooth splinting and occlusal
adjustment in patients with periodontitis stage IV

A systematic review (Dommisch et al., 2021) assessed the efficacy of

tooth splinting (TS) and occlusal adjustment (OA), compared with no-

TS or OA in patients with periodontitis exhibiting masticatory dys-

function. Both treatment modalities are especially relevant in fully

dentate patients with stage IV periodontitis. In this context, TS

reduces tooth mobility due to advanced attachment loss to facilitate

biting and chewing abilities (patient's comfort), and OA addresses sec-

ondary occlusal trauma in the management of occlusal dysfunction. In

the systematic review (Dommisch et al., 2021), no study specifically

focused on patients with stage IV periodontitis, and thus, the efficacy

of TS and OA was evaluated for patients with all stages of

periodontitis.

The primary outcome criterion was tooth loss, and the secondary

outcome parameters were change in PPD, change in clinical attach-

ment level (CAL), tooth mobility (TM) and PROMs (Dommisch

et al., 2021). For TS, two studies were included considering a follow-

up time range between 3–15 and 2–32.4 years, respectively. Three

studies addressed OA with a follow-up of 2–8 years.

As explained in Section 4, a degree of overlap between stage III

periodontitis and case type 1 of periodontitis in stage IV exist.

R6.1. In fully dentate patients with periodontitis stage
IV with increased tooth mobility due to advanced
periodontal attachment loss, what is the effectiveness
of tooth splinting and/or limited occlusal adjustment
of hypermobile teeth?

(Common question for Recommendations R6.1, R6.2)

PICOS question addressed by a SR

R6.1: Evidence-based recommendation

In patients with stage IV periodontitis, temporary splinting and/or limited

selective occlusal adjustment of hypermobile teeth may be considered

during all steps of periodontal therapy (but particularly during step

1 treatment) to increase patient comfort and enable/facilitate

periodontal therapy.

Supporting literature (Dommisch et al., 2021; Sonnenschein, Ciardo,

et al., 2021; Sonnenschein, Ziegler, et al., 2021)

Quality of evidence Very low

Grade of recommendation Grade O—$

(Continues)
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(Continued)

PICOS question addressed by a SR

R6.1: Evidence-based recommendation

Strength of consensus Unanimous Consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

TS and OA in fully dentate patients with periodontitis.

Available evidence

Number and design of included studies

For TS, the two included retrospective studies (n = 72 patients)

analysed a time follow-up time period ranging between 2 and

32.4 years. After a minimum of 2 years following non-surgical peri-

odontal therapy, synthesis of data revealed a weighted mean inci-

dence of 8.4% of tooth loss for TS compared with 10.1% of tooth loss

for no-TS. Outcome measures comprised, beside tooth loss, PPD,

changes in CAL, changes in bone level (BL), and plaque scores. Biologi-

cal complications, PROMs, health-economic parameters and adverse

events were not consistently reported.

One additional randomized prospective study indicated a positive

effect on the oral health-related quality of life 3 months after non-surgical

periodontal therapy (Sonnenschein, Ziegler, et al., 2021). The time point

of TS (prior or following step 2 of periodontal therapy) was addressed in

a randomized trial, and the timing appeared not to influence the outcome

of periodontal parameters (Sonnenschein, Ziegler, et al., 2021).

Throughout periodontal therapy, TS repairs were frequently

required (Sonnenschein et al., 2017; Graetz et al., 2019). In patients

with periodontitis stage IV, both TS and advanced attachment loss

may widely impair the patient's aesthetics.

The main findings were that tooth TS does not affect tooth loss,

and does not affect PPD, CAL and BL.

Finally, and in preparation for step 3 of periodontal therapy, since

an increase of TM following flap mobilization is anticipated, TS may

be beneficial when regenerative periodontal treatment is planned

(Cortellini et al., 2001).

For occlusal adjustment (OA), three studies (n = 205 patients)

were included, one randomized controlled clinical trial (RCT) (Burgett

et al., 1992) and two prospective studies (randomization did not include

OA procedures) (Fleszar et al., 1980; Kerry et al., 1982). All studies were

of prospective design. While two studies included OA as part of the ini-

tial phase, one study allocated OA randomly facilitating a comparison of

patients with and without OA and no-OA. The follow-up time ranged

from 2 to 8 years. None of the studies reported on TL or PROMs.

The main findings were that the effects of OA on TL are unclear,

that OA positively affects CAL, and that OA does not affect PPD and BL.

Risk of bias

For TS, study quality assessment using the Newcastle–Ottawa scale

identified a low risk of bias for both studies included. For OA, study

quality assessment using the Cochrane Collaboration's tool for

assessing risk of bias identified unclear risk of bias, mainly related to

potential centre bias.

Effect sizes and their clinical relevance

For TS, based on two retrospective case series (n = 72 patients), over

at least 2 years mean TL was 8.4% for TS and 10.1% for no-TS. TS

may be performed as an adjunctive intervention for teeth with a pro-

gressive increase in TM in order to improve the patient's chewing

capabilities.

For OA, based on one study (n = 50 patients), CAL was moni-

tored over a period of 2 years (Burgett et al., 1992). After 1 and

2 years, OA led to an improved CAL of approximately 0.4 mm

(mean) following non-surgical periodontal therapy. Although this

improvement may not be considered as clinically relevant, OA

may remove jiggling forces, facilitate patients' chewing capabilities

and resolve pain perception when premature contacts are

removed.

Consistency

In the analysis of TS, only two articles exhibiting heterogenous data

with a wide range of follow-up examinations (between 2 and

32.4 years) were in accordance with the inclusion criteria of the sys-

tematic review. The included studies differed regarding the definition

of the control group as well as operators performing splinting and

periodontal examination. In addition, one study reported a high drop-

out rate (Sonnenschein et al., 2017).

In the analysis of OA, only three studies of heterogeneous

design were in accordance with the inclusion criteria of the sys-

tematic review. Of these three studies, one study was designed as

an RCT focusing on randomization for OA (Burgett et al., 1992),

while the two remaining studies randomized for periodontal treat-

ment modalities but not for OA (Fleszar et al., 1980; Kerry

et al., 1982).

Balance of benefit and harm

For TS, the overall evidence suggests a very weak positive relationship

between benefit and harm/risks. Although TS does not improve tooth

survival, a positive effect on the individual patient comfort exists.

However, if TS is performed, splinting technique, material and design

should enable optimal self-performed and professional oral hygiene

procedures.

Preliminary data exist on OHRQoL in periodontitis patients.

Three months after non-surgical periodontal therapy, a positive

impact on the OHIP-14 summary scores was documented,

suggesting a trend towards improved patients' comfort

(Sonnenschein, Ziegler, et al., 2021). There is a lack of information

on PROMs and adverse events, and those need to be evaluated in

future research.
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For OA, the existing evidence suggests a weak positive relation-

ship between benefit and harm/risks. There is no information on

PROMs and adverse events, and those need to be evaluated in future

research.

Overall certainty of the evidence

Very low for both TS and OA.

From evidence to recommendation—additional
considerations

Acceptability

The certainty of evidence is graded as very low based on the lack of

studies, study design and lack of generalizability of data.

Feasibility

Both TS and OA can be performed by general dentist as well as spe-

cialist as the minimum standard of care.

Ethical considerations

Based on the available evidence, no evaluation of ethical aspects could

be performed. TS per se is a minimal-invasive, and in most cases, revers-

ible therapeutic procedures that do not negatively influence tooth sur-

vival. OA is a minimal-invasive but not reversible therapeutic procedure

that does not negatively influence periodontal outcome variables.

Economic considerations

Health-economic parameters were not evaluated in the identified studies.

Legal considerations

Not applicable.

R6.2. See question for R6.1

PICOS question addressed by a SR

R6.2: Evidence-based recommendation

In patients with stage IV periodontitis who do not require tooth

replacement but show persistent hypermobility or increasing mobility

after successful completion of periodontal therapy, long-term tooth

splinting may be considered to improve patient comfort.

Supporting literature (Dommisch et al., 2021; Sonnenschein, Ciardo,

et al., 2021; Sonnenschein, Ziegler, et al., 2021)

Quality of evidence Very low

Grade of recommendation Grade O—$
Strength of consensus Unanimous Consensus (0% of the group

abstained due to potential CoI)

Background

See the background text for Recommendation R6.1.

7 | CLINICAL RECOMMENDATIONS: CASE
TYPE 2

Case type 2: the patient with pathological tooth
migration, characterized by tooth elongation, drifting and
flaring, which is amenable to orthodontic correction.

7.1 | Introduction: Treatment of pathological tooth
migration in stage IV periodontitis patients

As explained in Sections 1.1.1 and 4.1, stage IV periodontitis is charac-

terized by similar severity and complexity as stage III periodontitis in

terms of periodontal inflammation, attachment and bone loss, but

these stage IV periodontitis patients have either lost five or more

teeth due to periodontitis and/or are in need for complex rehabilita-

tion due to one or more of the following criteria:

• Bite collapse, tooth migration, drifting, flaring and spacing are asso-

ciated with severe attachment loss at the affected teeth.

• Loss of posterior support and/or flaring of anterior teeth conse-

quent to periodontitis.

• Secondary occlusal trauma/tooth hypermobility, degree ≥2, attribut-

able to reduced periodontal attachment consequent to periodontitis.

• Less than 20 remaining teeth (10 opposing pairs)

• Loss of masticatory function (masticatory dysfunction) secondary

to a combination of the above.

Common to these patients is that the lack of appropriate treatment,

not only risks the loss of affected remaining teeth, but also loss of

the whole remaining dentition. In stage IV periodontitis patients,

the treatment of periodontitis (through standard periodontal ther-

apy, i.e., steps I–III plus supportive periodontal care) is not enough

to stabilize the case, resolve the masticatory dysfunction and

improve their quality of life. An inter-disciplinary treatment plan,

therefore, must be implemented, which may include orthodontic

and/or prosthetic rehabilitation for the stabilization and/or restora-

tion of the masticatory function, patient aesthetics and quality

of life.

In stage IV periodontitis patients, there are specific phenotypic varia-

tions/clinical scenarios based on the individual patterns of the periodontal

breakdown, which result in different degrees of functional and aesthetic

compromise, as well as in different treatment needs. One of the most

common phenotypic variations is the clinical case defining the patient with

pathological tooth migration, characterized by tooth elongation, drifting

and flaring, which is amenable to orthodontic correction. This consensus

report presents the evidence-based and expert-based recommendations

of the present clinical practice guideline for the treatment of the described

case type (type 2) of stage IV periodontitis (Figure 2).

Therefore, recommendations refer to combined periodontal and

orthodontic therapy in stage IV periodontitis patients where ortho-

dontic therapy is indicated.
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7.2 | Clinical recommendations for case type 2:
Orthodontic therapy in the treatment of stage IV
periodontitis patients

R7.1. In stage IV periodontitis patients, when there is
an indication for both periodontal and orthodontic
therapy, what is the effect of orthodontic therapy
(OT) on periodontal health and what are the possible
adverse effects and complications?

PICOS question addressed by a SR

R7.1: Evidence-based recommendation

In successfully treated stage IV periodontitis patients in need of

orthodontic therapy, we suggest undertaking OT based on evidence

that:

a. it does not significantly affect periodontal outcomes (probing pocket

depth-PPD and clinical attachment levels-CAL);

(Continues)

(Continued)

PICOS question addressed by a SR

R7.1: Evidence-based recommendation

b. it does not significantly affect gingival inflammation (bleeding on

probing—BOP) and gingival recession;

c. it does not lead to a significant increase in root resorption.

Supporting literature (Martín et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade B—"
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Treated stage IV periodontitis patients frequently require OT to

restore the tooth position and functional occlusion, which during the

F IGURE 2 Flowchart illustrating how orthodontic therapy (OT) of stage IV periodontitis patients can be integrated in the overall periodontal
treatment plan with reference to the recommendations R7.1–R7.8 of the S3-Level clinical practice guideline for the treatment of stage IV
periodontitis. Steps of periodontal therapy were described in the S3-Level clinical practice guideline for the treatment of periodontitis stage I–III
(Sanz, Herrera, et al., 2020). CAL, clinical attachment loss; PPD, probing pocket depth; BOP, bleeding on probing; RBL, radiographic bone loss;
4 weeks, 4 weeks; 6 months, 6 months; post-op, post-operative
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progression of periodontitis have pathologically migrated, as a conse-

quence of periodontal attachment and bone loss. In these patients

with a healthy but reduced periodontium, the results of OT may be

different, compared with patients without attachment loss, or the

orthodontic tooth movements may cause adverse effects on the

affected teeth or on the remaining periodontium.

Available evidence

Number and design of included studies

The SR by Martin et al. (2021) included 35 studies. These studies were

mainly case series with a pre–post design (15 prospective and 5 retro-

spective) or cohort studies (4 prospective and 2 retrospective) evalu-

ating the outcomes of OT in periodontitis patients; or studies

comparing the outcomes of OT between periodontitis versus non-

periodontitis patients, either with RCTs (1 split mouth and 7 with par-

allel arms), or CCT (1 split mouth).

Risk of bias

The overall quality of the included studies was evaluated as “low”.
From the eight RCTs assessed using RoB 2.0 tool, the overall bias

assessment was rated as “high” for two RCTs; as “low risk of bias” for
three RCTs and as “some concern” in the other three. Regarding the

20 pre–post intervention studies, only 1 was rated as “good” quality,

10 was rated as “fair” (moderate risk of bias) and 9 as “poor”. The
cohort studies were rated with the Newcastle–Ottawa scale (NOS)

scale with 4 being rated as “fair” quality, one as “poor” and one

as “good”.

Effect sizes and clinical relevance

A. Periodontal outcomes (PPD and CAL)

In patients without periodontitis, changes in CAL (mm) (mean

effect—ME = 0.248; 95% CI [�0.055; 0.551]; p = .109) were mini-

mal and non-statistically significant across time (p > .05). For

changes in PPD (mm), a statistically significant reduction was

observed (ME = 0.325; 95% CI [0.123; 0.526]; p < .001).

In patients with treated periodontitis, no significant changes were

observed in CAL (mm) (ME = 0.202; 95% CI [�0.018; 0.422];

p = .072). There was a slight reduction in PPD (mm) (ME = 0.129;

95% CI [0.058; 0.200]; p < .001), during OT.

B. Gingival inflammation and gingival recession

In patients without periodontitis, changes in BOP (%) (ME = 3.63;

95% CI [�2.11; 9.37]; p = .215) and in gingival recession (REC)

(mm) (ns = 2, np = 26; ME = 0.23; 95% CI [�0.32; 0.77];

p = .418) were minimal and non-statistically significant (p > .05).

In patients with treated periodontitis, also changes in BOP (%)

(ME = 0.96; 95% CI [�0.77; 2.69]; p = .278) or REC

(mm) (ME = 0.08; 95% CI [�0.37; 0.53]; p = .731) were minimal

during OT and not statistically significant.

C. Root resorption

Due to the scarcity of the data, no meta-analyses could be con-

structed for adverse effects. The advent of root resorption after

OT in periodontitis patients was reported in a few studies

irrespective of the type of orthodontic movement or anchorage

system used. In the conventional anchorage group, one study

(Melsen et al., 1989) reported 1–3 mm of root resorption when

the incisors were orthodontically intruded, while in another study

(Corrente et al., 2003) no resorption using similar orthodontic

movements was reported. In the skeletal anchorage group, only

one study reported apical root resorption (ranging from 0.2 to

0.4 mm) in the periodontally treated group, while similar root

resorption was also reported in periodontally healthy patients

treated by OT (ranging from 1 to 1.5 mm).

Balance of benefit and harm

OT has no detrimental effects on periodontal conditions in periodonti-

tis patients with a healthy but reduced periodontium, provided the

results of periodontal therapy are maintained during the active

OT. Overall, the benefits exceed the potential harms.

Consistency

All studies reported the same tendency.

Overall certainty of the evidence

The evidence was graded as moderate since a relevant number of stud-

ies reported consistent results, albeit with moderate to high risk of bias.

From evidence to recommendation—additional
considerations

Acceptability

Considering the likely benefits (improved tooth position, functional

occlusion, and aesthetics), this treatment is well accepted by the

patients, although there is lack of evidence on patient-reported out-

comes (PROMs) from the referred studies.

Feasibility, ethical and economic considerations

It should be considered that OT in patients with a reduced per-

iodontium may be a complex treatment frequently requiring applica-

tion of complicated devices and appliances, which requires that

appropriate specialists or dentists with advanced training implement

these treatments. Furthermore, these orthodontic treatments are usu-

ally long (up to 2 years) and require regular visits, which imposes the

patient or the health system with considerable costs. There are, how-

ever, no available cost-effectiveness studies for these combined

perio-ortho treatments. The considerable costs needed for these

treatments are mainly financially self-supported by the affected indi-

viduals in many European countries, what may result in inequity when

no healthcare funding is available. Furthermore, the availability for

appropriate professionals to render these complex treatments may

vary widely.

Legal considerations

There are usually no legal constraints to OT.
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R7.2. In stage IV periodontitis patients, when should
orthodontic therapy (OT) start?

Additional question addressed by the WG

R7.2: Expert consensus-based recommendation

In successfully treated stage IV periodontitis patients in need of

orthodontic therapy, we recommend starting OT once the endpoints of

periodontal therapy have been achieved [no sites with PPD = 5 mm

and BOP and no sites with PPD ≥6 mm (Sanz, Herrera, et al., 2020)].

Supporting literature Expert opinion; data from pre-clinical studies

Quality of evidence Low (expert opinion)

Grade of recommendation Grade A—""
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

OT is indicated for the functional and aesthetic rehabilitation of

stage IV periodontitis patients with pathological tooth migration,

characterized by tooth elongation, drifting and flaring. This OT

must fulfil its objectives without jeopardizing the short- and long-

term outcomes of periodontal therapy and hence it is important

to stage it appropriately within the overall patient's

treatment plan.

Available evidence

Number and design of included studies

The evidence for this recommendation is derived from expert opinion

and from experimental in vivo investigations.

Risk of bias

Not applicable.

Effect sizes and their clinical relevance

The evidence derives from well-controlled pre-clinical in vivo

investigations (Eliasson et al., 1982; Ericsson et al., 1977;

Melsen, 1986; Wennstrom et al., 1993) and clearly indicates

that when periodontitis is not fully treated (inflammation is

not arrested) prior/during OT, these orthodontic (biomechani-

cal) forces within the periodontal tissues with remaining

inflammatory processes will re-initiate and/or accelerate the

progression of periodontal destruction, leading to further loss

of clinical attachment and supporting alveolar bone. In con-

trast, no detrimental effects of orthodontic tooth movements

have been observed when these movements are exerted on

teeth with healthy (non-inflamed) reduced periodontal

support.

Consistency

All the referred pre-clinical investigations report consistent results

indicating that when periodontitis is not adequately controlled, OT

will result in further tissue destruction, evidenced by loss of periodon-

tal attachment and alveolar bone.

Balance of benefit and harm

These unwanted effects (further loss of periodontal attachment and

bone) clearly outweigh the benefit of OT and hence orthodontic tooth

movements should not be started until periodontal inflammation is

arrested, when fulfilling the well-established end points of periodontal

therapy (Sanz, Herrera, et al., 2020).

Overall certainty of the evidence

Low, expert opinion.

From evidence to recommendation—additional
considerations

Acceptability

Patients usually accept and understand, once they have been

explained the balance of the associated benefits versus harms, that

OT can only be implemented once periodontal therapy has been

completed and the end points of periodontal therapy have been

reached.

Feasibility, ethical and economic considerations

The only perceived barrier is the length of overall treatment, but since

the benefits clearly outweigh this inconvenience, this barrier is usually

well accepted.

There are no ethical or economic considerations.

Legal considerations

There are no legal considerations.

R7.3. How should we manage stage IV periodontitis
patients with pathological tooth migration (flaring,
drifting and elongation)?

PICOS question addressed by a SR

R7.3: Evidence-based recommendation

In stage IV periodontitis patients with pathological tooth migration, we

suggest undertaking orthodontic therapy once the endpoints of periodontal
therapy have been reached, based on the evidence that this therapy:

a. does not significantly affect periodontal outcomes [CAL, PPD, and

radiographic bone levels (RBL)];

b. seems to reduce gingival inflammation (BOP);

c. does not significantly alter gingival margin levels;

(Continues)
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(Continued)

PICOS question addressed by a SR

R7.3: Evidence-based recommendation

d. seems to improve inter-dental papilla height;

e. does not significantly affect root resorption and seems to reduce tooth

mobility.

Supporting literature (Papageorgiou et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade B—"
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Pathological tooth migration is a frequent sequela of periodontal attach-

ment loss in stage IV periodontitis patients manifested by tooth drifting,

flaring and elongation. Its correction requires OT after completion of

periodontal therapy. The treatment of these sequelae usually involves

intrusive, retrusive, and alignment tooth movements, which may poten-

tially cause adverse effects (further periodontal attachment or bone loss,

increased gingival inflammation, or increased root resorption) or second-

ary effects (undesired aesthetic outcomes such as gingival recession and

loss of inter-dental papilla) to the affected teeth.

Available evidence

Number and design of included studies

Thirty-four studies (from 37 publications) were included, reporting data

from 1090 participants with mean age of 43.7 years and a female/male

ratio of 3/1. Included studies were either comparative (randomized or

non-randomized) or single-group cohort studies with at least one group

with pre–post data combining periodontal–orthodontic therapy in stage

IV periodontitis patients with pathologic tooth migration.

Data were analysed either directly from comparative studies (ran-

domized/non-randomized) or indirectly, by pooling all study arms from

pre–post data studies, calculating the average effects for each out-

come and identifying the associated factors through subgroup/meta-

regression analyses. In this background text, the latter is referred to as

indirect meta-analyses and their results presented as pooled changes;

for direct meta-analysis, mean differences (MD) are presented. Data for

periodontal outcomes were retrieved from two comparative studies

for PPD and from one study for RBL. Indirect meta-analyses from

single-group before-and-after studies assessed CAL (7 studies), PPD

(7 studies) and RBL (7 studies).

Gingival inflammation was reported in one retrospective non-

randomized comparative study, while gingival recession was reported

in three non-randomized single-group before-and-after studies. Inter-

dental papilla height by indirect meta-analysis from two non-

randomized single-group before-and-after studies and root resorption

by indirect meta-analysis from three non-randomized single-group

before-and-after studies.

Risk of bias

All studies were evaluated as high risk of bias based on the ROBINS-I

or RoB 2.0 tools.

Effect sizes and their clinical relevance

There was no statistically significant difference in the overall PPD

change between combined periodontal–orthodontic therapy com-

pared with periodontal therapy alone, in a meta-analysis of two non-

randomized multi-group comparative cohort studies with 92 patients

(MD = �0.31 mm; 95% CI [�0.83; 0.22]; p = .26; I2 = 83%).

Indirect meta-analyses from single-group before-and-after studies

on the effect of OT reported significant CAL gain with a pooled

change of �0.24 mm (95% CI [�0.38; �0.10 mm]; p < .001; I2 = 79%

[7 studies]). Similarly, there was PPD reduction with a pooled change

of �0.23 mm (95% CI [�0.49; 0.04]; p = .09; I2 = 95% [7 studies]);

and RBL gain with a pooled change of �0.36 mm (95% CI [�0.59;

�0.13]; p = .002; I2 = 88% [7 studies]).

There was no significant effect in terms of the percentage of RBL

changes from the combined periodontal–orthodontic therapy (1 study;

20 patients; MD = �0.60%; 95% CI [�2.80; 1.60]; p = .59).

One study reported reduced gingival inflammation (bleeding index)

with combined periodontal–orthodontic therapy compared with only

periodontal treatment (1 study; 72 patients; MD = �13.89%; 95% CI

[�16.06; �11.72]; p < .001).

Indirect meta-analyses reported no significant effect on average

gingival recession either for the combined periodontal–orthodontic

therapy with pooled change of �0.53 mm (95% CI [�2.07; 1.01];

p = .50; I2 = 98% [3 studies]); or solely for OT subsequent to peri-

odontal therapy, with pooled change of 0.09 mm (95% CI [�0.01;

0.20]; p = .09; I2 = 0% [2 studies]).

Indirect meta-analysis reported increased inter-dental papilla

height after OT with pooled change of �1.42 mm (95% CI [�1.98;

�0.86]; p < .001; I2 = 94% [2 studies]).

Indirect meta-analyses reported no significant increase in root

resorption either for the combined periodontal–orthodontic therapy

with pooled change of �0.42 mm (95% CI [�0.63; �0.22]; p < .001;

I2 = 56% [3 studies]); or solely for the subsequent OT with pooled

change of �0.49 mm (95% CI [�1.04; 0.06]; p = .08; I2 = 71%

[2 studies]).

Consistency

The results on the periodontal outcomes and gingival inflammation

indicated either minor non-relevant effects or benefits from the com-

bined periodontal–orthodontic therapy. Consistency could not be for-

mally assessed by direct meta-analysis due to the small number of

included studies.
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Balance of benefit and harm

In stage IV periodontitis patients in need of OT, the benefit after OT

clearly outweighs the harm since the overall pooled effect resulted

in a beneficial impact on CAL, PPD, RBL and gingival inflammation

without being associated with significant adverse or secondary

effects.

From evidence to recommendation—additional
considerations

Acceptability

The addition of OT might impose an additional burden in patients, but

the expected benefits resulting from the improved function and aes-

thetics are usually understood and well accepted by the affected

patients, although there is lack of evidence on PROMs from the

referred studies.

Feasibility, ethical and economic considerations

These combined treatments need the collective effort of many oral

health providers (dental hygienists, periodontists, orthodontists or

dentists with advanced training and skills) since beyond the manage-

ment of the OT, patient's oral hygiene and periodontal status must

be carefully monitored throughout the treatment. Availability of

these needed human resources vary widely depending on the envi-

ronment and may be influenced by the available public healthcare

funding, since in many instances it must be self-funded by the

affected patient, what may implicate inequalities in the access to

these treatments. There is no evidence on the economic effects,

since there are no cost-effectiveness studies, although these com-

bined periodontal/orthodontic treatments are usually costly since

they require complex interventions and require multiple care

providers.

Legal considerations

There are no apparent legal constraints.

R7.4. How should we manage stage IV periodontitis
patients with tilted molars?

PICOS question addressed by a SR

R7.4: Expert consensus-based statement

In stage IV periodontitis patients with tilted molars orthodontic therapy

may be considered, although there is a lack of evidence on its possible

effect on periodontal outcomes.

Supporting literature (Kloukos et al., 2021)

Quality of evidence Very low

(Continues)

(Continued)

PICOS question addressed by a SR

R7.4: Expert consensus-based statement

Grade of recommendation Grade O—$
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

Tilted molars are a frequent sequela of tooth loss and periodontal

attachment loss in stage IV periodontitis patients, often in combina-

tion with bite collapse and loss of the vertical dimension of the occlu-

sion. The treatment of these sequelae usually involves OT using

movements of tooth up-righting, which may cause adverse effects to

the affected teeth (further attachment and/or bone loss).

Available evidence

Number and design of included studies

The SR by Kloukos et al. (2021) has only identified one study evaluat-

ing the effect of OT on tilted molars (Kraal et al., 1980). This split-

mouth retrospective study reported a single cohort of patients, where,

on one side, tilted molars were orthodontically treated, while, on the

contra-lateral side, they were not.

Risk of bias

Using the ROBINS-I-tool, this study by Kraal et al. (1980) was rated as

of critical risk of bias.

Effect sizes and their clinical relevance

There were no data available on PPD or CAL changes. Results only

reported mean radiographic bone height changes. In 15 patients with

treated and untreated sides, mean bone height change was �2.21 mm

(SD = 4.53) in untreated, versus �1.07 mm SD = 7.35) in treated

teeth. The mean bone height change was �2.53 mm (SD = 4.53) in

15 untreated molars, versus �1.60 mm (SD = 7.01) in 21 uprighted

molars. Due to the scarcity of available evidence, the clinical relevance

of these results could not be considered.

Balance of benefit and harm

Adverse effects such as tooth loss, abscess or decay were not

reported in this study. Similarly, success and duration of orthodontic

tooth movement, as well as subjective/objective evaluation of masti-

catory function or PROMs were not reported. Due to the scarcity of

available evidence, the balance of benefit versus harm of this type of

combined perio-ortho therapy could not be assessed.
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Overall certainty of the evidence

Considering the evidence derived from only one retrospective study,

the overall certainty of the evidence was rated as very low.

From evidence to recommendation—additional
considerations

Acceptability, feasibility, ethical, economic and legal considerations of

this intervention could not be evaluated.

R7.5. In stage IV periodontitis patients presenting with
intra-bony defects and in need of OT, what is the
outcome of the combined periodontal and orthodontic
therapy and what should be the time interval between
the periodontal regenerative and orthodontic
therapies?

PICOS question addressed by a SR

R7.5: Evidence-based recommendation

In stage IV periodontitis patients where intra-bony defects have been

treated following the recommendations of the clinical practice guideline

([Sanz, Herrera, et al., 2020] using the appropriate regenerative

interventions):

1. We recommend undertaking OT based on the evidence that the

combined treatment significantly improves periodontal outcomes

(increased CAL gain, PD reduction and RBL gain) and significantly

reduces gingival inflammation (BOP).

2. We suggest not to wait for a prolonged healing period after the

regenerative intervention, before initiating OT, since there is evidence

that a short (1 month) and a prolonged (6 months) period between

periodontal/regenerative and OT result in comparable outcomes.

Supporting literature (Kloukos et al., 2021; Martín et al., 2021;

Papageorgiou et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade A—"" (1); Grade B—" (2)

Strength of consensus Consensus (10.6% of the group abstained due

to potential CoI)

Background

Intervention

Teeth with intra-bony defects are frequently present in stage IV peri-

odontitis patients. These defects are not only a complexity factor for

the periodontal therapy, but may also affect the outcomes of OT since

tooth movements may occur through the regenerated tissues. As

reported in the previously published S3-Level CPG of periodontal treat-

ment for stage I–III periodontitis patients (Sanz, Herrera, et al., 2020),

these intra-bony defects should be treated during the step 3 of peri-

odontal therapy by surgical periodontal regenerative interventions.

After this therapy, it is relevant to understand whether orthodontic

tooth movements can be implemented safely in these affected teeth,

and what is the appropriate time interval between the surgical interven-

tion and the start of active orthodontic tooth movements.

Available evidence

Number and design of included studies

Data from the three SRs (Kloukos et al., 2021; Martín et al., 2021;

Papageorgiou et al., 2021) were retrieved from 16 studies including a

total number of 683 patients: being three RCTs, 10 prospective and

three retrospective case series studies.

Risk of bias

Using the Risk of Bias 2.0. tool, two RCTs were rated high risk of bias.

The RCT comparing early versus delayed OT (Jepsen et al., 2021) was

rated low risk of bias. The remaining 13 studies, using the ROBINS-I-

tool, were rated as critical risk of bias in eight studies, as serious risk

of bias in four, and as fair risk in one study.

Effect sizes and their clinical relevance

Twelve studies reported on mean PPD changes in mm, while in one

study the mean PPD changes were reported in percentages. Out-

comes from two RCTs indicated a PPD reduction of 2.17 mm

(SD = 0.20) and 4.21 mm (SD = 1.35), respectively, while the results

from non-RCTs indicated mean PPD reduction ranging from

0.07 mm (SD = 0.75) to 5.5 mm (SD = 1.50). A retrospective cohort

study with 48 patients (Tietmann et al., 2021) reported a mean PPD

reduction of 2.5 mm and a mean RBL gain of 4.7 mm after

12 months. Pocket closure (PPD ≤ 4 mm) was attained in 87% of

defects.

Mean CAL changes were reported in eight studies. In two RCTs,

reported gain in CAL was 3.09 mm (SD = 0.47) and 3.67 mm

(SD = 0.76), respectively, while in non-RCTs CAL gain ranged from

0.29 mm (SD = 0.17) to 5.93 mm (SD = 1.41). The results from the RCT

comparing OT starting early versus late, after the periodontal regenera-

tive intervention, demonstrated a potential beneficial effect of the early

OT, since no statistically significant differences were observed in terms

of CAL gain (5.4 mm [SD = 2.1] for early; 4.5 mm [SD = 1.7]) for late

OT, or PPD reduction [4.2 mm (SD = 1.9) in the early group versus

3.9 mm (SD = 1.5) in the late group (p > .05)]. Similarly, pocket closure

(PPD ≤ 4 mm) occurred in 91% of the early OT treated teeth versus

85% in late OT (Jepsen et al., 2021).

Consistency

There was general agreement among included studies that in patients

with severe periodontitis (stage IV or equivalent) and presence of

intra-bony lesions, the combination of periodontal regenerative treat-

ment with OT positively influenced the periodontal outcomes.

Balance of benefit and harm

Five articles reported on harms/adverse effects; no significant adverse

effects were reported. Furthermore, the benefits of early OT (similar
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outcomes with significantly reduced overall treatment time) seem to

outweigh the potential risks.

From evidence to recommendation—additional
considerations

Acceptability

Although there is no evidence from PROMs, the combination

of periodontal and orthodontic therapies was well accepted by the

patients.

Feasibility

The combination of complex periodontal and orthodontic therapies

requires the coordinated efforts of different oral care providers (spe-

cialists or dentists with advanced training and skills in periodontal and

orthodontic therapies) and these special settings may not be encoun-

tered in every oral health care environment.

Ethical considerations

There is no evidence for ethical considerations.

Economic considerations

There is no evidence from cost-effectiveness studies, although

the combined periodontal–orthodontic therapy of these patients

is complex, requires multiple care providers and it is usually

costly.

Legal considerations

There are no specific legal considerations.

R7.6. How should we implement OT in stage IV
periodontitis patients to maintain/improve periodontal
outcomes?

PICOS question addressed by a SR

R7.6: Evidence-based recommendation

In patients with severe periodontitis (stage IV or equivalent) with

indication of OT to maintain/improve periodontal stability:

1. we suggest using fixed rather than removable appliances;

2. use of fiberotomy as an adjunct to orthodontic tooth movement may
be considered to improve periodontal outcomes;

3. use of skeletal anchorage devices (implants or temporary anchorage

devices—micro-screws or mini-plates) may be considered to enhance

orthodontic tooth movement.

Supporting literature (Martín et al., 2021; Papageorgiou et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—" (1), Grade O—$ (2, 3)

Strength of consensus Consensus (1.7% of the group abstained due to

potential CoI)

Background

Intervention

1. Orthodontic tooth movements can be carried out either by fixed

(braces) or removable (able to be inserted/removed by the

patients, such as removable plates, thermoplastic aligners, etc.)

orthodontic appliances.

2. Circumferential fiberotomy of the supracrestal periodontal fibres

has been suggested as an adjunct surgical procedure to improve

the post-treatment stability after correction of severely rotated

teeth or as an intervention aimed to improve attachment levels

during orthodontic tooth intrusion.

3. In stage IV periodontitis patients with a healthy but reduced per-

iodontium, the use of skeletal anchorage devices, compared with

conventional anchorage systems, may improve the efficacy of OT

and its effect on periodontal outcomes.

Available evidence

Number and design of included studies

1. One non-randomized retrospective comparative study comparing fixed

appliances (braces) with aligners, reporting results from before peri-

odontal to afterOT, in terms of CAL/RBL/PPD/root length outcomes.

2. The use of fiberotomy as an adjunct to combined periodontal–

orthodontic therapy was assessed in two within-individual RCTs.

3. Anchorage systems:

� In 4 studies, skeletal anchorage (temporary anchorage devices,

TADs, or implants) was used in all patients.

� In 12 studies, different types of conventional anchoragewere used.

� 2 studies presented results of patients treated with TADs mixed

with patients without TADs.

Risk of bias

1. Type of orthodontic appliance

The only included study was judged as serious risk of bias using

the ROBINS-I tool.

2. Use of fiberotomy

Both randomized trials were judged as high risk of bias using the

RoB 2.0 tool for at least two domains each.

3. Anchorage systems

The overall quality of the included studies was judged as “low”.
� Considering the 12 pre–post intervention studies assessed,

2 were rated as “good”, 4 of them were rated as “fair” (moder-

ate risk of bias) and 6 were rated as “poor”.
� The study rated according to ROBINS-I tool received an overall

assessment of “serious” risk of bias.

� Considering the five RCTs assessed using RoB 2.0 tool, the

overall bias assessment was “high” for two RCTs; one RCTs was

rated as “low risk of bias” and another two were rated with

“some concerns”.
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Effect sizes and their clinical relevance

1. The included study reported that fixed appliances have benefits

over aligners for PPD (1 study; MD = �1.64 mm; 95% CI [�2.50

to �0.78]; p < .001), but not for RBL (1 study; MD = 0.01; 95% CI

[�1.01 to 1.03; p = .99).

2. Adjunctive use of fiberotomy was associated with benefits in CAL

(1 study; MD = �0.63 mm; 95% CI [�1.10 to �0.16]; p = .009) and

RBL (2 studies; MD = �0.98 mm; 95% CI [�1.87 to �0.10]; p = .03),

but not PPD (1 study; MD = �0.03 mm; 95% CI [�0.48 to

0.42]; p= .90).

3. In terms of different anchorage systems, there is no evidence of

added benefits on periodontal parameters from using a specific type

of anchorage system during OT. In terms of orthodontic outcomes,

the use of osseointegrated implants as anchorage (one study), TADs

(three studies) and conventional anchorage resulted in different

tooth movements (such as intrusion) ranging between 1 and 7 mm,

without a clear advantage among the different systems.

Root resorption after OT in periodontitis patients was reported in stud-

ies using different anchorage systems, with similar levels of reported

resorption (between 0.2 and 3.0 mm) with either conventional anchor-

age or skeletal anchorage. Root resorption was also reported in similar

ranges in studies with OT in healthy periodontal patients.

Consistency

In relation to the type of orthodontic appliance, since only one study

was available, the consistency could not be assessed. For the adjunc-

tive use of fiberotomy, the results were not consistent for the peri-

odontal outcomes. The results using different anchorage systems

reported the same tendency.

Balance of benefit and harm

There are no considerable harms for the periodontal tissues and other

dental tissues and structures, with the use of conventional fixed appli-

ances (braces), other than the increased microbial burden, related to

the difficulties in oral hygiene practices, which can however be man-

aged appropriately. Similarly, there is no evidence of significant harms

associated with the different anchorage systems.

Although fiberotomy is a surgical procedure, the possible side

effects have not been adequately reported.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

1. Some patients might prefer aligners over fixed appliances, due to

their enhanced aesthetics and easiness for oral hygiene. However,

braces have been historically well accepted by adults and there are

currently more aesthetic alternatives in fixed appliances (ceramic/

lingual appliances).

2. Fiberotomy is a surgical intervention, albeit minimally invasive,

what might be less acceptable by some patients.

3. Some patients might experience discomfort when receiving

TADs, although this fact has not been evaluated in the reported

studies.

Feasibility

1. The use of fixed appliances requires specific knowledge of applied

biomechanics, what is usually rendered by orthodontic specialists,

while aligners treatment is mostly facilitated through third parties

(companies or external laboratories) producing the aligners and

enabling both specialists and general dentists to provide this kind

of treatment. However, extensive knowledge of tooth biology and

applied biomechanics is still a pre-requisite for treatment planning

and monitoring.

2. Fiberotomy requires specific surgical experience from the operator.

3. In cases of using skeletal anchorage systems, knowledge of surgical

anatomy and surgical skills are needed.

Ethical and economic considerations

Fiberotomy, as an additional surgical insult to the periodontal tissues,

must be further evaluated in terms of its long-term effectiveness and

since it is an additional surgical intervention, it might be associated

with further costs.

Legal considerations

There are no specific legal considerations.

R7.7. How should we manage stage IV periodontitis
patients during and after the completion of OT to
prevent recurrence of periodontitis?

Additional question addressed by the WG

R7.7: Expert consensus-based recommendation

We recommend that during OT the patient's periodontal status is closely

monitored and managed, ideally at each orthodontic appointment. If

signs of periodontitis recurrence are detected, active OT should be

interrupted, and the affected teeth should be maintained passively,

while rendering proper periodontal treatment and oral hygiene

reinforcement. Once periodontal health/stability has been re-

established, OT can be re-instituted.

We recommend that after completion of OT, life-long supportive

periodontal care and life-long orthodontic retention are provided

tailored to the individual needs/risk profile of the patient.

Supporting literature (Arn et al., 2020; Jiang et al., 2021) and Expert

opinion

Quality of evidence Low (expert opinion)

Grade of recommendation Grade A—""
Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)
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Background

Intervention

The use of orthodontic appliances is associated with increased micro-

bial colonization and increased plaque retention; hence, OT is often

associated with gingival inflammation and a transient shift of the sub-

gingival microbiota. It is, therefore, important to implement an appro-

priate oral hygiene and periodontal management protocol throughout

OT to ensure periodontal health and avoid adverse effects like enamel

demineralization, tooth discolorations, and further loss of periodontal

support. Although, in some patients, an acceptable oral hygiene level

can be attained, professional plaque control and other supportive oral

and periodontal care must be implemented following the patient's risk

profile.

Available evidence

Number and design of included studies

The evidence for this recommendation is derived from expert opinion

and from a randomized trial with 48 patients, comparing three differ-

ent periodic periodontal scaling protocols (every month, every

3 months or every 6 months) for the maintenance of periodontal

health in adolescents with fixed orthodontic appliances (Jiang

et al., 2021). A systematic review (Arn et al., 2020) assessed the avail-

able evidence in the literature for the effects of fixed orthodontic

retainers on periodontal health. It included 11 RCTs, 4 prospective

cohort studies, 1 retrospective cohort study and 13 cross-sectional

studies.

Risk of bias

Not applicable.

Effect sizes and their clinical relevance

One RCT reported that periodontal scaling conducted monthly or

once every 3 months during OT was more effective (in terms of PI, GI,

PPD and crevicular inflammation biomarkers) than scaling adminis-

tered once every 6 months. The systematic review concluded that the

use of fixed orthodontic retainers was compatible with periodontal

health, or at least not associated with detrimental effects on the

periodontium.

Even though the RCT and the systematic review studied peri-

odontally healthy patients and not adults with stage IV periodonti-

tis, it is expected that these findings can be reasonably

extrapolated.

Consistency, balance of benefit and harm

Not applicable.

Overall certainty of the evidence

Low, expert opinion.

From evidence to recommendation—additional
considerations

Acceptability

Patients usually accept and understand the need for long-term

supportive care.

Feasibility, ethical, economic and legal considerations

There are no specific considerations.

R7.8. How should we attain stability of the
orthodontically treated dentition in stage IV
periodontitis patients?

Additional question addressed by the WG

R7.8: Expert consensus-based recommendation

We recommend that an appropriately designed permanent fixed passive

retention (with or without additional removable retention) is used after

the completion of orthodontic therapy.

We also recommend that patients enter a life-long supporting

protocol to identify early retainer failures and/or undesired tooth

movements.

Supporting literature (Han et al., 2020) and Expert opinion

Quality of evidence Low (expert opinion)

Grade of recommendation Grade A—""
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Post-orthodontic relapse of the moved teeth towards their pre-

treatment positions is often observed and can have aesthetic and

functional consequences that compromise treatment outcomes and

patient satisfaction. Therefore, some type of retention, either with

removable or fixed appliances, is usually implemented depending on

the pre-existing malocclusion, the type of tooth movements carried

out, and patient preferences. Fixed retention is usually considered

superior to removable appliance in terms of reducing post-treatment

relapse, especially in anterior crowding (Littlewood et al., 2016). How-

ever, at the same time, it may be more prone to retention failure in

the short or the long term, might lead to more plaque accumulation or

gingival inflammation, and might even lead to inadvertent tooth

movements due to the distortion of the bonded wire. It is, therefore,

advisable that fixed retention (with additional removable appliances, if

needed) is used after OT in patients with stage IV periodontitis, but a

long-term supportive care protocol should be implemented to assess

not only periodontal health, but the integrity of the retention appli-

ances and the stability of the treatment outcomes.
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Available evidence

Number and design of included studies

The evidence for this recommendation is derived from expert opin-

ion and from a retrospective cohort study with 52 patients

followed at least 2 years after OT (Han et al., 2020).

Risk of bias

Not applicable.

Effect sizes and their clinical relevance

Han et al. (2020) reported that orthodontic fixed retainers fail more

often in stage III periodontitis patients compared with stage I peri-

odontitis patients. This study did not include stage IV periodontitis

patients, but these findings indicate that increased periodontitis

severity was associated with higher retainer failure, and hence, in

stage IV periodontitis patients, the need for frequent recalls to evalu-

ate the retainer's integrity should be highlighted.

Consistency, balance of benefit and harm

Not applicable.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

Patients usually accept and understand the need for long-term fixed

passive retention and regular monitoring.

Feasibility, ethical, economic and legal considerations

There are no specific considerations.

8 | CLINICAL RECOMMENDATIONS:
OVERALL STRATEGY FOR THE
MANAGEMENT OF CASE TYPES 3 AND 4

In stage IV periodontitis patients, prosthetic rehabilitation requires

adherence to both periodontal and reconstructive treatment princi-

ples. Such principles need to be tailored to the specific needs of this

patient group. Several key issues need to be addressed, including:

1. Identification of the restorative needs with an emphasis on limiting

the scope of the prosthetic treatment while ensuring patient com-

fort and stability.

2. Identification of the need for interim dental prostheses.

3. Timing of delivery of interim and definitive dental prostheses.

4. Need and timing of dental implant placement.

This section aims to provide recommendations for the general princi-

ples of case management in patients with a compromised dentition

due to stage IV periodontitis requiring rehabilitation.

R8.1. How important is it to identify the restorative
needs of the individual case in stage IV periodontitis
patients?

Additional question raised by the WG

R8.1: Expert consensus-based recommendation

We recommend identifying the restorative needs of partially edentulous

stage IV periodontitis patients based on the pattern of tooth loss,

individual functional and aesthetic needs, patient comfort and

prognostic factors. The level of function and design of

the rehabilitation should be compatible with case stability

over time.

Supporting literature Expert opinion

Quality of evidence Not applicable

Grade of recommendation Grade A—""
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Stage IV periodontitis cases are characterized by high levels of pheno-

typic variation. While restorative needs to achieve case stability and

address patient comfort are only one dimension of what needs to be

considered in treatment planning, precise identification of these needs

is critical. Treatment goals need to be based on the individual patient,

its unique pattern of tooth loss, tooth prognosis both in terms of peri-

odontal maintainability and restorative factors. Furthermore, the

treatment plan should be able to stop or mitigate greatly the occlusal

and functional aspects that contribute to the instability of the case

and loss of patient comfort.

R8.2. Is there a need, and what is the timing of interim
restorations in stage IV periodontitis patients?

Additional question raised by the WG

R8.2: Expert consensus-based recommendation

We recommend placing an interim dental prosthesis, if required, early

during periodontal therapy, but only after establishing adequate oral

hygiene.

Supporting literature (Donos et al., 2021; Montero et al., 2021;

Ramanauskaite et al., 2021; Tomasi et al., 2021) and Expert opinion

Quality of evidence Very low

Grade of recommendation Grade A—""
Strength of consensus Strong consensus (1.9% of the group abstained

due to potential CoI)
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Background

Once the restorative needs of the case have been identified, interim

restorations may be required to provide stable posterior occlusal

stops, relieve secondary occlusal trauma, replace functionally impor-

tant missing teeth, or improve patient comfort. Ideally, the decision to

place an interim restoration should be based on the individual

response of periodontal therapy as assessed in the periodontal re-

evaluation after completion of step 2 treatment. Frequently, the bene-

fits to the treatment plan from interim restorations require their inser-

tion as early as possible. Flexibility to move forward the interim

restoration in the treatment plan, however, should not compromise

the need to achieve adequate supragingival biofilm control in the con-

text of step 1 treatment.

R8.3. Which are the general principles for the design
and delivery of dental prostheses in stage IV
periodontitis patients?

Additional question raised by the WG

R8.3: Expert consensus-based recommendation

We recommend designing the dental prostheses to allow optimal self-

performed oral hygiene measures and professional mechanical plaque

removal.

We recommend delivery of the definitive prosthesis after a final

evaluation of the maintainability and prognosis of abutment teeth/

implants.

Supporting literature (Donos et al., 2021;

Montero et al., 2021; Ramanauskaite et al., 2021; Tomasi

et al., 2021) and Expert opinion

Quality of evidence Very low

Grade of recommendation Grade A—""
Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Oral biofilm control is important for the longevity of the dentition and

restorations. This is critically important in subjects with stage IV peri-

odontitis who have shown high susceptibility to periodontitis. Restora-

tions may render access and effectiveness of self-performed biofilm

control and professional mechanical plaque removal (PMPR) more chal-

lenging. While restorations are primarily designed to restore function,

they should enable optimal biofilm control at the critical interface

between the restoration, the tooth/root surface, the implant on one side

and the soft tissues (gingiva, peri-implant or alveolar ridge mucosa) on

the other. Planning and execution of these restorations should preserve

the necessary access for oral hygiene aids including inter-dental brushes

or dental floss, as well as instruments for PMPR (both supra- and sub-

gingivally). This should be prioritized compared with avoidance of food

impaction. The design should be finalized with the interim dental

prosthesis and achievement of tissue health needs to be verified along

with the maintainability of the abutments before insertion of the final

prosthesis. Insertion of the final dental prosthesis needs to follow the

achievement of the treatment goals for natural teeth and/or implants at

the completion of active periodontal therapy.

R8.4. Which are the general considerations when
incorporating dental implants in stage IV periodontitis
patients?

Additional question raised by the WG

R8.4: Expert consensus-based recommendation

When dental implants are considered in the rehabilitation of stage IV

periodontitis patients, we recommend verifying (i) absence of

contraindications to surgery, (ii) hard and soft tissue dimensions and

(iii) the potential need for soft-/hard-tissue augmentation.

Supporting literature Expert opinion

Quality of evidence Not applicable

Grade of recommendation Grade A—""
Strength of consensus Consensus (3.5% of the group abstained due to

potential CoI)

Background

Dental implants are frequently considered in the rehabilitation of stage IV

periodontitis patients to replace missing teeth and restore function. The

use of a dental implant, however, may present different levels of complex-

ity and range from a simple procedure in a subject with no medical contra-

indications and adequate dimensions of soft and hard tissues, to a complex

procedure requiring specific medical assessments and/or challenging local

hard and/or soft tissue augmentation. As the complexity of the dental

implant placement increases, its clinical performance may decrease, affect-

ing the cost–benefit ratio and its attractiveness with respect to alterna-

tives. Such considerations are part of the strategic assessment that concur

in the determination of the treatment plan for the individual case.

R8.5. Which are the specific considerations when
incorporating dental implants in stage IV periodontitis
patients?

PICOS question addressed by a SR

R8.5: Expert consensus-based recommendation

When dental implants are considered in the rehabilitation of stage IV

periodontitis patients, we recommend that information on the

increased risk for peri-implantitis and implant loss should be provided.

Supporting literature (Lindhe, Meyle, & Group, 2008; Carra

et al., 2021) and Expert opinion

Quality of evidence Low

Grade of recommendation Grade A—""
Strength of consensus Consensus (23.8% of the group abstained due

to potential CoI)
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Background

Substantial evidence indicates that subjects with advanced/rapidly

progressing forms of periodontitis have a higher risk of implant loss

and peri-implantitis, when compared with the general population,

or with individuals without a history of periodontitis (Schwarz

et al., 2018; Carra et al., 2021). While some of the risk seems to

be associated with placement of dental implants before achieve-

ment of full control of periodontitis and, perhaps, with subjects

with nicotine addiction who cannot quit cigarette smoking, the

available evidence does not allow excluding that a portion of the

increased risk associated with periodontitis may persist even after

appropriate periodontal treatment. The assumption that the health

and function of dental implants in adequately treated and well-

maintained stage IV periodontitis patients parallels the longevity

observed for dental implants in the general population is probably

optimistic.

The systematic review by Carra et al. (2021) was based on 7 pro-

spective and 10 retrospective studies and accounted for 1718

implants placed in patients with a history of periodontitis and 2879

implants placed in patients with no history of periodontitis to restore.

Eight out of the 17 studies (47%) included both non-smokers and

smokers, the latter group representing 1.7%–28.8% of the patient

sample. One study considered non-smokers only, and the remaining

seven studies did not provide any detail about smoking habits. The

type of supportive periodontal/implant care was reported in only

11 of 17 studies (64.7%), but the patient's compliance to the recall

intervals was rarely defined. Although the overall mean implant sur-

vival rate, at a follow-up of at least 5 years, was high also in patients

with a history of periodontitis (94.7%, 95% CI [92.3; 97.1]), pooled

data analysis demonstrated that implant-supported fixed dental pros-

theses have a greater risk of failure (risk ratio—RR: 1.9, 95% CI [1.31;

2.79]) and peri-implantitis (RR: 3.3, 95% CI [1.31; 8.3]) in patients with

a history of periodontitis, compared with patients with no history of

periodontitis. The magnitude of the risk was considered clinically rele-

vant, particularly after 5 years of follow-up from implant loading (haz-

ard ratio—HR: 2.11, 95% CI [1.18; 3.79]).

R8.6. Which are the specific considerations for the
design of dental implants restorations in stage IV
periodontitis patients?

PICOS question addressed by a SR

R8.6: Expert consensus-based recommendation

Due to the risk of tooth loss and prosthesis failure, we suggest avoiding
combined tooth/implant-supported fixed partial dental prostheses if

alternatives are feasible.

Supporting literature (Montero et al., 2021) and Expert opinion

Quality of evidence Low

Grade of recommendation Grade B—"
Strength of consensus Unanimous Consensus (7.8% of the group

abstained due to potential CoI)

Background

Long-term studies have shown that dental prostheses retained by a

combination of teeth and dental implants show higher rates of failure

and tooth loss compared with dental prostheses supported by teeth

or implants alone. In treatment planning, whenever alternatives exist,

such designs should be avoided.

9 | CLINICAL RECOMMENDATIONS: CASE
TYPE 3

Case type 3: partially edentulous patients who can be
prosthetically restored without full-arch rehabilitation.

9.1 | Clinical recommendations for case type
3 with tooth-delimited gaps

R9.1. What is the effectiveness of prosthetic
rehabilitation in patients with periodontitis stage IV
where tooth preservation is feasible, with one or
multiple tooth-delimited gaps, and adequate residual
periodontal support and maintainability of the
remaining teeth?
(Common question for Recommendations R9.1, R9.2, R9.3, R9.4)

PICOS question addressed by a SR

R9.1: Evidence-based recommendation

In partially edentulous stage IV periodontitis patients with tooth-delimited

edentulous spaces, different options (namely tooth-supported fixed

dental prostheses, implant-supported fixed dental prostheses, removable

dental prostheses, or no prosthetic rehabilitation) may be considered.

Supporting literature (Carra et al., 2021; Gotfredsen et al., 2021;

Montero et al., 2021)

Quality of evidence Low

Grade of recommendation Grade O—$
Strength of consensus Consensus (1.4% of the group abstained due to

potential CoI)

Background

Intervention

Interventions include tooth-supported fixed dental prostheses,

implant-supported fixed dental prostheses, removable dental prosthe-

ses (RDPs), or no prosthetic rehabilitation, in periodontitis stage IV

patients with one or multiple tooth-delimited gaps, and adequate

residual periodontal support and maintainability of the remaining

teeth.
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Available evidence

Number and design of included studies

For implant-supported fixed dental prostheses (iFDPs) (Carra

et al., 2021), evidence is based on 7 prospective and 10 retrospective

studies, reporting on 1718 implants placed in patients with a history

of periodontitis and 2879 implants placed in patients with no history

of periodontitis.

For tooth-supported fixed dental prostheses (tFDPs) (Montero

et al., 2021), evidence is based on one RCT, one CCT, four prospective

case series and 14 retrospective case series, including data from 1029

subjects at baseline, with a total of 1037 tFPDs, including 3186 abut-

ment teeth. The follow-up ranged between 24 and 425 months. At

the end of the follow-up period, 933 subjects with 915 tFPDs on

2989 abutment teeth were analysed.

For removable dental prostheses (RDPs) (Gotfredsen

et al., 2021), evidence is based on three prospective (one RCT/two

non-randomized) and one retrospective study that specifically

reported having also included Kennedy class III or IV RDPs (including

minimum 175 to maximum 234, in total), and reporting on 1–5 years

results, in either exclusively periodontitis patients or in mixed peri-

odontitis/non-periodontitis study populations. Several studies did not

specify the type of Kennedy class.

Risk of bias

For iFDPs, 10 of 17 studies (58.8%) were considered at low risk of

bias (Newcastle–Ottawa scale). Funding sources and conflict of inter-

est declaration were not reported in the majority of studies.

For tFDPs, all investigations (n = 20) presented an unclear or high

risk of bias, using the RoB 2.0 tool, the ROBINS-I tool or the

Newcastle–Ottawa scale.

For RDPs, all four publications that specifically reported having also

included Kennedy class III or IV RDPs were judged being of moderate

risk of bias (the RCT with the RoB 2.0 tool and the three non-

randomized studies with the Newcastle–Ottawa scale). Funding sources

and conflict of interest declaration were inconsistently reported.

Effect sizes and their clinical relevance

For iFDPs, although the risk of peri-implantitis and implant loss is

greater in patients with a history of periodontitis compared with sub-

jects with no history of periodontitis, the overall mean implant survival

rate at a follow-up of at least 5 years is favourable (94.7% [92.3%–

97.1%]) and acceptable to counterbalance the risks.

For tFDPs, the incidence of abutment tooth loss after a follow-up

period from 2 to 35.4 years was low (n = 17 studies; weighted mean

incidence (WMI) = 4.8%; 95% CI [3.2; 6.5]). The corresponding figure

for prosthesis failure was WMI = 6.9% (n = 18 studies; 95% CI [4.1;

9.7]). Therefore, tFDPs seemed to be a valid alternative to restore

function in patients with stage IV periodontitis.

For RDPs, in one publication (a prospective cohort study), out of

the four publications that specifically reported having also included Ken-

nedy class III or IV RDPs, an abutment tooth failure rate (defined as

abutment tooth restoration or loss) ranging from 16% to 48% was

reported; however, it was not possible to attribute specific rates to a

particular Kennedy class or type of RDP. In another RCT, specifically

reporting on Kennedy class III or IV RDPs, an abutment failure rate of

9%–15% was reported. However, it was not possible to attribute spe-

cific rates to a particular Kennedy class; the risk for failure was higher at

non-vital compared with vital abutment teeth (HR = 2.29).

Consistency

For iFDPs, sensitivity analysis indicated consistency.

For tFDPs, a significant publication bias was observed for the

main outcome measure (i.e., tooth loss).

For RDPs, no analysis of the consistency was possible based on

the available evidence.

Balance of benefit and harm

Specific analyses on benefit/risk ratios, comparing different options

for the rehabilitation of unilateral or bilateral posterior free-end

edentulism, were not the focus of the SRs.

For iFDPs, potential harms related to surgery (e.g., intra- and

post-operative complications) and peri-implant health maintenance

(e.g., higher risk of peri-implantitis and implant loss over time) should

be considered.

For tFDPs, technical complications (e.g., loss of retention, frame-

work fracture, porcelain fracture, etc.) presented a WMI = 13.6%

(n = 10 studies; 95% CI [8.3; 18.9]) and seemed to be more frequent

than biologic complications (e.g., caries, endodontic failure, root fracture,

etc.) that presented a WMI= 5.1% (n = 7 studies, 95% CI [2.5; 7.8]).

RDPs do not necessarily cause further periodontal breakdown or

tooth loss. There is no information in the studies (having also included

Kennedy class III or IV RDPs) on whether masticatory efficiency,

including nutritional status, or OHRQoL were improved.

Overall certainty of the evidence

For iFDPs, the certainty of evidence is moderate.

For tFDPs, the certainty of evidence is low.

For RDPs, the certainty of evidence is low.

From evidence to recommendation—additional
considerations

Acceptability

iFDPs are acceptable, and a widespread option for rehabilitation of

partial edentulism in patients with stage IV periodontitis. Little is

known about patients' preferences and satisfaction.

Patient satisfaction was considered in seven studies

evaluating tFDPs, using questionnaires related to chewing function, aes-

thetics, phonetics, comfort and/or general satisfaction. In general, more

than 85% of the patients were satisfied with the treatment provided or

reported positive results for the different outcomes evaluated.

RDPs are acceptable and a widespread option for rehabilitation

of partial edentulism in patients with stage IV periodontitis. Little is

known about patients' preferences and satisfaction.
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Feasibility

iFDPs are demanding in terms of professional competency and

resources.

tFDPs are demanding in terms of professional competency and

resources.

RDPs are often less demanded compared with tFDPs or iFDPs.

Ethical considerations

Not applicable.

Economic considerations

iFDPs come with additional costs that are not covered by

healthcare systems in most countries and may be a source of inequality.

The economic considerations related to tFDPs have not been

properly evaluated. In any case, they may imply additional costs that

are not covered by healthcare systems in most countries and may be

a source of inequality.

RDPs are more economical compared with tFDPs or

iFDPs and often covered (at least partially) by most healthcare systems.

Legal considerations

Not applicable.

R9.2. For question, see R9.1

PICOS question addressed by a SR

R9.2: Evidence-based recommendation

We suggest using tooth-supported fixed dental prostheses in patients

with stage IV periodontitis when abutment teeth are periodontally

maintainable and restorable.

Resin-bonded fixed dental prostheses may be considered in certain

circumstances (e.g., small tooth-delimited edentulous spaces).

We suggest not to use resin-bonded fixed dental prostheses for large

tooth-delimited edentulous spaces.

Supporting literature (Montero et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—"/Grade O—$/Grade B—"
Strength of consensus Consensus (4.9% of the group abstained due to

potential CoI)

Background

Intervention

For tooth-supported fixed dental prostheses (tFDPs), see the back-

ground text of Recommendation R9.1.

In certain cases, for example, in small, tooth-delimited edentulous

spaces, minimally- or non-invasive resin-bonded fixed dental prosthe-

ses (FDPs) can be considered.

Available evidence

Number and design of included studies

Two case series (one prospective and one retrospective) evaluating

80 patients and 99 resin-bonded FDPs in mandibular anterior teeth.

Risk of bias

Both studies presented a high risk of bias according to the

Newcastle–Ottawa scale.

Effect sizes and their clinical relevance

No tooth loss was reported, but a high incidence of prostheses failure

(WMI = 27.4%, 95% CI [�6.7; 61.4]) was observed. Therefore, this

treatment option may be considered only in specific clinical scenarios

(e.g., missing single anterior teeth).

Consistency

No analysis of the consistency was possible based on the available

evidence.

Balance of benefit and harm

Even if prosthetic complications may be expected in resin-bonded

FDPs, most of the cases were solved with minor reparations. More-

over, it must be highlighted that teeth used as abutment were mini-

mally prepared.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

General satisfaction and aesthetics were evaluated in both studies

with high rates for both outcomes (over 8.5 of 10 in visual analogue

scales).

Feasibility

Resin-bonded FDPs are demanding in terms of professional compe-

tency and resources.

Ethical considerations

Not applicable.

Economic considerations

Resin-bonded FDPs may be a more affordable alternative to other

tooth-supported FDPs.

Legal considerations

Not applicable.
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R9.3. For question, see R9.1

PICOS question addressed by a SR

R9.3: Evidence-based recommendation

We suggest using implant-supported fixed dental prostheses when

abutment teeth are not periodontally maintainable and restorable.

Supporting literature (Carra et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—"
Strength of consensus Strong consensus (2.1% of the group abstained

due to potential CoI)

Background

Intervention

Rehabilitation with iFDP, in periodontitis stage IV partially edentulous

patients, with one or multiple tooth-delimited gaps, and abutment

teeth that are not periodontally maintainable and restorable.

For further detail, see the sections dealing with implant-supported

fixed dental prostheses in the background text for Recommendation R9.1.

R9.4. For question, see R9.1

PICOS question addressed by a SR

R9.4: Evidence-based recommendation

Metal-based frame removable dental prostheses may be considered as

transitional or definitive treatment options when a fixed solution is not

a consideration.

Supporting literature (Gotfredsen et al., 2021)

Quality of evidence Low

Grade of recommendation Grade O—$
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Patients diagnosed with stage IV periodontitis frequently require an

interim RDP to ensure chewing function by increasing the number of

occlusal units (antagonistic pairs in pre-molar and molar region) and/or

to replace anterior teeth for aesthetic reasons.

Steps 1 and 2 of periodontal therapy are accompanied by a reduction

in inflammation and swelling, which becomes frequently visible as gingival

recession, while tooth extractions lead to remodelling of the alveolar bone

associated with morphological tissue changes. In the light of this back-

ground, any interim RDP has to be designed with an occlusal rest on the

residual dentition to prevent the prosthesis from sinking into the mucosal

tissue and subsequent trauma to periodontal tissues and teeth. Before

taking the initial impression or intra-oral scan, the inter-maxillary situation

needs to be evaluated and teeth with a good prognosis are considered as

abutment teeth. Depending on the occlusal situation and the available

space, abutment teeth should be provided with a shallow occlusal rest

preparation. On the resulting situation model, which is used to fabricate

the interim RDP, teeth to be extracted are removed in plaster, and clasps

are manually bent. These clasps with occlusal rests ensure sufficient sta-

bility during the phase of tissue remodelling, after which relining of the

prosthesis basis or fabrication of a definitive RDP is frequently indicated.

After successful periodontal therapy and when post-extraction tissue

changes have occurred, the interim prosthesis can be replaced by a defini-

tive RDP. For retention of the RDP, 2–4 abutment teeth with good prog-

nosis and a wide spread (distributed anterior and posterior) are used. The

retention element is selected depending on the condition of the coronal

tooth substance, aesthetic demands and financial conditions:

• An intact, caries-free tooth is best provided with a clasp or an adhe-

sive attachment (Zitzmann et al., 2009). While a clasp abutment tooth

can have fillings of small extent, a tooth intended for an adhesive ele-

ment with an extra-coronal attachment should have sound enamel

surfaces to ensure adhesive cementation. These resin-bonded attach-

ments for precision-retained RPD are compatible with periodontal

health, ensure occlusal rests, require minimal tooth preparation and

provide very good aesthetics results. To ensure periodontal health,

clasps are designed with vertical support by an occlusal rest (ideally

located on sound tooth structure), and a stiff reciprocal part neutraliz-

ing lateral forces during prosthesis insertion and removal.

• Decayed teeth and those with extended fillings are better

restored with telescopes or crowns with clasps (Zitzmann et al., 2009).

• For abutment teeth with a destroyed clinical crown, root canal

treatment is frequently required and the root cap provided with a

post and a retentive element is the most appropriate solution to

retain the RDP (overdenture).

For further detail, see the sections dealing with RDP in the back-

ground text for Recommendation R9.1.

9.2 | Clinical recommendations for case type 3 with
unilateral or bilateral posterior free-end edentulism

R9.5. In patients with a periodontally compromised
dentition due to stage IV periodontitis or equivalent,
what is the efficacy of various prosthetic restorative
options for the rehabilitation of unilateral or bilateral
posterior free-end edentulism?

(Common question for Recommendations R9.5, R9.6, R9.7)

PICOS question addressed by a SR

R9.5: Evidence-based recommendation

For the rehabilitation of partially edentulous stage IV periodontitis

patients with free-end situations, different options (namely shortened

(Continues)
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(Continued)

PICOS question addressed by a SR

R9.5: Evidence-based recommendation

dental arch, implant-supported restorations or removable dental

prostheses) may be considered.

Supporting literature (Carra et al., 2021; Gotfredsen et al., 2021;

Montero et al., 2021)

Quality of evidence Low

Grade of recommendation Grade O—$
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

Interventions include planning towards a shortened dental arch,

implant-supported fixed dental prostheses (iFDPs) or RDPs, in peri-

odontitis stage IV patients with unilateral or bilateral posterior free-end

edentulism. See also the background text of Recommendation R9.1.

Available evidence

Number and design of included studies

For iFDPs, evidence is based on 7 prospective and 10 retrospective

studies, including accounting for 1718 implants placed in patients with

a history of periodontitis and 2879 implants placed in patients with

no history of periodontitis.

For the shortened dental arch, the evidence is based on seven

RCTs and five non-randomized studies (four prospective and one ret-

rospective), including from 10 to 79 patients per group at final exami-

nation, either having shortened dental arch or restored to shortened

dental arch; however, most of the publications included <50 patients/

RPDs per group. Publications report mostly on 1-year data (one study

presents 10-year results), in either periodontitis patients or mixed

periodontitis/non-periodontitis study populations.

For RDPs, evidence is based on 12 RCTs including from 19 to

79 patients/RDP per group at the final evaluation, six prospective

cohort studies including from 10 to 703 patients/RDP per group at the

final evaluation, and three retrospective studies, including from 15 to

25 patients/RPD per treatment group; however, most of the publica-

tions included <50 patients/RPD per group. Most studies reported on

Kennedy class I and II. The studies reported on 1 to 10-year results, with

several reporting on 5-year data, in either periodontitis patients or peri-

odontitis/non-periodontitis study populations.

Risk of bias

For iFDPs, 10/17 studies (58.8%) were considered at low risk of bias

(Newcastle–Ottawa scale). Funding sources and conflict of interest

declaration were not reported in the majority of studies.

For the shortened dental arch, five out of seven RCTs present

some concerns regarding risk of bias (RoB 2.0 tool), while among the

five non-randomized studies, one was judged of high risk, four were

judged of moderate risk, and only one was judged of low risk

(Newcastle–Ottawa scale).

For RDPs, in 10 out of 12 RCTs, some concerns regarding risk of

bias (RoB 2.0 tool) were found, while in the nine non-randomized

studies, two were judged of high risk, six were judged of moderate

risk, and only one was judged of low risk (Newcastle–Ottawa scale).

Funding sources and conflict of interest declaration were inconsis-

tently reported.

Effect sizes and their clinical relevance

For iFDPs, although the risk of peri-implantitis and implant loss is

greater in patients with a history of periodontitis, compared with

patients with no history of periodontitis, the overall mean implant

survival rate at a follow-up of at least 5 years is favourable

(94.7%, 95% CI [92.3–97.1]) and acceptable to counterbalance the

risks.

For the shortened dental arch, two studies show a lower risk for

tooth loss compared with patients with an RDP (odds ratio,

OR = 1.92; HR = 1.24), but it was not consistently significant. In a

few studies, the shortened dental arch is associated with significantly

lower plaque values and/or gingival inflammation compared with

RDPs, and less gingival recession, comparing to abutment teeth of

RDPs. A shortened dental arch does not necessarily imply lower mas-

ticatory efficiency, including nutritional status, or worse OHRQoL

compared with patients with RDPs.

For RDPs, abutment tooth failure rates of 9%–48% have been

reported in two studies comparing different types of RDPs, but these

were not possible to attribute to specific Kennedy class and the differ-

ences were not significant. Two studies show a higher risk for tooth

loss in patients with an RDP compared with no treatment (OR = 1.92;

HR = 1.24), but it was not consistently significant. In a few studies,

RDPs are associated with significantly more plaque values and/or gin-

gival inflammation, and more recession at abutment teeth with clasps,

but not necessarily with more significant other periodontal problems.

RDPs do not necessarily increase masticatory efficiency, including

nutritional status, or improved OHRQoL compared with a short

dental arch.

Consistency

For iFDPs, sensitivity analysis indicated consistency.

For the shortened dental arch, no analysis was possible.

For RDPs, no analysis was possible.

Balance of benefit and harm

Specific analyses on the benefit/risk ratios comparing different

options for the rehabilitation of unilateral or bilateral posterior free-

end edentulism were not the focus of the SRs.

For iFDPs, potential harms related to surgery (e.g., intra- and

post-operative complications) and peri-implant health maintenance
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(e.g., higher risk of peri-implantitis and implant loss over time) should

be considered.

Preserving- or restoring to a shortened dental arch, does not nec-

essarily cause further periodontal breakdown or tooth loss, but is also

not necessarily associated with reduced masticatory efficiency or

nutritional status, or reduced OHRQoL.

RDPs do not necessarily cause further periodontal breakdown

or tooth loss but are also not necessarily associated with increased

masticatory efficiency, including nutritional status, or improve

OHRQoL.

Overall certainty of the evidence

For iFDP, the certainty of evidence is moderate.

For the shortened dental arch, the certainty of evidence is low.

For RDPs, the certainty of evidence is low.

From evidence to recommendation—additional
considerations

Acceptability

iFDPs are acceptable, and a widespread option for rehabilitation of

partial edentulism in patients with periodontitis. Little is known about

patients' preferences and satisfaction.

No restorative treatment or restoring to a shortened dental

arch intervention is an acceptable treatment option associated with

little risks. Little is known about patients' preferences and

satisfaction.

RDPs are acceptable and a widespread option for rehabilitation

of partial edentulism in patients with periodontitis. Little is known

about patients' preferences and satisfaction.

Feasibility

iFDPs are demanding in terms of professional competency and

resources.

Restoring to a shortened dental arch may not be a very demand-

ing treatment option.

RDPs are less demanding comparing to tooth- or implant-

supported fixed dental prostheses.

Ethical considerations

Not applicable.

Economic considerations

iFDPs imply additional costs that are not covered by healthcare sys-

tems in most countries and may be source of inequality.

No restorative treatment or restoring to a shortened dental arch

may be the most economical solution.

RDPs are more economical comparing to tooth- or implant-

supported fixed dental prostheses and often covered (at least par-

tially) from most healthcare systems.

Legal considerations

Not applicable.

R9.6. For question, see R9.5

PICOS question addressed by a SR

R9.6: Evidence-based recommendation

In stage IV periodontitis patients with a shortened dental arch with

sufficient occluding/masticatory units (e.g., from second pre-molar to

second pre-molar, no evident risk for flaring or tooth elongation and

adequate patient comfort) no tooth replacement may be considered in

the free-end situation.

Supporting literature (Kayser, 1981; Walter et al., 2018; Walter

et al., 2020; Gotfredsen et al., 2021)

Quality of evidence Low

Grade of recommendation Grade O—$
Strength of consensus Simple majority (0% of the group abstained due

to potential CoI)

Background

Intervention

No restorative treatment in situations with sufficient occluding/

masticatory units. See the background text for Recommendation R9.5.

R9.7. For question, see R9.5

PICOS question addressed by a SR

R9.7: Evidence-based recommendation

In stage IV periodontitis patients with free-end situations who require

additional occluding units, we suggest implant-supported fixed dental

prostheses.

When implants are not an option, we suggest removable dental

prostheses with a metal-based framework.

Supporting literature (Carra et al., 2021; Gotfredsen et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—"/Grade B—"
Strength of consensus Strong consensus (1.9% of the group abstained

due to potential CoI)

Background

Intervention

Interventions include implant-supported fixed dental prostheses or

RDPs with a metal-based framework, to restore free-end partial

edentulism in periodontitis stage IV patients. See the background text

of Recommendation R9.1 for information on implant-supported fixed

dental prostheses, and the background text of Recommendation R9.5

for information on RDPs, respectively.
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10 | CLINICAL RECOMMENDATIONS:
CASE TYPE 4

Case type 4: partially edentulous patients who need to
be restored with full-arch rehabilitation, either tooth-
or implant-retained.

R10.1. In patients with a compromised dentition due
to stage IV periodontitis with a sufficient number of
adequately distributed teeth, what is the
performance of tooth-supported full-arch fixed
prostheses?

PICOS question addressed by a SR

R10.1: Evidence-based recommendation

In patients with periodontitis stage IV with a sufficient number (≥4

abutment teeth) of periodontally maintainable, bilaterally

distributed and restorable teeth in the maxilla and/or

mandible, we suggest a tooth-supported full-arch fixed dental

prosthesis.

Supporting literature (Montero et al., 2021; Tomasi et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—"
Strength of consensus Consensus (1.6% of the group abstained due to

potential CoI)

Background

Intervention

Tooth-supported full-arch fixed prostheses were used to restore func-

tion and aesthetics. The treatment strategy commonly included the

use of a fixed interim restoration during the early steps of periodontal

therapy.

Available evidence

Number and design of included studies

Seven studies (n = 522 patients), with a weighted mean follow-up

period of 8.6 years, were included. All studies were of observational

and retrospective design and outcome measures included tooth loss,

loss of restoration and occurrence of technical complications. Biologi-

cal complications, PROMs, health-economic parameters and adverse

events were not consistently reported.

Risk of bias

All included studies were judged to have a high risk of bias, mainly

due to confounding and outcome assessment.

Effect sizes and their clinical relevance

Based on three studies (n = 165 patients), tooth loss over a period of

12.7 years was estimated at 4.9% (95% CI [2; 14]). Based on four

studies (n = 415 patients), loss of restoration over an observation

period of 9.7 years was estimated at 4.6% (95% CI [2; 14]). During an

observation period of 7.2 years in three studies (n = 365 patients),

the overall occurrence of technical complications at the restoration

level was 8.0% (95% CI [6; 11]).

Consistency

Results were consistent across studies. The evidence considered has

been generated by a small group of investigators and external applica-

bility is unclear.

Balance of benefit and harm

High survival rates and low incidence of complications were observed.

PROMs were not considered in the available studies. A tooth-supported

fixed restoration may not address some functional and/or aesthetic

needs in specific patients (e.g., when in need for facial tissue and lip sup-

port, or in cases of soft tissue deficiencies or long abutment teeth).

Overall certainty of the evidence

The certainty of evidence is graded as low based on the observational,

retrospective design of studies and the high risk of bias.

From evidence to recommendation—additional
considerations

Acceptability

PROMs were not reported in the identified studies (Tomasi et al., 2021).

Data summarized by Montero et al. (2021) on tooth-supported fixed par-

tial and full-arch prostheses suggest a high rate of patient satisfaction.

Feasibility

Related procedures are clinically and technically demanding.

Ethical considerations

Not applicable.

Economic considerations

Health-economic parameters were not evaluated in the identified

studies. Different restorative materials and technical approaches may

increase affordability. Due to the complexity of execution and cost of

tooth-supported full-arch fixed prostheses, some patients may elect

to proceed with palliative care consisting of a transitional denture

retained by few residual teeth or a full denture.

Legal considerations

Not applicable.
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R10.2. In patients with a compromised dentition due
to stage IV periodontitis, what is the performance of
tooth-supported full-arch removable prostheses?

PICOS question addressed by a SR

R10.2: Evidence-based recommendation

In periodontitis stage IV patients with an insufficient number/distribution

of periodontally maintainable teeth to support a tooth-supported full-

arch fixed dental prosthesis, a tooth-supported full-arch removable

dental prosthesis (overdenture) may be considered.

Supporting literature (Donos et al., 2021)

Quality of evidence Very low

Grade of recommendation Grade O—$
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

In patients with an insufficient number and/or distribution of peri-

odontally maintainable teeth to support a full-arch fixed prosthesis in

the maxilla/mandible, clinicians may consider a tooth-supported

removable full-arch prosthesis (TSRP). TSRP can be performed

through different retention/attachment systems (e.g., ball-cap, mag-

netic) and the abutment teeth may or may not be splinted.

Available evidence

Number and design of included studies

Twenty-two studies (10 prospective and 12 retrospective studies) were

included reporting on 4579 abutment teeth and 1660 TSRPs. The pro-

spective studies had a weighted mean follow-up of 36.9 months for

tooth survival and 86.5 months for prosthesis survival, while the retro-

spective studies had a weighted mean follow-up of 83.3 months for

tooth survival and 75.2 months for prosthesis survival. Outcome mea-

sures included tooth loss and loss of restoration. Occurrence of techni-

cal and biological complications as well as PROMs and health-economic

parameters and adverse events were not consistently reported.

Risk of bias

All included studies were judged to present with a high risk

of bias.

Effect sizes and their clinical relevance

The prospective studies suggested a tooth survival rate (tooth level)

ranging from 86% to 100% over a weighted mean follow-up of

36.9 months. The retrospective studies showed a range of survival

from 34% to 94% at tooth level (weighted mean follow-up

83.3 months) and from 38% to 100% at prosthesis level (weighted

mean follow-up 75.2 months).

Consistency

Treatment strategies varied across studies and sensitivity analyses

were not feasible. The evidence considered has been generated by a

small group of investigators and external validity is unclear.

Balance of benefit and harm

The evidence suggests heterogeneous outcomes in terms of prosthe-

sis and tooth survival. The lack of information on complications should

be considered.

Overall certainty of the evidence

The certainty of evidence is graded as very low based on study design,

heterogeneous outcomes and high risk of bias.

From evidence to recommendation—additional
considerations

Acceptability

PROMs were reported in nine of the included studies. The tools used to

assess PROMs were not validated and inconsistent across studies.

Feasibility

Related procedures are clinically and technically demanding.

Ethical considerations

The preservation of abutment teeth might offer a psychological bene-

fit for patients who are transitioning to edentulism.

Economic considerations

Health-economic parameters were not evaluated in the identified stud-

ies. TSRPs entail costs related to periodontal and prosthetic treatment.

Legal considerations

Not applicable.

R10.3. In patients with a compromised dentition due
to stage IV periodontitis in whom tooth preservation
was deemed impossible, what is the performance of
implant-supported full-arch fixed prostheses?

PICOS question addressed by a SR

R10.3: Evidence-based recommendation

In periodontitis stage IV patients in whom tooth preservation was

deemed impossible, and a sufficient number (≥4) of bilaterally

distributed and adequately sized dental implants are planned in the

maxilla and/or mandible, we suggest an implant-supported full-arch

fixed dental prosthesis.

(Continues)

44 HERRERA ET AL.



(Continued)

PICOS question addressed by a SR

R10.3: Evidence-based recommendation

Supporting literature (Ramanauskaite et al., 2021; Tomasi et al., 2021)

Quality of evidence Low

Grade of recommendation Grade B—"
Strength of consensus Consensus (33.3% of the group abstained due

to potential CoI)

Background

Intervention

Implant-supported full-arch fixed prostheses were used to restore

function and aesthetics on ≥4 implants in the same jaw. Prosthetic

restorations were predominantly screw-retained and installation pro-

tocols, that is, immediate versus delayed implant installation, varied

across studies.

Available evidence

Number and design of included studies

Nineteen studies (n = 1189 patients) with a weighted mean follow-up

period of 3.6 years were included. The majority of studies were obser-

vational and designed as prospective case series. Consistently reported

outcome measures included loss of implants, loss of restorations and

occurrence of technical and biological complications. Data on PROMs

and health-economic parameters were not consistently reported.

Risk of bias

All included studies were judged to present with a high risk of bias,

mainly due to confounding and outcome assessment.

Effect sizes and their clinical relevance

Based on 15 studies (n = 670 patients), implant loss over an observa-

tion period of 3.9 years was estimated at 3.5% (95% CI [2; 7]). Loss of

restorations, as reported in nine studies (n = 766 patients), was esti-

mated to be 4.6% (95% CI [1; 18]) during an observation period of

3.2 years. Over a follow-up period of 2.6 years (9 studies, 723 patients),

technical complications affected 41.7% (95% CI [25; 68]) of all restora-

tions. Biological complications were evaluated in 12 studies (n = 984

patients), covering a time period of 3.1 years and 8.5% (95% CI [5; 13])

of all implants developed at least one biological complication.

Consistency

Results were consistent across studies. The evidence considered has

been generated by a small group of investigators and external applica-

bility is unclear.

Balance of benefit and harm

High survival rates of restorations and implants were observed. The

high rate of technical complications over short observation periods

should be considered, as should be the limited information on PROMs.

An implant-supported fixed restoration may not address some func-

tional and/or aesthetic needs in specific patients (e.g., when in need for

facial tissue and lip support, or in cases of soft tissue deficiencies).

Overall certainty of the evidence

The certainty of evidence is graded as low based on study design and

limited follow-up periods.

From evidence to recommendation—additional
considerations

Acceptability

PROMs were reported in two studies (n = 22 patients), indicating a

high level of patient satisfaction.

Feasibility

Related procedures are demanding in terms of professional compe-

tence and resources.

Ethical considerations

Not applicable.

Economic considerations

Health-economic parameters were evaluated in one (n = 56 patients)

of the identified studies.

Legal considerations

Not applicable.

R10.4. In patients with a compromised dentition due
to stage IV periodontitis in whom tooth preservation
was deemed impossible, what is the performance of
implant-supported full-arch removable prostheses?

PICOS question addressed by a SR

R10.4: Evidence-based recommendation

In periodontitis stage IV patients in whom tooth preservation was

deemed impossible and adequately sized dental implants can be used,

albeit not in sufficient number and/or adequate position to support a

full-arch fixed dental prosthesis, an implant-supported full-arch

removable dental prosthesis (overdenture) may be considered.

Supporting literature (Donos et al., 2021; Ramanauskaite et al., 2021)

Quality of evidence Very low

Grade of recommendation Grade O—$
Strength of consensus Strong consensus (37.0% of the group abstained

due to potential CoI)

HERRERA ET AL. 45



Background

Intervention

In edentulous patients in whom the insertion of a sufficient number (≥4)

of bilaterally distributed and adequately sized (in terms of length and

width, i.e., implant sizes providing adequate bone to implant contact to

support the functional load) dental implants is not feasible, clinicians

may consider an implant-supported removable prosthesis (ISRP). ISRPs

can be supported/retained by a number of different attachment sys-

tems. The most commonly used systems include stud, bar, magnetic and

telescopic attachments. Implants may or may not be splinted.

Available evidence

Number and design of included studies

Five studies (n = 136 patients) with a weighted mean follow-up

period of 3.3 years were included. Four studies were of prospective

and one of retrospective design. All studies were observational and

used conventional loading protocols. The consistently reported out-

come measures included survival of ISRPs and implants. Data on tech-

nical and biological complications, PROMs and health-economic

parameters were not (consistently) reported.

Risk of bias

All studies had a high or critical risk of bias, thus raising concerns on

the possibility of drawing robust conclusions.

Effect sizes and their clinical relevance

Prosthesis survival during the weighted mean follow-up period

of 3.3 years was 100% and implant survival ranged from 96% to 100%.

Consistency

Due to the limited number of studies, sensitivity analyses were not

feasible. Treatment strategies varied considerably across studies.

Balance of benefit and harm

The evidence suggests favourable outcomes in terms of prostheses

and implant survival. The lack of information on complications and

PROMs as well as the short follow-up should be considered.

Overall certainty of the evidence

The certainty of evidence is graded as very low based on study design

and high risk of bias.

From evidence to recommendation—additional
considerations

Acceptability

PROMs were reported in two of the included studies. The tools used to

assess PROMs were not validated and inconsistent across studies.

Feasibility

ISRP-related procedures are clinically and technically demanding.

Ethical considerations

Not applicable.

Economic considerations

Health-economic parameters were not evaluated in the identified

studies. ISRPs entail costs related to surgical and prosthetic

treatment.

Legal considerations

Not applicable.

11 | LONG-TERM OUTCOMES OF
TREATMENT IN STAGE IV PERIODONTITIS
PATIENTS

11.1 | Intervention: professionally administered
supportive periodontal care

The systematic review (Leow et al., 2021) assessed the role of profes-

sionally administered supportive periodontal care (SPC) in preventing

tooth loss, periodontitis progression (clinical attachment loss, CAL)

and associated health outcomes in patients with periodontitis who

had completed active periodontal treatment.

The role of SPC is highly relevant to patients with all stages of

periodontitis. In the systematic review (Leow et al., 2021), it was not

possible to identify studies focussed on stage IV periodontitis and the

findings are therefore relevant to all stages of disease.

Five components or combinations thereof contribute to SPC

interventions:

1. Interview: periodontal health symptoms, medical and social his-

tory, risk factors including tobacco use, stress, diabetes and

reported plaque control regime;

2. Assessment: plaque and calculus deposits, periodontal health sta-

tus, including inflammation, PPDs and bleeding pockets;

3. Evaluation: intervention needs including risk factor management,

oral hygiene and re-treatment;

4. Practical Intervention: oral hygiene coaching, instrumentation of

supra- and sub-gingival plaque and calculus, treatment of sites with

recurrence (finding of periodontitis at a previously healthy/stable

site) or residual periodontitis (a deep periodontal pocket remains

despite active therapy);

5. Planning: interval before next SPC visit. The control was no or

irregular SPC, defined as greater than a frequency of 3-monthly.

Specialist and non-specialist settings were considered, and protocols

included adjunctive therapies.

The primary outcome was tooth loss. Secondary outcomes

included one site with CAL loss ≥2 mm, number of sites with PPDs
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≥5 mm with BOP; number of sites requiring re-treatment; OHRQoL

questionnaires; care cost analysis; other patient-reported outcomes.

Studies of 5–10 years follow-up (n = 17), over 10-years (n = 7)

and 20 years (n = 2) were included. Nine studies addressed 12-month

follow-up of treatment of recurrence, but high heterogeneity

prevented conclusions on different treatment methods.

11.2 | Is regular, professionally administered, SPC
effective in preventing tooth loss or disease
recurrence in the longer term?

R11.1. Does regular SPC reduce tooth loss?

PICOS question addressed by a SR

R11.1: Evidence-based recommendation (1), Expert consensus-based
recommendation (2)

1. We recommend provision of and adherence to regular professionally

administered supportive periodontal care (SPC) to reduce tooth loss in

the long term (≥5 years).

2. We recommend that SPC should initially be provided at 3-monthly

intervals. Medium to long-term frequency should be personalized to

each individual patient, taking into account clinical and behavioural

circumstances.

Supporting literature (Leow et al., 2021)

Quality of evidence Moderate

For tooth loss: Seventeen prospective cohorts judged as “low” risk of

bias except one study with a “moderate” risk using the Newcastle–
Ottawa scale.

For CAL loss ≥2 mm: Seven prospective cohorts whereby all were

judged as “low” risk of bias.

Grade of recommendation Grade A—"" (1); Grade A—"" (2)

Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

SPC includes preventative and/or therapeutic interventions for periodonti-

tis patients who have been successfully treated for periodontitis. The goals

of SPC are to maintain periodontal stability, by preventing disease recur-

rence or progression and ultimately to prevent tooth loss. Adherence to

professionally administered SPC at regular time intervals allows ongoing

monitoring of periodontal status, practical interventions (as required) and

formulation of individually tailored SPC time intervals based on patient risk.

Available evidence

Number and design of included studies

Twenty-four prospective cohort studies. The primary outcome of the

systematic review (Leow et al., 2021) was tooth loss. The secondary out-

come to inform on disease recurrence/progressionwas CAL loss ≥2 mm.

Tooth loss: 17 studies reported tooth loss and eight of these

studies were included in the meta-analysis, contributing to tooth loss

at a patient level (192 participants). The remaining nine studies were

reported qualitatively.

Clinical attachment level loss ≥2 mm: seven studies reported on

CAL loss ≥2 mm. Three studies contributed data to the meta-analysis

for estimating the number of patients experiencing CAL loss ≥2 mm

(86 participants), while the remaining four studies were reported

qualitatively.

Risk of bias

Study quality assessment using the Newcastle–Ottawa scale, identi-

fied low risk of bias for all but two studies, which had a moderate risk

of bias.

Effect sizes and their clinical relevance

“Regular” SPC was defined as 3-monthly, while a lack of adherence to

or no SPC was described as “irregular”.
Tooth loss: the mean proportion of patients who experienced tooth

loss was 9.6% (95% CI [5; 14]) with low heterogeneity I2 = 28%

(p = .161); 8% (95% CI [2; 14]) of regular attendees experienced tooth

loss compared with 11.9% (95% CI [5; 19]) of irregular attendees. The

difference between sub-groups was, however, not statistically signifi-

cant (p = .161). A greater length of follow-up (≥10 years) was associated

with an increased experience of tooth loss of 12.7% (95% CI [4; 22])

compared with 8.2% (95% CI [3; 13]) for 5–10 years follow-up.

Clinical attachment level loss ≥2 mm: the mean proportion of

patients who experienced overall CAL loss ≥2 mm was 24.8% (95% CI

[11; 38]) with substantial heterogeneity I2 = 63% (p = .013); 30.2%

(95% CI [�2; �63]) of patients who attended regular SPC appoint-

ments experienced CAL loss ≥2 mm, compared with 21.4% (95% CI

[10; 33]) of those who attended irregularly. The difference between

subgroups was not statistically significant (p = .332). The unexpected

result indicating that regular SPC may lead to a greater experience of

CAL loss ≥2 mm is imprecise (large confidence interval). A greater

length of follow-up (≥10 years) was associated with a slight increase

in CAL loss ≥2 mm of 26.3% (95% CI [8; 45]) compared with 22.1%

(95% CI [5; 39]) for 5–10 years follow-up.

Consistency

Heterogeneity across studies was identified for both tooth loss

[I2 = 28% (p = .161)] and CAL loss ≥2 mm [I2 = 63% (p = .013)]. This

may be explained by the limited number of studies fulfilling the inclu-

sion criteria of the systematic review and/or the type of therapy car-

ried out in the active periodontal treatment phase (regenerative or

non-regenerative). Studies differed in terms of a large variety of fac-

tors/steps related to an SPC appointment and frequently did not

report the operator(s) performing each visit.

Balance of benefit and harm

Few studies reported adverse events. An overall consideration of the

benefit versus harm of regular SPC supports the strength of the

recommendation.
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Overall certainty of the evidence

Moderate.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in relation to SPC. How-

ever, SPC has been recommended for oral healthcare for several

decades.

Feasibility

Little is known about implementation. SPC is a routinely provided

intervention in a number of healthcare systems, although the regular-

ity of visits (3–4 times per year) may be a barrier for some patients

(financial and logistical).

Ethical considerations

No evaluation of equity or access to SPC has been conducted. How-

ever, utilization of dental services is unequally distributed, and there-

fore, it is reasonable to assume the same would be the case for SPC.

Identifying barriers to and facilitators of SPC, and using this informa-

tion to enhance access would seem to be a priority.

Economic considerations

Limited evidence exists on the cost-effectiveness of SPC. SPC deliv-

ered in specialist care when compared with general dental practice

may result in less CAL loss and higher tooth survival rates, but at a

greater financial cost (Gaunt et al., 2008). Economic modelling indi-

cates SPC is cost-effective in developed economies (Pennington

et al., 2011).

Legal considerations

Not applicable.

R11.2. Does residual probing pocket depth, following
active periodontal treatment, affect disease
recurrence during SPC?

PICOS question addressed by a SR

R11.2: Evidence-based statement

In patients with periodontitis, the presence of residual probing pocket

depths (≥5 mm) following active therapy increases the risk of disease

recurrence/progression, even though the patient is enrolled in SPC.

Supporting literature (Leow et al., 2021)

Quality of evidence Moderate

Two studies, which were a prospective cohort and a controlled clinical

trial, with risk of bias designated as “low” and “serious”,
respectively.

Grade of recommendation Statement: unclear, additional research needed

Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

The goals of SPC are to maintain periodontal stability (BOP in <10%

of sites; shallow PPDs of 4 mm or less, and no 4 mm sites with BOP)

(Chapple et al., 2018), by preventing disease recurrence or progres-

sion and ultimately to prevent tooth loss. Ideally, patients enter SPC

with periodontal stability; however, in some situations, the strict defi-

nition in the 2018 Classification of stability/health following peri-

odontal treatment is not always achieved. Residual periodontal

probing depths (PPDs) ≥4 mm with BOP are likely to be unstable and

pose a risk for disease progression.

Available evidence

Number and design of included studies

Two studies addressing disease recurrence (CAL loss ≥2 mm) during SPC

were included, one controlled clinical trial and one prospective cohort.

Risk of bias

Study quality assessment using the Robins-I tool showed a “serious”
risk of bias and “low” risk using the Newcastle–Ottawa scale.

Effect sizes and their clinical relevance

Based on one controlled clinical trial (Jenkins et al., 2000),

patients with residual PPD ≥6 mm after active periodontal ther-

apy demonstrated disease recurrence (CAL loss ≥2 mm) in the

range of 20.5%–28.6% of sites over 12 months follow-up. In con-

trast, shallower residual PPD (4.0–5.9 mm) showed disease recur-

rence in the range of 11.6%–11.8%. No statistically significant

difference between groups was found with regard to the modal-

ity of treatment during SPC (coronal scaling vs. subgingival

instrumentation).

The prospective cohort study (Cortellini et al., 2017) reported the

highest rate of disease recurrence at sites PPD ≥5 mm (compared with

PPD <5 mm) over a 20-year period. Regression analysis showed that

residual PPD significantly correlated with disease recurrence

(p = .0024, R2 = 0.31, root mean square error = 0.75).

Consistency

Studies were heterogeneous in design and reporting of outcomes. All

studies describe increased disease recurrence with increasing residual

PPD after active periodontal therapy.

Balance of benefit and harm

One study reported adverse events following subgingival instrumenta-

tion of residual pockets. These were, however, not deemed to be seri-

ous. An overall consideration of the benefit versus harm of achieving

periodontal stability (no residual deepened PPDs), following active

periodontal therapy, in order to reduce the risk of disease recurrence

supports the strength of the statement.
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Overall certainty of the evidence

Moderate.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in relation to periodontal

stability at the completion of active periodontal therapy. Dental pro-

fessionals have a strong preference for PPD ≤4 mm without BOP

after completion of periodontal therapy.

Feasibility

Little is known about implementation. Direct and indirect costs of

reaching periodontal stability at completion of SPC may be a barrier

for some patients.

Ethical and legal considerations

Not applicable.

Economic considerations

Limited evidence exits on direct/indirect costs of the treatment of dis-

ease recurrence during SPC. Clearly, disparities exist between coun-

tries, healthcare systems and the modality of treatment chosen to

treat the recurrence.

R11.3. Should recall intervals for SPC be guided by
patients' risk status?

Additional question raised by the WG

R11.3: Expert consensus-based recommendation

We recommend that recall intervals for supportive periodontal care (SPC)

should be guided by patients' risk profile as determined by individual

risk factors (e.g., smoking, hyperglycaemia) and disease-associated

clinical measures (such as pocket depths and bleeding on probing).

Supporting literature (Rosling et al., 2001; Matuliene et al., 2008; Lang

et al., 2015; Trombelli et al., 2015; Trombelli et al., 2017; Trombelli

et al., 2020) and Expert opinion.

Quality of evidence Not applicable

Grade of recommendation Grade A—""
Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

A patient's previous experience of periodontitis is a strong predictor

of future disease activity in the absence or presence of periodontal

treatment (Machtei et al., 1993; Martin et al., 2009). Regular SPC is

associated with reductions in tooth loss relative to irregular SPC

(Saminsky et al., 2015). Risk factor control is an important element of

the first step of therapy in the treatment of periodontitis (Ramseier

et al., 2020; Sanz, Herrera, et al., 2020). It is important in an era of

personalized dental medicine to determine whether frequency of SPC

should be tailored according to a patient's risk profile. Patient risk pro-

file can be estimated through different validated patient risk assess-

ment tools, such as the Periodontal Risk Assessment tool (PRA)

(Lang & Tonetti, 2003), the Periodontal Risk Calculator (PRC) and

DenPlan/PreViser Patient Assessment tool (Page et al., 2003), Peri-

oRisk (Trombelli et al., 2017). Patient risk profile can also be expressed

through the “Grade” system (Tonetti et al., 2018).

Available evidence

Number and design of included studies

In the systematic review (Leow et al., 2021), none of the studies

that were included addressed risk factor control in SPC. No detail of

factors that influenced the frequency of the recall interval was

given. One 12-year prospective cohort study (Rosling et al., 2001)

evaluated disease progression in normal and high susceptibility

patients during 12 years of SPC, where SPC frequency was deter-

mined by risk/susceptibility categorization at the end of active peri-

odontal therapy.

Risk of bias

Not applicable.

Effect sizes and their clinical relevance

No included studies documented details on how risk factor control

might have influenced recall intervals in SPC. Only one study

(Rosling et al., 2001) included in the systematic review (Leow

et al., 2021) investigated risk profiles in association with tooth loss,

and suggested that tailoring frequency of SPC to risk profiles may

prevent tooth loss in cohorts with different susceptibilities to peri-

odontitis. Substantial evidence for the validity of different risk

assessment tools based on individual risk factors (e.g., smoking,

hyperglycaemia) and disease-associated clinical markers (such as

pocket depths and BOP) to predict tooth loss has been presented

(Lang & Tonetti, 2003; Page et al., 2003; Matuliene et al., 2008;

Martin et al., 2009; Martin et al., 2010; Trombelli et al., 2017;

Ramseier et al., 2019). Such tools may be used to inform the fre-

quency of SPC recalls (Lang et al., 2015; Trombelli et al., 2020). Ini-

tial evidence suggests that “Grading” (Tonetti et al., 2018) may be

able to predict tooth loss (Ravida et al., 2020; Al-Harthi et al., 2021;

Saleh et al., 2021) and may be used to set SPC frequency recalls,

although more evidence is needed.

Consistency

Not applicable.
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Balance of benefit and harm

Evidence suggests that the frequency of recall intervals for SPC may be

set according to a patient's risk status, with high-risk individuals benefit-

ting from 3-monthly SPC and lower-risk patients remaining largely sta-

ble with a frequency of 6–12 months. An overall consideration of the

benefit versus harm of risk factor control to influence recall intervals of

SPC supports the strength of the statement.

Overall certainty of the evidence

Not applicable.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patients' preferences in relation to frequency of

recall visits. Oral healthcare professionals are increasingly collaborating

with other healthcare providers and health authorities to raise aware-

ness of and manage risk factors for the treatment of periodontitis.

Feasibility

Little is known about the implementation of risk-driven recall intervals

for SPC; however, experience of oral healthcare professionals suggests

that 3-monthly SPC intervals are feasible and acceptable to patients at

high risk of recurrence of periodontitis and associated tooth loss.

Ethical considerations

It would seem appropriate to recommend more regular (3–4 monthly)

SPC visits for those with a higher grade/risk of periodontitis than

those with a lower grade/risk.

Economic considerations

Some barriers may exist for patients at high risk due to the need for

more frequent recall visits and the associated costs. This is likely to

increase health inequalities in countries with no or limited public

healthcare funding for periodontitis.

Legal considerations

Not applicable.

R11.4. What are the important components to
consider when designing a successful SPC
programme?

Additional question raised by the WG

R11.4: Expert consensus-based recommendation

We recommend a number of important components when designing an

SPC programme, including:

a. Specific interventions include interview, assessment, evaluation,

practical intervention and planning (see introduction).

(Continues)

(Continued)

Additional question raised by the WG

R11.4: Expert consensus-based recommendation

b. Delivery by a variety of oral healthcare professionals, under the

supervision of a suitably trained general dentist or a specialist, as

appropriate to case complexity.

c. Clear two-way communication between the oral healthcare team and

the patient, and between healthcare professionals (medical or dental).

Supporting literature Expert Opinion.

Quality of evidence Not applicable

Grade of recommendation Grade A—""
Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

SPC is the fourth step of therapy (Sanz, Herrera, et al., 2020). It is a com-

plex intervention that elicits key questions relevant to both oral

healthcare providers and patients and is crucial to the long-term stability

of the periodontium. Important aspects of SPC are documented below:

(a) Specific interventions to include in an SPC programme.

In designing an SPC programme, it is important to regularly con-

sider a number of components which include:

• Interview: elicit information on periodontal health symptoms, med-

ical and social history, risk factors including tobacco use, stress,

diabetes and reported plaque control regime, patient motivation

towards continuous risk factor control and PMPR/subgingival

instrumentation;

• Assessment: plaque and calculus deposits, periodontal health

including inflammation, PPDs, and bleeding pockets;

• Evaluation: of intervention needs, including risk factor manage-

ment, oral hygiene and re-treatment;

• Communicating: findings to patients to enhance their

ownership of periodontal health and agreement on required

interventions

• Practical Intervention: oral hygiene coaching, instrumentation of

supra- and sub-gingival plaque and calculus, treatment of sites with

recurrence or residual periodontitis.

• Planning: interval before next SPC visit.

(b) The specific oral healthcare professional that undertakes/

oversees the SPC programme.

A variety of qualified and trained oral healthcare professionals

can carry out the components of an SPC programme. Nine prospec-

tive cohort studies included in the systematic review (Leow

et al., 2021) utilized undergraduate dental students, dental hygienists

and periodontists.

The SPC programme should be overseen by a suitably

qualified and trained general dentist or specialist. Effective
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communication is essential should the operator carrying out the com-

ponents of the SPC programme differ from the person overseeing the

SPC programme.

(c) Key communication steps to undertake for long-term patient

benefit?

• Oral healthcare professionals and the patient: communication

between oral healthcare professionals delivering the SPC pro-

gramme and the patient is crucial at each visit. The patient should

have a clear understanding of his/her periodontal status, treatment

needs (if any) and the recommended home-care regime.

• Communication between healthcare professionals: the person

overseeing the SPC programme may be different to that delivering

the components of an SPC programme. Clear and transparent com-

munication between these oral healthcare professionals should

occur at each recall visit. Importantly, a number of healthcare pro-

fessionals may be involved with a patient's care, particularly with

regard to medical health and/or risk factor management. In order

to work synergistically for long-term patient benefit, the person

overseeing the SPC programme should initiate and maintain

communications.

• Oral healthcare professional overseeing the SPC programme and

the patient: the person overseeing the SPC programme should

communicate with the patient on a regular basis. Patients should

be actively engaged in the decision-making process regarding long-

term care.

Available evidence

Number and design of included studies

None of the studies included addressed specific components that

should be included in an SPC programme, who should undertake or

oversee the SPC programme nor which key communications steps

should be undertaken for long-term patient benefit.

Risk of bias, effect sizes and their clinical relevance, consistency,

balance of benefit and harm

Not applicable.

Overall certainty of the evidence

Not applicable.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences with regard to design and

delivery of SPC programmes. Clear and transparent communication

between healthcare professionals and with the patient is essential for

long-term patient benefit.

Feasibility, ethical, economic, legal considerations

Not applicable.

R11.5. What is the best approach, when treating the
recurrence of periodontitis during SPC to reduce tooth
loss and/or influence other outcomes (e.g., measures
of periodontal health, quality of life, cost and
accessibility of care and harms)?

PICOS question addressed by a SR

R11.5: Evidence-based recommendation

We suggest not to use adjunctive approaches to subgingival

instrumentation when treating recurrence of periodontitis during

supportive periodontal care.

Supporting literature (Leow et al., 2021)

Quality of evidence Moderate

Nine studies (seven randomized controlled trials, one controlled

clinical trial and one prospective cohort) with ≥12 months follow-

up. Risk of bias—6 “of some concern”, 1 “high”, 2 “serious”.

Grade of recommendation Grade B—#
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Periodontitis may become unstable during long-term SPC and may

present as disease recurrence, occurrence or progression.

• Recurrence refers to a finding of periodontitis at a site that was

rendered periodontally healthy/stable through active treatment;

• Occurrence refers to a diseased site arising within a periodontitis

patient that did not previously exhibit signs of disease;

• Progression is characterized by deterioration (e.g., clinical attach-

ment loss) at a site that exhibited residual disease despite active

treatment.

It may be challenging to distinguish between these, particularly if the

SPC programme has not been continuously delivered in a single dental

practice/office setting. Sites with PPDs ≥ 4 mm and BOP require fur-

ther treatment in order to reduce the risk of further deterioration

and/or tooth loss.

Available evidence

Number and design of included studies

Nine studies, with ≥12 months follow-up, were included. Seven stud-

ies were RCTs, one study was a controlled clinical trial and one study

was a prospective cohort.
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Tooth loss: two studies (one RCT and one prospective cohort)

reported on tooth loss. These studies were reported qualitatively.

CAL loss ≥2 mm: two studies reported on CAL loss ≥2 mm (one

RCT and one controlled clinical trial) and were included in the qualita-

tive analysis.

Pockets of ≥5 mm with BOP: no studies reported on the number

of PPD ≥5 mm with bleeding on probing during SPC.

Sites that need/experience re-treatment: one study (split-mouth

RCT) reported on breakdown sites that required re-treatment.

PROMs: one RCT reported on oral health-related quality of life

utilizing the Italian translation of the Oral Health Impact Profile

(OHIP) questionnaire �14.

Health-economic outcomes: two RCTs provided information on

total cumulative costs for operative interventions.

Other PROMs: a number of studies reported on other outcomes/

adverse events. These included periodontal abscess (one RCT), masti-

catory function and aesthetics (one RCT) and adverse events (one

controlled clinical trial and an RCT).

Risk of bias

Nine studies were included. Study quality assessment using the

Cochrane Risk of Bias tool 2.0 showed six studies were of, “some con-

cern”, and one study was classified as, “high”. Two studies were

judged as, “serious” using the Robins-I tool.

Effect sizes and their clinical relevance

Tooth loss: one RCT (Bogren et al., 2008) on 128 patients with 3-year

outcomes, compared subgingival instrumentation (SRP) alone (control)

with SRP and locally delivered 8.8% doxycycline gel applications (test) in

PPD ≥5 mm. SPC was conducted every 6 months. Twenty-five test sites

were lost due to tooth extractions (3.6% of initially included sites) in the

test group, while 45 sites were lost due to extractions (4.9% of those ini-

tially included) in the control group. The difference between groups was

not statistically significant (p > .05). A prospective cohort (Costa

et al., 2015), which included 212 patients, assessed surgical therapy ver-

sus non-surgical therapy in both compliant and non-compliant patients,

over 5 years of follow-up. While mean tooth loss for compliant patients

was significantly less (0.3 for non-surgical and 0.8 for surgical therapy)

than for non-compliant patients (2.2 and 2.8, respectively), no statisti-

cally significant differences were noted overall between ST and NST.

CAL loss ≥2 mm: one controlled clinical trial (Jenkins et al., 2000)

compared coronal scaling in 17 patients (146 sites) with subgingival

scaling in 14 patients (130 sites) over 12 months, and 21 sites exhibited

CAL loss ≥2 mm from each group over the course of SPC, with no sta-

tistically significant differences between groups. A 12-month multi-

centre RCT (Tonetti et al., 2012) on 202 subjects compared SRP (con-

trol) with SRP and 14% doxycycline gel application (test) on PPD

≥5 mm with BOP: 8 test and 7 control patients experienced CAL loss

≥2 mm with no statistically significant difference between the groups.

Sites that need/experience re-treatment: one split-mouth RCT

(Kaldahl et al., 1996b) reported 685 “breakdown” sites during the

course of SPC which required re-treatment. About 5%–12% of

these breakdown sites experienced CAL loss ≥3 mm and were re-

treated and subsequently experienced further loss of attachment.

PROMs: the Italian translation of the OHIP-14 questionnaire was

used in one RCT (Cortellini et al., 2020) at baseline, 1, 5 and 10 years

after regenerative treatment (other treatment groups were not rele-

vant to this review). The mean OHIP-14 score 1 year after the regen-

erative procedure was 6.6 (SD = 2.4), however no data were

presented at 10 years.

Health-economic outcomes: one RCT (Cortellini et al., 2017)

reported cumulative costs over a 20-year period (with 3-monthly

SPC) using an average of fees from private practices in Italy. The

cumulative costs ranged from a mean of €3090.98 (±210.66) to

€3382 (±88.95) and were dependent on the treatment carried out

during the active phase of therapy. Another study (Cortellini

et al., 2020) reported cumulative costs for a regenerative procedure

over 10 years (excluding SPC).

Other PROMs: 27 periodontal abscesses were reported in one

RCT (Kaldahl et al., 1996a) with 84 months of follow-up, with most

(85%) occurring in the group originally treated by coronal scaling

alone and a large proportion (63%) occurring in sites with

PPD ≥ 7 mm at the initial examination. Cortellini et al. (2020)

assessed masticatory function and aesthetics using a 5-point Likert

scale with a 10-year follow-up, and the proportion of people

reporting “some concern” for both masticatory function and aes-

thetics appeared to increase over the 9 years of SPC (graphical

information available only).

Adverse events were largely not described, but when judged in

two studies, it was mainly judged as “not serious” (Jenkins

et al., 2000; Tonetti et al., 2012). Both studies reported no difference

between study groups in regard to adverse events.

Consistency

Not applicable.

Balance of benefit and harm

The best approach to treatment of recurrence of periodontitis in SPC

is currently unknown. However, as demonstrated in those studies

included, some clinical benefit can be achieved regardless of treat-

ment modality. Additionally, no difference between treatment

approaches could be determined with respect to adverse events.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in regard to treatment of

recurrence in SPC. Determining the best approach to treatment of

recurrence in conjunction with patients' views on these should

undoubtedly be a research priority.

Feasibility, ethical, legal considerations

Not applicable.
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Economic considerations

The costs and cost-effectiveness of re-treatment of recurrence are

currently unknown.

11.3 | Is regular, professionally administered, SPC
associated with positive and/or negative outcomes,
aside from tooth loss and/or disease recurrence?

R11.6. Are there disadvantages to regular long-term
SPC (e.g., more gingival recession/clinical
attachment loss)?

PICOS question addressed by a SR

R11.6: Evidence-based statement

There is no evidence of clinical disadvantages to regular long-term SPC, such

as gingival recession/clinical attachment loss; however, the possibility of

these side effects cannot be excluded based on the evidence reviewed.

Patients should be advised of this as part of their informed consent.

Supporting literature (Leow et al., 2021)

Quality of evidence Three prospective cohorts with a “low” risk of bias.

Grade of recommendation Grade O—$ Statement: unclear, additional

research needed

Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

Periodontitis patients in long-term SPC should attend regular recall

appointments in order to reduce their risk of tooth loss. At times, periodon-

titis may become unstable and require re-treatment, which may take the

form of a non-surgical and/or surgical approach to resolve PPDs ≥4 mm

with BOP. One common consequence of re-treatment may be CAL in the

form of gingival recession, themagnitude of which is difficult to predict.

Available evidence

Number and design of included studies

Three prospective cohort studies contributed data to the meta-

analysis for estimating the number of patients experiencing CAL loss

≥2 mm (86 participants) during SPC.

Risk of bias

All three studies were classified as having, “low” risk of bias using the

Newcastle–Ottawa scale.

Effect sizes and their clinical relevance

The primary outcome of the systematic review (Leow et al., 2021) was

tooth loss. The secondary outcome, to inform on disease recurrence/

progression, was CAL loss ≥2 mm. “Regular” SPC was defined as

3-monthly, while a lack of adherence to or no SPCwas described as “irreg-
ular”. The mean proportion of patients who experienced overall CAL loss

≥2 mm was 24.8% (95% CI [11; 38]) with substantial heterogeneity

I2 = 63% (p = .013). 30.2% (95% CI [�2; 63]) of patients who attended

regular SPC appointments experienced CAL loss ≥2 mm, compared with

21.4% (95% CI [10; 33]) of those who attended irregularly. The difference

between subgroupswas not statistically significant (p= .332).

Although it appears that regular SPC does not lead to significantly

greater experience of CAL loss ≥2 mm, this should be interpreted with

caution. Only a small number of studies (n = 3) contributed to the

meta-analysis and the resulting data for the regular SPC group appear

imprecise (large confidence interval). Furthermore, the disparity may

be explained by a single outlier where participants in that group pres-

ented with an increased number of residual PPD at the start of SPC.

A greater length of follow-up (≥10 years) was associated with a

slight increase in CAL loss ≥2 mm of 26.3% (95% CI [8; 45]) compared

with 22.1% (95% CI [5; 39]) for 5–10 years follow-up.

Consistency

Heterogeneity for studies included to inform on CAL loss ≥2 mm was

substantial (I2 = 63%; p = .013).

Balance of benefit and harm

The desirable effects of long-term regular SPC (reduced prevalence of

tooth loss) would undoubtedly outweigh possible undesirable effects

regarding CAL. An overall consideration of the benefit versus harm of

regular SPC supports regular SPC.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability, feasibility, ethical, economic, legal considerations

See recommendation R11.1.

Legal considerations

Not applicable.

R11.7. Is long-term SPC cost-effective when
considering direct and indirect costs?

Additional question raised by the WG

R11.7: Expert consensus-based statement

We suggest that regular long-term SPC in specialist practice may result in

greater periodontal stability and tooth survival when compared with

SPC in general practice.

(Continues)
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(Continued)

Additional question raised by the WG

R11.7: Expert consensus-based statement

We do not know if long-term SPC is cost-effective when considering

direct and indirect costs.

Supporting literature (Gaunt et al., 2008) and Expert

opinion

Quality of evidence Not applicable

Grade of recommendation Grade O—$ Statement: unclear, additional

research needed

Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

Costs incurred by SPC are complex and include both direct and indirect

costs. Direct costs include elements such as the recall visits themselves

and/or costs of re-treatment, while the consequences of periodontitis

(e.g., cost of oral rehabilitation following tooth extraction or root caries)

and time commitments from the patient (i.e., absenteeism from work)

are considered indirect costs. There are also “intangible” costs such as

impact on quality of life and number of healthy life years.

Available evidence

Number and design of included studies

No studies reported on direct, indirect and intangible costs in SPC.

Risk of bias

Not applicable.

Effect sizes and their clinical relevance

One systematic review (Gaunt et al., 2008) concluded that SPC deliv-

ered in a specialist environment led to greater periodontal stability

(clinical attachment) and higher tooth survival rates when compared

with general practice, but was more expensive to deliver (direct

costs) in the specialist environment. The systematic review con-

ducted an analysis on cost-effectiveness based on data from one

study (Axelsson & Lindhe, 1981) being extrapolated over a 30-year

period. The analysis was from the perspective of a single patient

with the primary patient-based outcome of tooth loss and secondary

outcome of CAL. The authors calculated “tooth years lost”, which

considered time as a factor. Thus, one tooth lost after the first year

of SPC, equated to 30 tooth years lost over the course of the evalua-

tion. The comparison was taken for those patients who received SPC

in specialist care (charges based on one specialist practice in North

East England) versus in a general dental practice (charges based on

state health service charges in Scotland). Importantly, this model

assumed that only SPC would be undertaken (no periodontal re-

treatment) and highlights the uncertainty in the values used in the

analysis. An incremental cost-effectiveness ratio (ICER) was created

by considering the increase in cost of a particular programme

(i.e., specialist or general dentist in either setting) by the increase in

benefit (outcome). The results of the analysis showed that SPC when

provided in specialist practice was more effective than that delivered

by a general practitioner, in terms of tooth loss and clinical attach-

ment. SPC in specialist practice, however, costs €4466 more than a

general dentist in private practice, and €5938 more than a general

dentist in a state health service system. The ICER for SPC delivered

in specialist care (general dentist in private practice as baseline) was

€217 for one extra tooth year or an extra €1130 for 1 mm less

attachment loss. When using the general dentist in a state-supported

health service as a baseline, specialist care equated to €288 for one

extra tooth year or an extra €1503 per 1 mm loss of attachment.

Undoubtedly, compliance with recall appointments and efficiency

and appropriateness of care is crucial to our understanding of cost-

effectiveness. No data on compliance were given for the cohort of

patients who received SPC in general practice.

Consistency, balance of benefit and harm

Not applicable.

Overall certainty of the evidence

Very low.

From evidence to recommendation—additional
considerations

Acceptability

It is unknown whether patients prefer SPC appointments in the

specialist environment or in general practice. Often, a shared

responsibility exists (between specialist and general dental prac-

tices), which may reduce overall costs, possibly at the expense of

tooth or CAL.

Feasibility

Not applicable.

Ethical considerations

Limited evidence exists that regular SPC is beneficial to the patient

(reducing tooth loss and disease progression/recurrence). Although

SPC delivered in specialist practice appears to increase tooth survival

and reduce CAL when compared with general practice, this comes at

a higher cost, which may be a barrier for some patients.

Economic considerations

Limited evidence of the cost-effectiveness of SPC regarding direct

and indirect costs exists and should be a clear future research priority.

Legal considerations

Not applicable.
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R11.8. Does long-term SPC impact upon patient-
reported outcome measures (PROMs) (OHRQoL,
masticatory function, aesthetics)?

PICO question addressed by a SR

R11.8: Evidence-based statement

We do not know if long-term SPC impacts upon patient-reported

outcomes.

Supporting literature (Leow et al., 2021)

Quality of evidence Three prospective cohorts

Grade of recommendation Grade O—$ Statement: unclear, additional

research needed

Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

The impact of a disease and its treatment on a patient's quality of

life may be captured by PROMs. A number of tools have been uti-

lized to assess PROMs, often in the form of questionnaires or

scales. Periodontitis has been demonstrated to have a negative

impact on a patient's OHRQoL, while non-surgical therapy and sur-

gical therapy may improve this (Shanbhag et al., 2012), using vali-

dated PROMs.

Available evidence

Number and design of included studies

Three prospective cohorts reporting on PROMs were included.

Risk of bias

All three studies were judged as, “low” risk of bias using the

Newcastle–Ottawa scale.

Effect sizes and their clinical relevance

Patient-reported outcomes: the Italian translation of the OHIP-14

questionnaire was used in one RCT (Cortellini et al., 2020) at baseline,

1, 5 and 10 years after regenerative treatment (other treatment

groups were not relevant to this review). The mean OHIP-14 score

1 year after the regenerative procedure was 6.6 (±2.4). However, no

data were presented at 10 years.

Other PROMs: 27 periodontal abscesses were reported in one

RCT (Kaldahl et al., 1996a), with 84 months of follow-up, with most

(85%) occurring in the group originally treated by coronal scaling alone

and a large proportion (63%) occurring in sites with PPD ≥7 mm at the

initial examination.

Cortellini et al. (2020) assessed masticatory function and aes-

thetics using a 5-point Likert scale with a 10-year follow-up. The pro-

portion of people reporting “some concern” for both masticatory

function and aesthetics appears to increase over the 9 years of SPC

(graphical information available only).

Consistency

Not applicable.

Balance of benefit and harm

Regular SPC benefits the patient to reduce the risk of tooth loss and

CAL, while limited evidence exists on PROMs.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability, feasibility, ethical, economic, legal considerations

Not applicable.

12 | IMPACT OF PERIODONTAL
TREATMENT ON SYSTEMIC HEALTH AND
QUALITY OF LIFE

12.1 | Periodontal treatment in severe
periodontitis (stages III or IV or equivalent): Impact on
systemic health and quality of life

A systematic review (Orlandi et al., 2021) addressed the impact of

periodontal interventions, including non-surgical (steps 1 and 2), surgi-

cal (step 3) and adjunctive therapies, on systemic health and quality of

life in patients with severe (stages III or IV or equivalent) periodonti-

tis who:

1. were systemically healthy by anamnesis (medical history);

2. exhibited one or more co-morbid systemic non-communicable dis-

eases (NCDs);

3. were pregnant.

NCDs assessed were: cardiovascular diseases, arrhythmias, hyper-

tension, rheumatic, neurological, respiratory, metabolic, kidney, liver

and inflammatory gastrointestinal diseases, malignancy, osteoporosis

and mental health conditions (G.B.D. Diseases and Injuries

Collaborators, 2020).

The included intervention studies did not specifically provide

treatment to patients to a defined endpoint/outcome of success;

therefore, there may be an underestimation of the effect size upon

the systemic outcomes defined by the PICOS. Furthermore, treat-

ment of periodontitis is instigated for the purpose of improving oral

health, and systemic health benefits in patients without a co-morbid

NCD are therefore a secondary consideration because an absence
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of any beneficial systemic effect would not contraindicate the peri-

odontal therapy. While the most relevant analysis refers to the

treatment of periodontitis in patients with co-morbid NCDs (n = 29

RCTs), data were also combined with that from systemically healthy

individuals (n = 3 RCTs). This approach was not defined a priori and

it represents a methodological limitation of the review, but it was

deemed to be justified on the basis that there would likely be

patients within the systemically healthy group who had

undiagnosed NCDs.

Sixteen RCTs addressed adverse pregnancy outcomes (pre-term

birth <37, <35, and <32 weeks, low birth weight <2500 g and <1500

g, pre-term low birth weight, pre-eclampsia, gestational age at deliv-

ery, C-reactive protein [CRP], stillbirth, birthweight, and perina-

tal loss).

Following an update of the systematic search, five new studies

were identified (Buwembo et al., 2020; Montero et al., 2020;

Nguyen et al., 2021; Qureshi et al., 2021; Rapone et al., 2021) with

data from four of them included in meta-analyses (Montero

et al., 2020; Nguyen et al., 2021; Qureshi et al., 2021; Rapone

et al., 2021). The updated meta-analyses did not change the inter-

pretation of the available evidence apart from the increase in dia-

stolic blood pressure previously observed for PICOS #2, which

became non-statistically significant (0.15 mmHg 95% CI (�0.14;

0.44]; p = .311]. Furthermore, a statistically significant reduction in

tumour necrosis factor (TNF)-α [�0.27 pg/ml 95% CI [�0.53;

0.014]; p = .039) was observed for PICOS #1 and PICOS #2

populations combined.

12.1.1 | Impact of periodontal treatment on
systemic inflammation and cardio-metabolic risk in
people with no reported systemic co-morbidity
(presumed systemically healthy)

R12.1. Does periodontal treatment have an impact on
systemic inflammation and cardio-metabolic risk in
people with no reported systemic co-morbidity
(presumed systemically healthy)?

PICOS question addressed by a SR

R12.1: Evidence-based statement

Treatment of periodontitis may improve levels of biomarkers of systemic

inflammation and cardio-metabolic risk in people with no reported

systemic co-morbidity.

Supporting literature (Orlandi et al., 2021)

Quality of evidence Low—Three RCTs at low risk of bias

Grade of recommendation Grade O—$ Statement: unclear, additional

research needed

Strength of consensus Strong consensus (2.1% of the group abstained

due to potential CoI)

Background

Intervention

Treatment of periodontitis consisted of step 1 (behaviour change,

oral hygiene coaching and supra-gingival PMPR), step 2 (subgingival

instrumentation, including removal of dental biofilm and calcified

deposits and use of adjunctive therapies), step 3 (surgical periodontal

therapy) and step 4 (supportive periodontal care) in order to reduce

gingival inflammation (Sanz, Herrera, et al., 2020). Observational evi-

dence has linked periodontitis to increased risk of NCDs (Sanz

et al., 2018; Sanz, Marco Del Castillo, et al., 2020). Multiple mecha-

nisms have been proposed to explain the biological plausibility of a

systemic effect of periodontitis (Hajishengallis & Chavakis, 2021).

Furthermore, evidence from interventional data suggests that the

treatment of periodontitis may have an impact on systemic health

outcomes (D'Aiuto et al., 2013; Hajishengallis & Chavakis, 2021;

Simpson et al., 2015).

Available evidence

Number and design of included studies

Three randomized controlled trials (Fu et al., 2016; Tonetti et al., 2007;

Zhou et al., 2017) provided data on the effect of the treatment of peri-

odontitis in comparison with no/control treatment on systemic health in

systemically healthy participants with periodontitis. Systemic outcomes

reported in these trials included high sensitivity C-reactive protein (hs-

CRP), fasting plasma glucose, TNF-alpha, interleukin 6 (IL-6), total cho-

lesterol (TC), high density lipoprotein (HDL) cholesterol, low density lipo-

protein (LDL) cholesterol, triglycerides (TG), flow-mediated dilatation

(FMD), systolic blood pressure (SBP), diastolic blood pressure (DBP) and

body mass index (BMI), at 6 months follow-up. Meta-analyses were per-

formed by systemic outcome for hs-CRP, IL-6, TC, HDL cholesterol,

LDL cholesterol, TG, SBP, and DBP, at 6 months.

Risk of bias

The three trials included in the analysis were considered at low risk of

bias according to the RoB 2.0 tool.

Effect sizes and their clinical relevance

Although reductions in systemic biomarkers of inflammation and meta-

bolic control were reported, no statistically significant systemic effect of

periodontal therapy was observed after 6-months of follow-up.

Consistency

Meta-analysis of three studies showed a reduction in eight biomarkers (hs-

CRP, IL-6, TC,HDL, LDL, TG, SBP andDBP)with high levels of heterogene-

ity in sixmeta-analyses andwide confidence intervals.

Balance of benefit and harm

No evidence of harm was reported in any of the clinical trials.
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Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in relation to the treat-

ment of periodontitis, due to a paucity of patient-reported

outcome data.

Feasibility

Little is known about the implementation of periodontal therapy that

is targeted at reducing cardiovascular biomarkers or those targeted at

lowering metabolic risk, predominantly because the primary purpose

of periodontal treatment is to improve periodontal rather than sys-

temic health outcomes. Treatment of periodontitis is routinely per-

formed in many healthcare systems across the world, and therefore it

is in itself feasible for those who can afford care or those able to gain

access to care. There are, however, groups in society who struggle to

access periodontal care for various reasons, some being cost (The

Economist Intelligence Unit, 2021).

Ethical considerations

Evaluation of the efficacy of the treatment of periodontitis on sys-

temic health outcomes is ethically challenging as it would entail com-

parison with no treatment.

Economic considerations

Cost-effectiveness has not been evaluated in these studies.

Legal considerations

Not applicable.

12.1.2 | Impact of periodontal treatment on
systemic inflammation and cardio-metabolic risk in
people with co-morbid systemic non-communicable
disease (NCD)

R12.2. Does treatment of periodontitis impact upon
“hard” outcomes or complications of systemic NCDs,
in periodontitis patients with a co-morbid NCD?

PICOS question addressed by a SR

R12.2: Expert consensus-based statement

It is currently unclear if the treatment of periodontitis improves “hard”
outcomes or complications of systemic NCDs in patients with

periodontitis with a co-morbid NCD.

(Continues)

(Continued)

PICOS question addressed by a SR

R12.2: Expert consensus-based statement

Supporting literature (Orlandi et al., 2021)

Quality of evidence Very Low—One feasibility RCT at high risk of bias

Grade of recommendation Grade O—$ Statement: unclear, additional

research needed

Strength of consensus Consensus (2.4% of the group abstained due to

potential CoI)

Background

Intervention

Treatment of periodontitis was exactly as described under R12.1.

Available evidence

Number and design of included studies

One randomized controlled study (feasibility trial) reported data on the

effect of the treatment of periodontitis in comparison with no/control

treatment on “hard” outcomes or complications of systemic diseases, in

patients with a non-communicable disease (Beck et al., 2008). “Hard”
outcomes have been defined as “patient-important endpoints that are

definitive with respect to the disease process, and reflect how a patient

feels, functions or survives” (Institute of Medicine, 2010).

Risk of bias

The trial was considered at high risk of bias according to the RoB

2.0 tool.

Effect sizes and their clinical relevance

No statistically significant overall effect of periodontal therapy on car-

diovascular events was observed.

Consistency

Not applicable.

Balance of benefit and harm

No evidence of harm was reported in this study.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in relation to treatment of

periodontitis in patients with an NCD.
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Feasibility

Little is known about the implementation of periodontal treatment

in patients with NCDs, or where periodontal therapy is prioritized

by those patients relative to other co-morbidities within their

overall healthcare portfolio. Treatment of periodontitis is routinely

performed in many healthcare systems across the world, and

therefore it is in itself feasible, accepting the limitations outlined

in R12.1.

Ethical considerations

Evaluation of the efficacy of the treatment of periodontitis on sys-

temic health outcomes is ethically challenging as it entails comparison

with no treatment or a delayed treatment group, where adverse out-

comes may arise in periodontal health, irrespective of systemic health

outcomes.

Economic considerations

Insufficient evidence exists on the cost-effectiveness of the treatment

of periodontitis when evaluating hard outcomes of systemic disease

and/or complications of systemic conditions.

Legal considerations

Not applicable.

R12.3. Does periodontal treatment impact on systemic
inflammation, metabolic control and cardiovascular
risk in periodontitis patients with a co-morbid NCD?

PICOS question addressed by a SR

R12.3: Evidence-based recommendation

We suggest that treatment of periodontitis is performed to reduce

systemic inflammation, to reduce cardiovascular risk profile and to

improve metabolic control in patients with co-morbid NCD; however,

treatment protocols should include careful consideration of the general

health status of the patient (e.g., quadrant vs. full-mouth approach).

Supporting literature (Orlandi et al., 2021)

Quality of evidence Moderate—Six RCTs were considered at high risk

of bias, nine at moderate risk and 18 at low risk of bias

Grade of recommendation Grade B—"
Strength of consensus Consensus (0% of the group abstained due to

potential CoI)

Background

Intervention

Treatment of periodontitis was exactly as described under R12.1.

Available evidence

Number and design of included studies

Thirty-three randomized controlled trials reported data on the

effect of the treatment of periodontitis in comparison with

no/control treatment on systemic health in patients with a non-

communicable disease. Populations with type 2 diabetes, cardiovas-

cular diseases, polycystic ovary syndrome, end-stage renal disease,

multiple co-morbidities, rheumatoid arthritis, and chronic kidney

disease were reported. Systemic outcomes evaluated included hs-

CRP, TNF-alpha, IL-6, erythrocyte sedimentation rate (ESR), HbA1c,

fasting plasma glucose (FPG), TC, HDL cholesterol, LDL cholesterol,

TG, very low density lipoproteins (VLDL), FMD, BMI, SBP, DBP,

pulse rate, serum creatinine (sCR) and albumin, at 6 months follow-

up. Meta-analyses were conducted by systemic outcome for hs-

CRP, FPG, TNF-alpha, IL-6, TC, HDL cholesterol, LDL cholesterol,

TG, FMD, SBP, DBP and BMI, at 6-month follow-up, and for hs-

CRP, IL-6, HbA1c, TC, HDL cholesterol, estimated glomerular filtra-

tion rate (eGFR) and asymmetric dimethylarginine (ADMA), at

12-month follow-up.

Risk of bias

Of 33 trials, 6 were considered at high risk, 9 at moderate risk and

18 at low risk of bias according to the RoB 2.0 tool.

Effect sizes and their clinical relevance

Treatment of periodontitis demonstrated a statistically significant

reduction in hs-CRP (0.47 mg/L, 95% CI [0.20; 0.74]), reduction in

FPG (1.07 mmoL/L, 95% CI [0.25; 1.89]) and increase in FMD (0.31%,

95% CI [0.07; 0.55]), at 6-month follow-up.

Consistency

Fifteen of 16 clinical trials reported a reduction in serum hs-CRP but

with high heterogeneity. Six out of eight studies reported a reduction

in FPG but with high heterogeneity. Both of the studies investigating

FMD as a primary outcome measure, reported an increase in FMD

with low heterogeneity. No evidence of publication bias was

observed. Meta-analyses on IL-6 (6 studies), TNF-α (4 studies) and

HbA1c (14 studies) reported statistically non-significant reductions

following treatment of periodontitis.

Balance of benefit and harm

No evidence of harm was reported in any studies.

Overall certainty of the evidence

Moderate.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences in relation to treatment of

periodontitis in people with a co-morbid systemic condition, due to

the lack of studies addressing PROMs.

Feasibility

Little is known about implementation of protocols targeted at reducing

systemic biomarkers of cardio-metabolic risk. Treatment of periodontitis
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is routinely performed in many healthcare systems across the world, and

therefore is in itself feasible, accepting the limitations outlined in R12.1.

Ethical considerations

The evaluation of the efficacy of the treatment of periodontitis on

systemic health outcomes is ethically challenging for the reasons

stated in R12.2.

Economic considerations

Insufficient evidence exists on the cost-effectiveness of the treatment

of periodontitis when evaluating biomarker or other surrogate outcomes

of systemic disease and/or complications of systemic conditions.

Legal considerations

Not applicable.

12.1.3 | Does periodontal treatment reduce the risk
of adverse pregnancy outcomes?

R12.4. Does periodontal treatment during pregnancy
reduce adverse pregnancy outcomes?

PICOS question addressed by a SR

R12.4: Evidence-based statement

It is unclear whether treatment of periodontitis during pregnancy may

reduce pre-term births (<37 weeks) or reduces other adverse pregnancy

outcomes.

Supporting literature (Orlandi et al., 2021)

Quality of evidence Moderate—3 RCTs were of high risk of bias,

10 studies were graded as moderate and the remaining 3 as low risk

of bias.

Grade of recommendation Grade O—$ Statement: unclear,

additional research needed, specifically focused on high-risk

individuals.

Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

Treatment of periodontitis was as described under R12.1. Epidemio-

logical studies have shown that periodontal diseases increase the odds

of several pregnancy complications, with the strength of the associa-

tions varying depending upon the study population (Offenbacher

et al., 1996; Jeffcoat et al., 2001; Ide & Papapanou, 2013). Prevention

strategies including oral hygiene instructions and supra/subgingival

instrumentation of the dentition are encouraged during pregnancy to

maintain/restore oral health. However, it is still unclear whether the

treatment of periodontal diseases has an effect on preventing adverse

pregnancy outcomes such as pre-term birth or low birth weight.

Subgingival instrumentation has traditionally been delivered dur-

ing multiple sessions (e.g., quadrant-wise). As an alternative, full-

mouth protocols have been suggested. Full-mouth protocols included

single-stage and two-stage therapy within 24 hours; however, proto-

cols including adjunctive antiseptics (full-mouth disinfection) were not

included in this analysis.

Available evidence

Number and design of included studies

Sixteen RCTs reported on the effect of treatment of periodontitis on

pregnancy outcomes. The pregnancy outcomes assessed in the meta-

analysis comprised pre-term birth <37, <35, and <32 weeks, low birth

weight <2500 g and less than <1500 g, pre-term low birth weight,

pre-eclampsia, gestational age at delivery, CRP, stillbirth, birthweight

and perinatal loss.

Risk of bias

Of the 16 studies, 3 were at high risk of bias, 10 studies were graded

as moderate and the remaining 3 as low risk of bias based on the ROB

2 tool.

Effect sizes and their clinical relevance

Based on 14 RCTs, the treatment of periodontitis resulted in a statisti-

cally significant reduction of pre-term births (<37 weeks) (risk

ratio = 0.77, 95% CI [0.60; 0.98]). No statistically significant impact

was observed for other pregnancy outcomes.

Consistency

Nine of 14 RCTs resulted in a reduction of pre-term births (<37 weeks).

Balance of benefit and harm

Of the studies included that reported adverse effects, none

reported maternal mortality following non-surgical periodontal inter-

ventions. Clinicians should be aware that there is evidence of sys-

temic consequences (e.g., acute-phase systemic inflammatory

response and vascular dysfunction, i.e., FMD) with full-mouth pro-

tocols. While the clinical relevance of such changes remains to be

determined, such an approach should always include careful consid-

eration of the general health status of the pregnant patient.

Overall certainty of the evidence

Moderate.

From evidence to recommendation—additional
considerations

Acceptability

Little is known about patient preferences regarding the treatment of

periodontitis during pregnancy, due to the lack of studies addressing

relevant PROMs.
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Feasibility

Little is known about implementation protocols targeted at

reducing adverse pregnancy outcomes. Treatment of periodontitis is

routinely performed in many healthcare systems across the world,

and therefore is in itself feasible, accepting the limitations outlined

in R12.1.

Ethical considerations

Evaluation of the efficacy of the treatment of periodontitis on adverse

pregnancy outcomes is ethically challenging as it would entail compar-

ison with no treatment or treatment delayed until post-partum. There

is another potential ethical dilemma in that patient preference may

conflict with the clinician's recommendation in terms of mode of

treatment delivery or timing of treatment. Patient autonomy should

be respected.

Economic considerations

Insufficient evidence exists on the cost-effectiveness of the treat-

ment of periodontitis when evaluating adverse pregnancy

outcomes.

Legal considerations

Not applicable.

12.2 | Prosthetic rehabilitation in fully or partially
edentulous patients: Impact on systemic health and
quality of life

A systematic review (Gennai et al., 2021) explored the impact of treating

partial or complete edentulism in patients with periodontitis and those

with tooth loss from any cause, on OHRQoL and general health.

The review considered the impact of rehabilitation of edentulous

spaces of 5 or more teeth, in order to identify patients with stage IV peri-

odontitis. However, only 13 studies recorded data from periodontitis

patients, and even in these studies, the reasons for the tooth loss were

not documented. Forty-three studies were available that met the criteria

of analysing oral health quality of life outcomes and specific measures of

general health (cognitive impairment, nutritional status, frailty, systemic

serummarkers) in patientswith edentulous spaces of 5 ormore teeth.

The recommendations made by the workshop focussed on the

available data from 13 studies of periodontitis patients. However, as

periodontitis is a major cause of tooth loss in adults (overall preva-

lence 45%–50% and severe periodontitis on 7%–11%), data were also

considered from 43 studies where the presence of periodontitis was

not specified, on the assumption that it is likely to have contributed to

tooth loss in a number of cases studied. This decision reflected the

limitations of the available literature, but the guideline group endorsed

this pragmatic approach.

OHRQoL was analysed using various validated tools including:

OHIP-14, OHIP-20, OHIP-49, OHIP-54, OHIP-EDENT, OHIP-

EDENT-21, OHQoL-UK, OIDP, DIDL and GOHAI, and VAS, Likert

scales or questionnaires for patient satisfaction (12 different

methods). Quality of life instruments used to analyse general health

status included EORTC QLQ-C30, EORTC QLQ-H&N35, GHQ, SIQ,

SF-36, WHOQol-BREF, GSS and EQ-5D (n = 8). For explanations of

the abbreviations of questionnaires/tools, the reader should read the

referred systematic review (Gennai et al., 2021).

12.2.1 | In people with a minimum of five teeth
missing for any reason (including stage IV periodontitis
patients), does prosthetic rehabilitation of edentulous
spaces improve quality of life?

R12.5. Does prosthetic rehabilitation of partial
edentulism improve quality of life in people with tooth
loss (for any reason, including periodontitis)?

PICOS question addressed by a SR

R12.5: Evidence-based recommendation (1), Evidence-based
statements (2, 3)

1. We recommend rehabilitation of people with partial edentulism of at

least 5 teeth (including those affected by periodontitis) to improve

quality of life.

2. Rehabilitation of partial edentulism with tooth-supported, fixed or

removable prostheses improves quality of life.

3. Rehabilitation of partial edentulism with implant-supported

prostheses improves quality of life.

Supporting literature (Gennai et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade A—"" (1); Statements (2, 3)

Strength of consensus Strong consensus (1.9% of the group abstained

due to potential CoI)

Background

Intervention

Partially edentulous spaces may be left un-restored or may

be restored using a variety of approaches, including fixed or

removable prostheses, which may or may not be supported by

teeth or dental implants. Such restorations provide numerous

benefits that are reported to provide positive impacts beyond

the oral cavity including but not limited to function and aes-

thetics. There is also a body of evidence suggesting improve-

ments in quality of life following the restoration of partially

edentulous spaces.

OHRQoL has been measured with psychometric questionnaires.

Restoration of edentulous spaces appears to incur significant changes

in OHRQoL and such changes appear tangible to those patients

treated by such reconstructions.
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Available evidence

Number and design of included studies

The evidence underpinning this recommendation includes five RCTs

(465 patients), one cross-sectional study, a case–control trial

(14 patients) and one prospective case series (248 patients), with all

studies consistently highlighting that the restoration of partial

edentulism led to an improvement in quality of life.

Risk of bias

Risk of bias was evaluated via the Cochrane reviewers' Handbook for

interventional studies identifying three studies at high risk of bias and

three with moderate risk of bias. One case–control study was at low

risk of bias (5 stars out of 6) on the Newcastle–Ottawa scale.

Effect sizes and their clinical relevance

Improvements were consistently statistically significant and the

magnitude of improvement was superior to the “minimally impor-

tant difference” when available, suggesting clinically meaningful

effect sizes.

There were no randomized studies evaluating treatment, versus no

treatment. Thus, pre-operative to post-operative differences were eval-

uated in order to assess the impact of the treatment protocol studied.

Consistency

Overall, studies reported that restoration of partial edentulism with

tooth-supported restorations led to an improvement in quality of life.

Balance of benefit and harm

Benefits and harms were not reported, although it may be speculated

that tooth-supported fixed restorations, may be associated with some

potential harm due to complications associated with the endodontic and

prosthodontic components of the treatment. In the case of implant-

supported restorations, potential harms associated with implant place-

ment (potential intra- and post-operative complications) and mainte-

nance (especially in people affected by periodontitis showing higher risk

of peri-implantitis and implant loss) should be carefully considered.

However, overall, the perceived benefits in terms of masticatory

function and improvements in quality of life appear to exceed the

potential harms.

Overall certainty of the evidence

High (consistency and effect size) to Moderate (quality of the included

studies).

From evidence to recommendation—additional
considerations

Acceptability

Restoration of edentulism is broadly accepted by both patients and

institutions and widely requested by patients.

Feasibility

Approaches to restoring edentulous spaces vary according to the

knowledge and skills of individual dental practitioners, dental prac-

tice/office protocols, and healthcare funding systems which vary

widely from country to country. There seem to be challenges, how-

ever, for frail populations and the elderly living in care homes. More-

over, surgical options as pre-treatment for the restorations (e.g., for

implant placement) are not universally available, and may reflect

healthcare funding and the financial circumstances of individuals,

thereby also reflecting health inequalities.

Ethical considerations

Many national health systems cover/reimburse the costs for treat-

ment of edentulism. However, in some countries, fees for treatment

are borne entirely by the individual patient.

Economic considerations

The costs associated with the restoration of edentulous spaces vary

widely according to the type of restoration provided, with removable

options (removable dental prostheses) generally costing significantly

less than fixed restorations (tooth/implant-supported fixed partial

dental prostheses).

Legal considerations

Not applicable.

R12.6. Does provision of conventional complete
removable prostheses, in one or in both dental arches,
improve quality of life in fully edentulous patients
when compared with no rehabilitation?

PICOS question addressed by a SR

R12.6: Evidence-based recommendation

We recommend providing complete conventional removable prostheses

to treat fully edentulous patients (including those who have lost teeth

due to periodontitis), in one or both arches, to improve quality of life.

Supporting literature (Gennai et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade A—""
Strength of consensus Strong consensus (0% of the group abstained

due to potential CoI)

Background

Intervention

The traditional approach to treating complete edentulism involves

rehabilitation with complete conventional removable prostheses.

Overall, this approach to treatment is technically less demanding,
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universally accessible and associated with lower costs than implant-

supported overdentures.

Available evidence

Number and design of included studies

The evidence supporting this recommendation is based on a system-

atic review and meta-analysis (Gennai et al., 2021), 44 studies, of

which eight were interventional and 36 observational.

Risk of bias

Risk of bias was evaluated through the Cochrane reviewers' Handbook

for interventional studies and the Newcastle–Ottawa scale for observa-

tional studies. Overall, studies were judged to be of moderate to high risk

of bias and none of the manuscripts included were found to be at low

risk of bias. Interventional studies were judged to be of moderate to high

risk of bias as these studies showed on average 45% of items that were

considered adequate. The observational studies showed 57% of items

judged positively, thereby indicating a moderate overall risk of bias.

Effect sizes and their clinical relevance

The effect measured through psychometric questionnaires was both

statistically significant and clinically meaningful as significant

changes of GOHAI, OHIP-14 and OHIP-49 were noticed after

rehabilitation.

Based on the analysis, the magnitude of the effect is considered

as relevant for the patient, since it was superior, on average, to the

value of the “minimally important difference”, as explained before

(Tsakos et al., 2012).

Consistency

There is a high level of consistency throughout the selected studies.

None of the studies reported an absence of effect. Indeed, all the

studies reported significant improvements in the various psychometric

questionnaires used.

Balance of benefit and harm

Harms associated with treatment of edentulism with complete conven-

tional removable prostheses are negligible. Patients may have temporary

difficulties in adapting to new prostheses. Moreover, poorly fitting com-

plete conventional removable prostheses may be a cause of discomfort.

Overall certainty of the evidence

High.

From evidence to recommendation—additional
considerations

Acceptability

Complete conventional RDPs are traditionally the most commonly

used method of rehabilitation for fully edentulous patients. In general,

they are safe and effective and the positive changes in quality of life

reported improve their acceptability. In some patients, however, the

lack of retention associated with the prosthesis may constitute an

important psychological issue.

Feasibility

Complete conventional RDPs are routinely provided by dentists

worldwide. The design and provision of these prostheses are practical,

time-effective and safe. Importantly, the relatively modest costs asso-

ciated with this type of rehabilitation significantly allow its widespread

feasibility.

Ethical considerations

Not applicable.

Economic considerations

Complete conventional RDPs are the least expensive form of treatment

to rehabilitate fully edentulous patients. Many national health systems

cover/reimburse the costs of treating edentulism. However, in some

countries, treatment fees may have to be borne entirely by the patient.

Legal considerations

Not applicable.

R12.7. Are implant-supported full-arch removable
dental prosthesis (overdenture) superior to
conventional full-arch removable prostheses in terms
of improvement of quality of life?

Additional question raised by the WG

R12.7: Expert consensus-based recommendation

We suggest treating fully edentulous people (including those affected by

periodontitis) with implant-supported full-arch removable dental

prosthesis (overdenture), rather than conventional full-arch removable

prostheses, to improve quality of life.

Supporting literature (Awad et al., 2000; Heydecke et al., 2005; Allen

et al., 2006; Harris et al., 2013; Muller et al., 2013), included in the

systematic review (Gennai et al., 2021)

Quality of evidence Moderate

Grade of recommendation Grade B—"
Strength of consensus Unanimous consensus (14.6% of the group

abstained due to potential CoI)

Background

Intervention

Implant-supported full-arch RDPs (“overdentures”) are frequently

advocated to overcome complications associated with complete

conventional removable prostheses, such as fit, aesthetics and masti-

catory function.
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Available evidence

Number and design of included studies

The evidence for this recommendation is based on four RCTs

(3 cohorts, 342 patients) evaluating implant-supported full-arch over-

dentures versus conventional removable prostheses in fully edentu-

lous patients. Quality of life was evaluated through OHIP-49 and

social impact questionnaires.

Risk of bias

Risk of bias was evaluated through the Cochrane reviewers' Hand-

book for interventional studies identifying two studies at high risk of

bias and two with moderate risk of bias.

Effect sizes and their clinical relevance

Differences in outcome appear socially meaningful and statistically

relevant.

Consistency

Three studies reported significantly greater improvements in

quality of life for patients treated with implant-supported

overdentures.

Balance of benefit and harm

Benefits and harms were not reported, although it is plausible that

implant placement may be associated with some potential harms.

Implant placement procedures may be associated with potential intra-

and post-operative complications. Moreover, implants, especially in

people previously affected by periodontitis, show higher risk of devel-

oping peri-implantitis and implant loss.

Overall certainty of the evidence

Moderate.

From evidence to recommendation—additional
considerations

Acceptability

Restoration of edentulism is widely advocated and accepted. How-

ever, some patients may not be willing to undergo a surgical proce-

dure for implant placement.

Feasibility

The restoration of edentulous spaces using implant-supported resto-

rations is widely undertaken. However, in certain situations, access to

surgical treatment may be limited as surgical facilities and skills may

not be present in every dental setting. Furthermore, there are a high

number of national healthcare systems that do not provide implant

treatments. Moreover, implants require supportive maintenance care

in all patients, but especially in those previously affected by periodon-

titis, which may not always be accessible.

Ethical considerations

The fact that dental implant-supported overdentures are more

expensive than complete conventional removable prostheses, may

raise some ethical concerns as there may be a gradient of

improvement of OHRQoL, for implant-supported overdentures,

while for some individuals there are problems with the affordabil-

ity of the procedure, thereby impacting adversely upon social

inequalities.

Economic considerations

Restoration of edentulous spaces with implant-retained prostheses is

funded in many countries out-of-pocket with costly implications that

may limit uptake.

Legal considerations

Not applicable.

12.2.2 | In people with a minimum of five teeth
missing for any reason (including stage IV periodontitis
patients), does restoration of edentulous spaces
improve systemic health?

R12.8. Is rehabilitation of partial/full edentulism
associated with better systemic health (teeth lost for
any reason, including stage IV periodontitis)?

PICOS question addressed by a SR

R12.8: Evidence-based recommendation (1), Expert consensus-based
recommendation (2)

1. We recommend prosthetically treating fully edentulous people in

order to improve nutritional status.

2. We do not know if treating full edentulism is associated with

improvement of frailty, cognitive function or other systemic health

benefits.

Supporting literature (Gennai et al., 2021)

Quality of evidence Low

Grade of recommendation Grade A—"" (1); Grade O—$ Unclear,

additional research needed (2)

Strength of consensus Unanimous consensus (0% of the group

abstained due to potential CoI)

Background

Intervention

People with untreated edentulism exhibit a higher prevalence of malnutri-

tion, frailty and cognitive impairment comparedwith thosewho have been

treated for complete edentulism. Restoration of complete edentulism sig-

nificantly reduces the number of patients at risk ofmalnutrition.
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Available evidence

Number and design of included studies

Evidence for malnutrition derives from one RCT (34 patients), one pro-

spective cohort study (51 patients), and one cross-sectional study

(343 patients) utilizing the Mini Nutritional Assessment (MNA), a vali-

dated instrument covering numerous aspects of the patient's general

health, nutritional state and habits. Evidence for frailty derives from a

cross-sectional study (1026 patients) assessing frailty with the Groening

Frailty Indicator. Cognitive Impairmentwas assessed in 240 patients with

Mini-Mental Status Examination in a cross-sectional study.

Risk of bias

Risk of bias was evaluated through the Cochrane and Newcastle–

Ottawa scale according to study design. A moderate to high risk of

bias was detected. Intervention studies showed 50% of items as ade-

quate, generating a moderate risk of bias. Observational studies were

judged as moderate to high risk of bias as they reported a range of

adequate items varying from 4 to 7.

Effect sizes and their clinical relevance

Treatment reduces the proportion of people at risk of malnutrition to

a significant extent.

Consistency

Studies are limited in number but consistent in detecting enhance-

ment of nutritional status after rehabilitation. Levels of frailty, cogni-

tive impairment and malnutrition are higher in untreated edentulous

subjects.

Balance of benefit and harm

The potential harms of any restoration are outweighed by the benefits

of reducing malnutrition.

Overall certainty of the evidence

Low.

From evidence to recommendation—additional
considerations

Acceptability

Restoration of edentulism is widely accepted and requested by

patients to enhance masticatory function and improve nutritional

status.

Feasibility

The restoration of edentulous spaces/edentulism is widely under-

taken and techniques and methods vary significantly among different

countries, dental settings and healthcare systems. Overall, the vast

majority of the population in many countries benefit from restoration

of their edentulous spaces/edentulism.

Ethical considerations

Restoration of edentulous spaces should be advocated, especially in

elderly populations, to improve masticatory function, improve nutri-

tional status and reduce the likelihood of frailty.

Economic considerations

Restoration of edentulous spaces/edentulism incurs a wide range of

costs dependent upon the type of restoration provided.

Legal considerations

Not applicable.
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