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Abstract 

 

Aim: To evaluate the risk factors / predictors of tooth loss in patients with periodontitis 

who underwent periodontal therapy and long-term periodontal maintenance (PM). 

Material & Methods: PUBMED, CENTRAL, EMBASE, Web of Science, LILACS 

and Google Scholar databases were searched until September 2020. Studies limited to 

periodontitis patients who underwent active periodontal therapy and followed a regular 

PM program with at least 5 years of follow-up were considered for inclusion. Studies 

were included if data on tooth loss during PM were reported. Random effects meta-

analyses of number of tooth loss per patient per year were conducted. 

Results: Thirty-six papers regarding thirty-three studies were included, with three 

prospective and 30 retrospective trials. Subgroup meta-analysis showed no difference 

between prospective and retrospective studies, with an average of 0.1 tooth loss per year 

per patient (p<0.001). Maxillary and molar teeth were more susceptible to be extracted 

during long-term PM. Baseline characteristics (smoking, diabetes mellitus, 

cardiovascular disease, being male, and teeth with furcation lesions) showed no 

significance as predictor of tooth loss through meta-regression. The percentage of tooth 

loss due to periodontal reasons ranged from 0.45% to 14.4%. Individual outcomes in 

each study evidenced different patient-related factors (age and smoking) and tooth-

related factors (i.e., tooth type and location) were associated with tooth loss during PM. 

All analyses showed complete homogeneity (I2=0%). 

Conclusion: Most patients undergoing long-term PM have not lost teeth. Long-term 

PM causes the loss of 1 tooth per patient every 10 years. Additional prospective trials 

may confirm these results. 

Keywords: Periodontal Disease; Periodontitis; Long-term Maintenance; Tooth loss. 
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Resumo 

 

Objetivos: Avaliar os fatores de risco / preditivos para a perda de dentes em pacientes 

periodontais tratados e com uma manutenção periodontal de, pelo menos, 5 anos. 

Materiais e Métodos: A pesquisa foi realizada nas bases de dados PUBMED, 

CENTRAL, EMBASE, Web of Science, LILACS e Google Scholar com data de 

publicação até setembro de 2020. Apenas estudos que incluíram pacientes que 

realizaram terapia periodontal ativa e seguiram uma terapia periodontal de suporte 

(TPS) por um período mínimo de 5 anos de seguimento foram considerados elegíveis 

para esta revisão. Os estudos foram incluídos se reportassem dados sobre o número de 

dentes perdidos durante a TPS. Foi realizada meta-análise de incidência para o número 

de dentes perdidos por paciente por ano. 

Resultados: Trinta e seis artigos relativos a 33 estudos foram incluídos, 3 estudos 

prospetivos e 30 retrospetivos. A meta-análise de subgrupo revelou não existirem 

diferenças entre os estudos retrospetivos e prospetivos, com uma média de 0.1 dentes 

perdidos por paciente por ano (p<0.001). Os dentes superiores e os molares 

apresentaram maior risco de serem perdidos durante a TPS. Características como 

diabetes mellitus, doença cardiovascular, sexo, e dentes com lesão de furca não 

demonstraram valor preditivo significativo de perda dentária através de meta-regressão. 

A idade, hábitos tabágicos e fatores relacionados com o dente (tipo de dente e 

localização) foram associados com perda dentária durante a TPS. Todas as análises 

demonstraram homogeneidade completa (I2=0%). 

Conclusão: A maioria de pacientes que cumpriu um programa de TPS prolongada não 

perdeu qualquer dente. Em média, a TPS prolongada leva à perda de 1 dente por 

paciente a cada 10 anos. Estudos prospetivos adicionais poderão confirmar a 

consistência destes resultados. 

Palavras-chaves: Doença Periodontal; Periodontite; Manutenção Periodontal, Perda 

dentária 
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I. INTRODUCTION 

 

1. PERIODONTITIS 

Periodontal disease (PD) is a clinical entity that comprises a group of diseases affecting 

the periodontium (among which are gingivitis, periodontitis, necrotizing periodontal 

conditions, periodontitis as a manifestation of systemic disease, periodontal abscesses 

and endodontic-periodontal lesions) (Armitage, 1999; Caton et al., 2018; Lamont et al., 

2018). Specifically, periodontitis is one of the most prevalent oral conditions worldwide 

(Marcenes et al., 2013), and was responsible for an estimated loss of $154.06B in the 

United States of America and €158.64B in Europe, in 2018 (Botelho et al., 2021).  

Periodontitis is a chronic and inflammatory non-communicable disease, compromising 

the integrity of the periodontium, resulting in deep periodontal crevices (also known as 

periodontal pocket), attachment loss and alveolar bone loss (American Academy of 

Periodontology [AAP], 2001; De Wet et al., 2018; Hajishengallis, 2015; Highfield, 

2009; Weinmann, 1952). 

The existence of numerous classifications for periodontitis and clinical measures make 

the interpretation and homogeneity of epidemiological data complex (Lamont et al., 

2018). At a global scale, the Global Burden of Disease (1990-2010) ranked periodontitis 

as the sixth most prevalent disease (Kassebaum et al., 2014; Marcenes et al., 2013; 

Nazir, 2017). In Portugal, the Study of Periodontal Health in Almada-Seixal 

documented a 59.9% prevalence of periodontitis, with 46.2% of moderate-to-severe 

cases in the Southern Lisbon Metropolitan Area (Botelho et al., 2019). The prevalence 

of periodontitis is increased in men and age-dependent (Ebersole et al., 2016; Eke et al., 

2016). Also, the periodontal-systemic health link has been extensively researched in the 

past decades (Hajishengallis & Chavakis, 2021). 

To manage this condition, periodontal patients require a rigorous protocol of consults 

towards dental plaque removal via non-surgical and/or surgical approaches, called 

periodontal treatment (PT). Several clinical difficulties arise during PT (that will be 

introduced later), yet the lack of adherence proves to be the major challenge because 

this negligent behavior jeopardizes the success of PT and furthering this disease 

(Ramseier, Suvan, et al., 2015). 
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1.1. Clinical Manifestations 

The periodontium is comprised of soft and hard tissues (Darveau, 2010; Nibali, 2017). 

The space formed between the epithelial and teeth surface – designated as gingival 

sulcus – is surrounded by the gingival crevicular fluid (an osmotic capillary transudate 

containing leukocytes, antibodies, cytokines, oral bacteria, enzymes and tissue-

degradation products) (Darveau, 2010; Donos, 2017). The presence of an inflammatory 

exudate on the junctional epithelium is always present, revealing the existence of a 

subclinical inflammation signal, even in a physiological state (Brecx et al., 1987).  

The accumulation of dental plaque is inevitable, and mainly occurs at stagnant sites, 

where tooth brushing is ineffective (Marsh, 2004). Biofilm and bacteria can undermine 

the junctional epithelium resulting in further subgingival dissemination of bacteria 

(Donos, 2017). Thus, this physiological state can be disrupted by the presence of 

subgingival bacterial products that lead to the release of hosts’ inflammatory mediators 

(Hajishengallis, 2015). As a consequence, the connective tissue is destroyed along with 

gingival inflammation, deepening of gingival sulcus and creation of pathological 

periodontal pockets, allowing bacteria spread along the root surface (Nibali, 2017; Page 

& Kornman, 1997; Tonetti et al., 2018). 

Periodontitis is therefore characterized by the loss of supporting periodontal tissue, 

clinically seen as deep periodontal pockets, and may eventually lead to tooth loss if not 

treated (Darveau, 2010; Papapanou et al., 2018; Sanz et al., 2020) (Figure 1). 
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Figure 1 | Schematic representation of periodontitis. Healthy periodontal insertion (left to the dotted 

white line) where tooth is supported by connective tissue and alveolar bone. Specialized junctional 

epithelium is connected to the tooth surface, covered by the oral epithelium. The space formed between 

the tooth and the epithelial surface is designated as sulcus and is filled with the gingival crevicular fluid. 

Local effects of periodontitis (right to the dotted white line) show a destruction of periodontal connective 

tissue and alveolar bone by the accumulation of pathogenic dental-plaque biofilm on tooth and tooth root 

surface, resulting in the most common cause for tooth loss. Original image. 

 

Beyond the local impact in the oral cavity, this local periodontal inflammatory reaction 

may trigger a bulk of systemic inflammatory responses (Hajishengallis & Lamont, 

2012). Periodontitis hence exerts its effect on other chronic conditions such as diabetes 

mellitus (Preshaw et al., 2012; Simpson et al., 2015), obesity and metabolic syndrome 

(Genco & Borgnakke, 2013), cardiovascular diseases (Muñoz Aguilera et al., 2020), 

cancer (Corbella et al., 2018), rheumatoid arthritis (Hussain et al., 2020) and adverse 

pregnancy outcomes (Sanz & Kornman, 2013). Also, periodontitis has been associated 

with polycystic ovary syndrome (Machado, Escalda, et al., 2020), bacterial vaginosis 

(Escalda et al., 2021), and more recently, with increased risk of complications from 

Coronavirus Disease 19 (Marouf et al., 2021). 
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1.2. Pathophysiology 

The dental plaque is a rich milieu, located at the gingival sulcus, with up to 500 

different bacterial species (Darveau, 2010). In the periodontium, the transition from 

health to disease occurs through a radical shift from a symbiotic (mostly of Gram-

positive facultative bacterial genera) to a dysbiotic microbial community (mainly 

anaerobic Gram-negative species) (Darveau, 2010; Hajishengallis, 2015; Marsh, 1994). 

This diversity may pose a clinical challenge for PT, being one among several reasons 

why conventional therapy is not entirely effective (Socransky & Haffajee, 2002). 

Histologically, the periodontium lacks a large mucous layer to prevent the contact 

between the microbial community and the epithelial cell surface. The junctional 

epithelium has desmosomes and gap junctions that contribute to its porosity, and in 

periodontitis an appropriate orchestrated response is needed against the dental plaque 

biofilm (Darveau, 2010; Meyle & Chapple, 2015). In this coordinated reaction, the  

expression of E-selectin, intercellular adhesion molecules and interleukin 8 (IL-8), 

promotes the passage of neutrophiles to the gingival crevice, where they form a barrier 

between the host tissue and the dental plaque biofilm (Darveau, 2010). 

Clinically, periodontitis is frequently associated with the progression of an instituted 

and untreated reversible gingivitis (Lang et al., 2009; Nibali, 2017). The biofilm 

accumulation favors the growth of particular bacterial species, such as Fusobacterium 

nucleatum or Porphyromonas gingivalis, capable of eliciting a more intense host 

response (Meyle & Chapple, 2015). As a consequence, a self-perpetuating cycle is 

established, where dysbiosis and inflammation underpin each other forming a positive 

feedback loop (Hajishengallis, 2015; Meyle & Chapple, 2015). 

A triad of oral anaerobic bacteria, Porphyromonas gingivalis, Treponema denticola and 

Tannarella forsythia (designated as the red complex), have been traditionally 

considered as the causal agent for periodontitis based on its virulence and robust 

association to worse periodontal states (Darveau, 2010; Hajishengallis, 2015). However, 

other complexes are involved in the periodontitis pathophysiology, where this condition 

results rather from a polymicrobial synergy and dysbiosis (Hajishengallis, 2015). 

Moreover, the pathogenic role of other microorganisms in periodontitis, such as viruses 

and amoebas is also emerging, either as primary agents of host immune cells or as co-
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infectors alongside with bacteria plotting to dysregulate host-defense system (Bao et al., 

2020; Meyle & Chapple, 2015). 

While bacteria play a primary role in the periodontal disease onset, risk factors (patient-

related factors) can impact the clinical presentation and progression of periodontitis 

(Heitz-Mayfield, 2005; Meyle & Chapple, 2015). 

 

1.3. Risk factors for periodontitis 

Several modifiable and non-modifiable risk factors have been suggested for 

periodontitis, and distinctive hallmarks may lead to different clinical manifestations 

(AlJehani, 2014; Genco & Borgnakke, 2013; Nazir, 2017; Stabholz et al., 2010; Van 

Dyke & Sheilesh, 2005).  

Dental plaque accumulation, the host immune system and specific destructive processes 

can jointly be considered periodontitis’ etiological factors, although neither microbial 

dysbiosis and dental plaque accumulation will solely develop periodontitis in prone 

hosts (Hajishengallis, 2015; Slots, 2017).  

Nevertheless, the host immune system plays an important role on the pathogenesis of 

periodontitis, not only is periodontitis associated with a dysregulated immune response, 

genetic predisposition can also influence periodontitis onset as most genes considered to 

be responsible for periodontitis are also linked with immune response (Ebersole et al., 

2016; Genco & Borgnakke, 2013; Hajishengallis, 2015; Stabholz et al., 2010; Van Dyke 

& Sheilesh, 2005).  

A widely studied example of host immune dysregulation and its effect on periodontitis 

is the diabetes mellitus link with periodontitis. The levels of IL-1, IL-6, prostaglandin 

E2 and tumor necrosis factor  (TNF-) are highly expressed in type 1 and 2 diabetes 

mellitus when compared with non-diabetic patients, resulting in higher tissue 

destruction and increasing the risk of periodontitis onset and progression (Genco & 

Borgnakke, 2013; Nascimento et al., 2018). Notwithstanding, PT revealed a positive 

impact on the metabolic control, reducing the Haemoglobin A1c levels and systemic 

inflammation (Baeza et al., 2020; D’Aiuto et al., 2018; Madianos & Koromantzos, 

2018). 
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Lifestyle habits, such as smoking, can also contribute to the dysregulation and increased 

risk for periodontitis onset and progression (Leite et al., 2018). Mechanistically, 

nicotine causes an increase in the TNF- levels present in crevicular fluid by patients’ 

macrophages contributing to connective tissue and periodontal bone destruction (Genco 

& Borgnakke, 2013). Also, the rise IL-1 and IL-6 levels lead to an increase bone 

resorption thru the upturn in the ratio between receptor activator of nuclear factor- 

ligand and its inhibitor osteoprotegerin (Leite et al., 2018). 

Furthermore, the dysregulation of the ubiquitin-proteosome system (UPS) is another 

conceivable factor for periodontitis, as the UPS exacerbation in the periodontium 

nurtures proteins destruction that can ultimately result in periodontium tissue 

destruction (Machado, Carvalho, et al., 2020). 

Other patient-related risk factors such as age, gender, obesity and metabolic syndrome, 

lifestyle habits (alcohol, oral hygiene), medication, stress, socioeconomic status and 

educational levels can contribute to dysregulate hosts immune system and increase the 

risk for periodontitis onset and progression (AlJehani, 2014; Eke et al., 2016; Genco & 

Borgnakke, 2013; Nazir, 2017; Stabholz et al., 2010).  

 

2. PERIODONTAL TREATMENT 

As presented, PT aims to eradicate the causal agents of periodontal disease to halt its 

progression and mitigate symptoms (Manresa et al., 2018). As well, PT serves to 

educate and guide patient’s behavior towards healthy periodontal lifestyle habits (De 

Wet et al., 2018; Graziani et al., 2017; Manresa et al., 2018; Slots, 2017). 

The clinical regimen of PT reveals to be effective and with good prognosis if early 

implemented (Renvert & Persson, 2016; Slots, 2017; Trombelli et al., 2015). 

Furthermore, oral health-related quality of life, an impactful patient-centered outcome 

(Fischer et al., 2020; Needleman et al., 2004), is deteriorated in periodontitis but is 

effectively restored after non-surgical PT (Botelho et al., 2020; Buset et al., 2016).  

Recently, Tonetti and Sanz (2019) proposed a new four-based steps algorithm to aid 

periodontal diagnosis method based on the new staging and grading of the 2018 case 

definition (Figure 2). Then, confirmed periodontal patients have to be informed about 

the diagnosis, risk factors, treatment alternatives and predicted risk and benefits 
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(including the option of not treating) as a key pre-requisite to initiate PT (Sanz et al., 

2020). 

 

Figure 2 | Algorithm for periodontal diagnosis. An algorithm proposed to aid periodontal diagnosis 

comprising 4 sequential steps, where (from left to right) the first step consist in identifying a potential 

patient with periodontitis, follow by the verification of periodontitis diagnosis. Thirdly, determine the 

stage of periodontitis and fourthly determine the grade of periodontitis (Tonetti & Sanz, 2019). 

A model for PT planning was suggested by Salvi et al. (2015) where four sequential 

phases of treatment should be progressively instituted, upon diagnosis of periodontitis 

(Figure 3). 

 

Figure 3 | Proposed model for the stages of PT. Proposed model for periodontal treatment, where different 

phases were gathered into a sequential procedure. Firstly, systemic phase aims to orientate patient behavior towards 

periodontal disease and eliminate or reduce the influence of systemic conditions. The second phase, called initial or 

cause-related phase, intent to reduce or eliminate calculus, supra- and subgingival biofilm. Corrective phase, the 

third, focuses on the non-responding areas from previous phase in a surgically approach. Finally, the PM phase, 

where periodontal stability is aimed, preventing the progression or reoccurrence of disease (Adapted from Salvi, 

Lindhe & Lang (2015)). 

Amid this proposed model, active PT (APT) comprises standard procedures that consist 

of oral hygiene instructions, removal of calculus and biofilm (Step 2 - initial or cause-
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related phase), with the use of adjunctive antimicrobials or surgical treatment if 

necessary (Step 3 - Corrective phase) (Loos & Needleman, 2020). This treatment 

modality is further introduced in the subsection 2.1. 

Other modalities of treatment can also be delivered in periodontitis cases, such as 

intensive PT (IPT), were a full-mouth disinfection protocol comprehending a 

subgingival debridement within 24 hours is performed (Quirynen et al., 1995). 

However, this modality causes a peak of serum IL-6, C-reactive protein and reactive 

oxide metabolites, as well as a decrease of soluble thrombomodulin that can affect 

negatively the systemic vascular endothelial function (D’Aiuto et al., 2010; Machado et 

al., 2021; Tonetti et al., 2007; Ushida et al., 2008). 

 

2.1. Active Periodontal Therapy 

To enable the patient to sustain its oral health APT aims to preserve teeth, to avoid 

disease reoccurrence, to decrease gingival inflammation, to reduce or eliminate 

deepened pockets and to restore periodontal attachment (Loos & Needleman, 2020; 

Pihlstrom, 1992). 

Several studies showed the effectiveness of APT in improving on periodontal clinical 

parameters, resulting in a reduction on the mean periodontal probing depth (PPD), 

average clinical attachment level, mean bleeding on probing and a reduction on tooth 

loss (Graetz et al., 2015, 2020; Graetz, Plaumann, et al., 2017; Graetz, Sälzer, et al., 

2017; Miller et al., 2017; Ramseier et al., 2019; Ramseier, Mirra, et al., 2015; Ravidà et 

al., 2019; Trombelli et al., 2015; Van der Weijden & Timmerman, 2002).  

Different treatment approaches can be applied within APT. Non-surgical PT (NSPT) 

consists of a subgingival debridement (manual and/or mechanic) with positive effects in 

both shallow (1-3 mm) and moderate pockets (4-6 mm) (Brayer et al., 1989; Caffesse et 

al., 1986; Cirino et al., 2019; Deas et al., 2016). However, not at sites/teeth respond 

equally to NSPT, as well as in deep pockets ( 6mm), thus surgical PT (SPT) can be a 

further alternative (Deas et al., 2016; Graziani et al., 2017). SPT was found to be 

equally efficiency as NSPT, although it was associated with higher risk of gingival 

recession (Cirino et al., 2019), and is usually considered the next clinical step when 

NSPT is not entirely effective as expected (Heitz-Mayfield & Lang, 2013; American 

Academy of Periodontology [AAP], 2011).  
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After the active stages of PT, a PM stage follows in order to adequately monitor the 

progression of periodontitis. 

 

2.2. Periodontal maintenance 

Periodontal maintenance (PM), formerly referred as supportive PT, comprehends a 

systematic personalized visit program according to the patient- and tooth-related factors 

(AAP, 2001; Lang & Tonetti, 2003). 

Maintenance procedures typically include a medical and dental history update, 

periodontal reevaluation, radiography review, removal of the bacterial flora from 

crevicular and pocket areas, scaling and root planing where indicated and, if necessary, 

polishing of the teeth and a reassessment of patient plaque control efficacy (AAP, 

2001).    

Additionally, PM aims to reduce the reoccurrence of periodontitis through periodic 

preventive interventions, as periodontal patients have a higher risk of future episodes of 

disease, usually affecting the same sites (Armitage & Xenoudi, 2016; Echeverría et al., 

1996; Fardal et al., 2004; Hirschfeld & Wasserman, 1978; Lang & Tonetti, 2003; 

Manresa et al., 2018; Tonetti et al., 1998, 2000; Wood et al., 1989). These objectives are 

reached by preventing the reoccurrence of periodontal disease in previously treated 

patients, tooth loss incidence and identifying and treating other oral conditions found in 

a timely way (American Academy of Periodontology [AAP], 1998; Manresa et al., 

2018). 

When assessing the effectiveness of PM, several studies demonstrate that frequent recall 

visits contributed to reducing tooth loss by patients over time, loss of periodontal 

support, clinical progression and the need of retreatment (Albuquerque et al., 2018; L. 

Chambrone et al., 2010; Goh et al., 2017; Kim et al., 2014; Miyamoto et al., 2010; Ng et 

al., 2011). In addition, tooth loss experience is prone to occur in a reduced group of 

high-risk patients (L. A. Chambrone & Chambrone, 2006). 

Time interval between PM recall visits should be determined taking into account the 

overall risk profile and the expected benefit for the patient (Lang & Tonetti, 2003; 

Manresa et al., 2018). This is based on multiple clinical conditions that should be 

collectively considered, thus attempting to predict periodontitis progression and tooth 

loss in treated patients (Lang & Tonetti, 2003; Lang et al., 2015; Manresa et al., 2018). 
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The Periodontal Risk Assessment for patients in PM is based on six specific parameters 

defined by Lang and Tonetti (2003): “1) percentage of bleeding on probing, 2) 

prevalence of residual pockets greater than 4mm ( 5mm), 3) loss of teeth from a total 

of 28 teeth, 4) loss of periodontal support in relation to the patient’s age, 5) systemic 

and genetic conditions, and 6) environmental factors, such as smoking, each of these 

parameters is evaluated on a low, medium or high-risk scale”. The comprehensive 

analysis of the formed diagram will determine the individualized risk profile and 

establish the periodicity of PM visits (Lang & Tonetti, 2003).  

 

Figure 4 | Periodontal Risk Assessment diagram. This hexagonal diagram provides the patient’s risk for 

progression or reoccurrence of periodontitis. Each risk factor is represented in one vector of the diagram, and all risk 

factors must be assessed together. (Adapted from Lang, 2003). BOP – Bleeding on Probing; PD – Probing Depth; BL 

– Bone Loss; Syst. – Systemic; Gen – Genetic; Envir. – Environmental. 

 

The clinical outcomes achieved during PM appear to be influenced by patients-related 

factors, such as smoking and diabetes, and tooth-related factors, as the type of tooth and 

arch location (Albuquerque et al., 2018; Bäumer et al., 2011; L. Chambrone et al., 2010; 

L. A. Chambrone & Chambrone, 2006; Dannewitz et al., 2016; De Beule et al., 2017; 
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De Wet et al., 2018; Díaz-Faes et al., 2016; Fardal et al., 2016; Goh et al., 2017; 

Johansson et al., 2013; König et al., 2002; Miyamoto et al., 2010; Nibali et al., 2017, 

2018; Pretzl et al., 2018; Ravald & Johansson, 2012). Patient’s compliance trough PM 

programs is also an influential factor to PM efficacy as it is associated with less risk of 

tooth loss (Eickholz et al., 2008; Kim et al., 2014; Needleman et al., 2018). 

In 2010, L. Chambrone et al. (2010) showed that inadequate plaque control, age, 

gender, initial attachment loss, presence of furcation involvement, baseline tooth 

mobility and tobacco smoking were positively associated with tooth loss during PM (L. 

Chambrone et al., 2010). A more recent review analyzed twelve different predictors for 

tooth loss in periodontitis patients, categorized as patient-level (age, non-compliance, 

smoking, diabetes, IL-1 polymorphism) and tooth-level factors (bone loss, deep 

pockets, severe mobility, furcation involvement and molar teeth) that could contribute 

towards tooth loss during PM (Helal et al., 2019). 

 

2.3. Risk factors for tooth loss during PM 

From a clinical point of view, periodontal stability relies on a balanced symbiotic 

relationship between dental plaque and the host immune system (Lang & Tonetti, 

2003). Therefore, the diagnostic process must bear a continuous multilevel evaluation of 

the risk profile. Risk factors (patient-, tooth-, and site-related) can alter the path of PT as 

this should be considered to prevent the reoccurrence of periodontal disease progression 

(Lang & Tonetti, 2003). 

Regarding patient-related factors, patients’ compliance (Ravald & Johansson, 2012; 

Saminsky et al., 2015), prevalence of residual pockets >4 mm (De Beule et al., 2017), 

loss of periodontal support in relation to the patient’s age (Nibali et al., 2017, 2018), 

loss of teeth from a total of 28 teeth (Ravald & Johansson, 2012), smoking (Graetz, 

Plaumann, et al., 2017; Graetz, Sälzer, et al., 2017; Ravald & Johansson, 2012) and 

systemic conditions (L. Chambrone et al., 2010) were considered as predictors for tooth 

loss during PM. 

Other factors, such as tooth-related factors, must be taken into consideration, as can be 

associated with tooth loss. Tooth position in the arch (De Beule et al., 2017; Graetz et 

al., 2015; Graetz, Sälzer, et al., 2017), furcation involvement (Graetz et al., 2015; 

Graetz, Sälzer, et al., 2017; Johansson et al., 2013; Nibali et al., 2017, 2018), residual 
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bone support (Graetz et al., 2015; Graetz, Plaumann, et al., 2017; Miyamoto et al., 

2010; Nibali et al., 2018), tooth mobility (Ekuni et al., 2009; Graetz et al., 2015) and 

type of tooth (single or multi-rooted) can increase the risk of tooth loss during PM. 

Also, site-related factors, as probing depth, suppuration and bleeding on probing are 

also linked with gained risk for tooth loss (De Beule et al., 2017; Miyamoto et al., 2010; 

Seirafi et al., 2014). 

All in all, appraising the risk factors associated with tooth loss during PM still stands 

out to be of high relevance and to be continuously explored. 
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3. AIMS 

Therefore, we aimed to update the previous version of L. Chambrone et al. (2010) 

systematic review by revisiting potential predictors of tooth loss among patients who 

underwent APT and long-term PM. Thus, the following PECO(T) question was 

proposed to be answered: “What local and systemic risk factors are associated with 

tooth loss during long-term PM?”, with the following statements: 

• P (Population): Patients with periodontitis and local or systemic risk factors who 

suffer tooth loss 

• E (Exposure): Local or systemic risk factors 

• C (Comparison): Patients with periodontitis without local or systemic risk 

factors who suffer tooth loss 

• O (Outcomes): Tooth Loss 

• T (Timing): During long-term PM of, at least, 5 years 
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II. PREDICTORS OF TOOTH LOSS DURING LONG-TERM PERIODONTAL 

MAINTENANCE: AN UPDATED SYSTEMATIC REVIEW 

This chapter is adapted from: 

Carvalho, R., Botelho, J., Machado, V., Mascarenhas, P., Alcoforado, G., Mendes, J.J. 

and Chambrone, L. (2021), Predictors of tooth loss during long-term periodontal 

maintenance: An updated systematic review. J Clin Periodontol, 48: 1019-

1036. https://doi.org/10.1111/jcpe.13488 

This paper has a Copyright Permission appended as Appendix 1.  
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III. DISCUSSION 

 

In the present systematic review, we aimed to identify predictors on tooth loss during 

long-term PM, updating the results of the original systematic review by L. Chambrone 

et al. (2010). Overall, each patient undergoing regular long-term PM may lose 0.1-0.2 

teeth per year. Although findings point to one tooth lost every ten years, most patients 

did not experience dental extractions during PM. This clinical event is restricted to a 

particular group of treated patients, as previously confirmed in the first version of this 

review (L. Chambrone et al., 2010). 

Foreseeing the onset and progression of periodontitis is pertinent when planning the 

course of PT (Helal et al., 2019). In this sense, several prediction models for these ends 

have been recently reviewed (Du et al., 2018), and a recent model has been validated for 

early tooth loss after periodontal diagnosis in the Egas Moniz Dental Clinic (Santos et 

al., 2021). 

Concerning such predictors, patient-related factors (age, gender, active smoking, and 

compliance with PM regiment) and tooth-related factors (tooth type, tooth location, 

baseline PPD, presence of furcation involvement and baseline mobility) were 

considered risk factors for tooth loss by individual studies (Albuquerque et al., 2018; L. 

A. Chambrone & Chambrone, 2006; Costa et al., 2014; De Beule et al., 2017; De Wet et 

al., 2018; Eickholz et al., 2008; Ekuni et al., 2009; Fardal et al., 2004; Graetz, Sälzer, et 

al., 2017; Graetz et al., 2011, 2015; Graetz, Plaumann, et al., 2017; Hirschfeld & 

Wasserman, 1978; Jansson & Lagervall, 2008; Johansson et al., 2013; Kim et al., 2014; 

König et al., 2002; Leininger et al., 2010; Matthews et al., 2001; McFall, 1982; 

McGuire, 1991; McLeod et al., 1997; Meyer-Bäumer et al., 2012; Miyamoto et al., 

2010; Ng et al., 2011; Nibali et al., 2017, 2018; Papantonopoulos, 2004; Pretzl et al., 

2008; Preus et al., 2017; Ravald & Johansson, 2012; Saminsky et al., 2015; Seirafi et 

al., 2014; Tsami et al., 2009; Wood et al., 1989). In line with previous studies (L. 

Chambrone et al., 2010; Helal et al., 2019), smoking was also confirmed as a risk factor, 

despite the variability data found in individual studies. Diabetes was further confirmed 

as a risk factor for tooth loss during PM from prospective trials data in the updated 

version. 
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Interestingly, the type of periodontitis (aggressive, chronic, undefined, or overall 

periodontitis) did not demonstrate significance with tooth loss. However, the number of 

studies regarding aggressive periodontitis was too small to reach a definitive 

conclusion. Hence, it was not possible to determine the real influence on tooth loss 

during PM considering the periodontitis progression. An updated classification scheme 

for periodontal and peri-implant diseases and conditions was developed by a joint 

commission of the American Academy of Periodontology and the European Federation 

of Periodontology in 2018, now allowing staging and grading of periodontitis 

(Armitage, 1999; Caton et al., 2018; Lamont et al., 2018). We emphasize that the 

“aggressive periodontitis” term was abandoned in this new case definition, and this may 

difficult the clarification of the type of periodontitis in tooth loss. Henceforth, we 

foresee reframing into the new staging and grading scheme regarding future studies on 

tooth loss. 

Also, molars were more prone to be lost during PM (L. A. Chambrone & Chambrone, 

2006; De Wet et al., 2018; Johansson et al., 2013; Miyamoto et al., 2010; Nibali et al., 

2017, 2018; Ravald & Johansson, 2012). These results can be explained due to 

anatomical and disease progression characteristics (Heitz-Mayfield, 2005; Heitz-

Mayfield et al., 2002; Huynh-Ba et al., 2009). Moreover, upper teeth demonstrated a 

higher risk of tooth loss (De Beule et al., 2017; De Wet et al., 2018; Tsami et al., 2009; 

Wood et al., 1989), being in line with previous evidence (L. Chambrone et al., 2010; 

Helal et al., 2019).  

Regarding the setting of practice, we did not find difference between private- and 

university-based trials, even though university-based studies reported an average of 0.10 

tooth loss per patient per year (95% CI: 0.06-0.14, p < 0.001) comparing to 0.08 (95% 

CI: 0.04-0.12, p < 0.001) in private-based studies. These results fully comply with the 

first systematic review (L. Chambrone et al., 2010), where university-based studies 

reported higher mean of tooth loss per patient when compared to private practice (1.8 

teeth per patient vs 1.4 teeth per patient, respectively). 

Compliance was not evaluated in this review as the aim was to assess risk factors for 

tooth loss among regular periodontal patients. Nevertheless, several studies reported an 

increased risk for tooth loss in non-compliant patients (Eickholz et al., 2008; Helal et 

al., 2019; Kim et al., 2014; Needleman et al., 2018). 
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Moreover, most studies reported similar protocols when approaching PM visits based 

on oral hygiene instructions and motivation, scaling and root planing, tooth polish, 

application of fluoride gel and periodontal surgery, if applied. Although, this variability 

represents a source of heterogeneity, as the results from surgical procedures performed 

before 1956 (Hirschfeld & Wasserman, 1978) cannot be compared with contemporary 

studies. 

An improvement in methodological quality was verified by the risk of bias evaluation, 

as only 8 studies were of moderate risk of bias and the remaining were considered as of 

high methodological quality. This improvement may enhance the results validity, 

sensitivity analyses did not demonstrate an influence by the methodological quality.  

Furthermore, the analysis on local and systemic factors influencing tooth loss (through 

meta-regressions) did not support an impact of effect size, however, studies only 

reporting baseline statuses instead of the progression of the patient’s status might have 

more research interest. 

Also, only three prospective studies were found eligible for this review and may pose an 

important methodological weakness to the validity of this study (L. Chambrone et al., 

2009, 2010; Needleman, 2002; Needleman et al., 2005), however meta-analytical 

synthesis did not find any significant difference between study designs. Nevertheless, 

we emphasize the need for more prospective trials of long-term follow-up. 

On the one hand, it is important to discuss the strengths of this study. This review 

included twenty-three new studies, and an additional number of 45,269 teeth, which 

represented an increase of 52.2% from the previous study, and 2845 new patients. 

Additionally, sensitivity analyses exploring the impact of retrospective data versus 

prospective data allow to assess the results according to the study design and type of 

periodontitis. Meta-analysis on prospective trials regarding mean tooth loss, percentage 

of tooth loss and diabetes impact were included, where both smoking and diabetes were 

identified as significant factors towards tooth loss during long-term PM. Also, private-

based, and university-based practices both demonstrate a positive effect in preventing 

tooth loss during PM. 
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On the other hand, some limitations must be outlined. The Newcastle-Ottawa Scale was 

initially developed to assess the risk of bias in case-control and prospective cohort 

studies, this scale was adapted by the previous review (L. Chambrone et al., 2010) to 

evaluate case series studies as most available information remains from retrospective 

studies. This, associated with high heterogeneity among studies, may represent a 

limitation for the outcomes of this study, as in these studies, the inclusion of patients is 

greatly selected. Furthermore, case definitions of periodontitis and PM follow-up period 

interval were not standardized, and direct comparisons were not allowed. Concerning 

retrospective studies, no overall value was expose in graphical estimates to clarify the 

difference of tooth loss in line to the tooth type (molar vs non-molar) and arch (maxilla 

vs mandible). Thereby all the estimates shall be heeded when interpreting the outcomes 

of this study. A 5-year minimum follow-up was maintained form the original review as 

it contributes to reduce heterogeneity strengthens these results considering, although, 

the risk of excluding data from suitable studies to perform meta-analysis. 

Only one randomized-controlled trial (RCT) was published since the first review, and 

although RCTs remain as high-quality studies, ethical issues arise from the use of 

placebo aiming to produce no therapeutic effect, as future RCTs may only compare 

different treatment modalities. Consequently, non-randomize studies will continue to be 

the trend. Ultimately, eight studies approached the concept of tooth prognosis (L. A. 

Chambrone & Chambrone, 2006; Eickholz et al., 2008; Ekuni et al., 2009; Graetz et al., 

2011; Hirschfeld & Wasserman, 1978; Kim et al., 2014; McLeod et al., 1997; Pretzl et 

al., 2008; Wood et al., 1989) as the initial tooth prognosis seems to be a difficult 

parameter to be compared between studies. Also, the term “hopeless tooth” is 

considered, to some extent, imprecise and has been disused in recently studies, with 

only three studies, since 2009, have implemented it (Ekuni et al., 2009; Graetz et al., 

2011; Kim et al., 2014).   
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IV. CONCLUSION 

 

Long-term PM was associated to an average loss of 0.1-0.2 tooth per patient per year. 

However, most patients did not experience tooth loss during PM. 

Patient-related (age, gender, active smoking, compliance regarding PM and diabetes) 

and tooth-related factors (tooth type, tooth location, baseline PPD, presence of furcation 

involvement and baseline mobility) favors tooth loss during long-term PM.  
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V. FUTURE PRESPECTIVES 

 

This updated systematic review provided estimates mainly from retrospective studies. 

Case-control studies reporting results of daily practice may be of interest as well with, at 

least, a prospective point of view. For this reason, well-designed prospective cohort 

studies are required to validate which predictors are proven risk factors for tooth loss 

during PM.  

Also, these studies should focus on subgroup analysis according to the periodontitis 

diagnosis and influence of systemic conditions (e.g., diabetes, smoking and other 

relevant conditions) to the rate of tooth loss during regular PM. In all, these will allow 

more accurate evaluations and future comparisons in subsequent studies.  

The 2018 periodontitis case definition (Tonetti et al., 2018) shall be employed to 

improve standardization within studies. Also, baseline periodontal clinical variables 

were poorly reported and precluded additional analysis to understand the impact of the 

baseline status, and this should be further explored. 
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