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Is there a safe dental plaque index to prevent periodontal diseases related to plaque? 

A systematic review and meta-analysis. 

Existe um índice de placa ideal para prevenir as doenças periodontais relacionadas à placa? 

Revisão sistemática e metanálise. 

¿Existe un índice de placa dental seguro para prevenir la enfermedad periodontal relacionada con 

la placa? Revisión Sistemática y metanálisis. 
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Abstract 

Periodontitis is a chronic multifactorial inflammatory disease associated with a dysbiotic biofilm and characterized by 

progressive destruction of the tooth-supporting apparatus. This systematic review aimed to establish the quantitative 

association between dental plaque index and plaque-induced periodontal outcomes, as well as, clinical plaque index 

(PI) cut-off points. MEDLINE electronic searches were performed with at least two outcomes (healthy, G or P). 124 

articles met the eligibility criteria and were included in meta‐analysis. Healthy (H) group had a PI three times lower 

than G group (ROM 3.21; 95% CI 2.35-4.39) and P group (ROM 3.34; 95% CI 2.97-3.76); P group had 32% higher PI 

than G group (ROM 1.32; 95% CI 1.15-1.50). The meta‐analyses of different PI (Silness and Löe, PI-SL; and 

percentage of faces, PI-%), PI-SL H group (MRAW 0.52) differed from G group (MRAW 1.58) and P group (MRAW 

1.83) although it was not possible to distinguish the G group (95% CI 1.28-1.89) from the P group (95% CI 1.67-

1.98). This was also observed in the PI-% (MRAW 22% H, MRAW 68% G and P group). PI was able to distinguish 

periodontal health individuals from whom with periodontal conditions associated with plaque. This systematic review 

proposes the following PI values cutoff points: H group lower than 0.7 (PI-SL), 30% (PI-%); G group 0.7 to 1.6 (PI-

SL) or 31% to 60% (PI-%); and P group up to 1.6 (PI-SL) or 60% (PI-%). The results have clinical application on 

health promotion and disease prevention through population-based interventions. 

Keywords: Dental plaque index; Gingivitis; Chronic periodontitis; Systematic review; Health promotion. 

 

Resumo  

Periodontite é uma doença inflamatória crônica multifatorial, associada ao biofilme disbiótico e caracterizada pela 

destruição progressiva da estrutura de suporte dental. O objetivo dessa revisão sistemática foi estabelecer a associação 

quantitativa entre o índice de placa e os diferentes desfechos periodontais associados à placa, assim como estabelecer 

os pontos de corte do índice de placa (IP). Foram realizadas buscas eletrônicas no Medline com pelo menos dois 

desfechos periodontais (saudável - H, gengivite - G e periodontite - P). 124 estudos foram incluídos. O grupo H 

apresentou um IP três vezes menor que o G (ROM 3.21; IC95% 2.35-4.39) e o grupo P (ROM 3.34; IC95% 2.97-
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3.76). P teve um IP 32 % maior que o grupo G (ROM 1.32; IC95 %: 1.15-1.50). Nas meta-análises dos diferentes IP 

(Silness & Löe, PI-SL e porcentagem de faces, PI-%), o grupo IP-SL H (MRAW=0.52) diferenciou-se dos grupos G 

(MRAW=1.58) e P (MRAW=1.83), porém não foi possível distinguir os grupos G (IC95% 1.28-1.89) e P (IC95% 

1.67-1.98). O mesmo foi observado no IP-% (grupo H MRAW=22%, MRAW=68% grupos G e P). O IP foi capaz de 

distinguir os desfechos sem doença e com doença periodontal associada a placa, propondo os seguintes pontos de 

corte: IP grupo H inferior a 0,7 ou 30 %; grupo G entre 0,7 e 1,6 ou 31% e 60%; e grupo P maior que 1,6 ou 60%. 

Esses resultados permitem a aplicação clínica na promoção da saúde e prevenção da doença periodontal através de 

intervenções de base populacional. 

Palavras-chave: Índice de placa dentária; Gengivite; Periodontite crônica; Revisão sistemática; Promoção da saúde. 

 

Resumen  

Periodontitis es una enfermedad inflamatoria crónica multifactorial asociada a biopelícula disbiótica y caracterizada 

por la destrucción progresiva de las estructuras de soporte dental. Esta revisión sistemática tuvo como objetivo 

establecer la asociación cuantitativa entre el índice de placa y los resultados periodontales inducidos por la placa, así 

como los puntos de corte del índice de placa (IP). Se realizaron búsquedas electrónicas en MEDLINE, con al menos 

dos resultados (salud – H, gingivitis – G o periodontitis –P group). 124 se incluyeron en la metanálisis. El grupo H 

tuvo un IP tres veces menor que G (ROM 3.21; IC95% 2.35-4.39) y grupo P (ROM 3.34; IC95% 2.97-3.76). P tuvo 

un IP 32 % más alto que G (ROM 1.32; IC95 %: 1.15-1.50). Em las metanálisis de diferentes IP (Silness y Löe, PI-

SL; y porcentaje de rostros, PI-%), grupo IP-SL H (MRAW=0.52) diferían del G (MRAW=1.58) y grupo P 

(MRAW=1.83) aunque no fue posible distinguir G (IC95% 1.28-1.89) del grupo P (IC95% 1.67-1.98). El mismo 

observó en el IP-% (grupo H MRAW=22%, MRAW=68% grupos G y P). IP pudo distinguir a los individuos con 

buena salud periodontal de los que tenían condiciones periodontales. Esta revisión sistemática propone los siguientes 

puntos de corte: grupo H inferior a 0,7 (PI-SL), 30 % (PI-%); grupo G 0,7 a 1,6 (PI-SL) o 31% a 60% (PI-%); y grupo 

P hasta 1,6 (PI-SL) o 60% (PI-%). Los resultados tienen aplicación clínica en la promoción de la salud y la prevención 

de enfermedades a través de intervenciones basadas en la población. 

Palabras clave: Índice de placa dental; Gingivitis; Periodontitis crónica; Revisión sistemática; Promoción de la salud. 

 

1. Introduction 

Periodontal diseases and caries are highly prevalent worldwide. Both, cause tooth loss, are preventable and remains a 

major public health problem. Although both diseases are multifactorial, the dental biofilm is a major biological determinant 

common to the development of the two diseases. Thus, prevention and management of caries and periodontal diseases is based 

on biofilm removal through self-performed dental plaque control (van der Weijden & Hioe, 2005). Periodontitis is 

characterized by microbial‐associated, host‐mediated inflammation that results in loss of periodontal attachment. The bacterial 

biofilm initiates gingival inflammation; however, periodontitis initiation and progression depend on dysbiotic ecological 

changes (Tonetti et al., 2018). Gingivitis is an inflammatory condition, site-specific and caused due to the accumulation of 

dental biofilm. It is characterized by edema and gingival redness, without loss of attachment. When compared to periodontitis, 

plaque-induced gingivitis is completely reversible once the dental biofilm is removed and adequate hygiene measures are 

implemented (Trombelli et al., 2018). 

Plaque quantification indices are frequently used to measure oral hygiene and there are several techniques to assess 

the amount of dental biofilm. The Visible Plaque Index (PI-%) was proposed by Ainamo and Bay (1975) to assess the quality 

of oral hygiene through clinical observation of the presence of biofilm on dental surfaces by means of simple categorical 

definitions (presence or absence of plaque). The measurement of the state of oral hygiene by Silness and Löe (1964) (PI-SL) is 

given a score from 0-3 according presence both soft debris and mineralized deposits.  

Careful diagnosis, elimination of the causes and reduction of modifiable risk factors are paramount for successful 

prevention and treatment of periodontitis, periodontal evaluation, treatment and maintenance therapy should analyze the 

following: (a) presence of dental biofilm; (b) presence of periodontal destruction; (c) clinical history (anamnesis); and (d) 

presence of systemic conditions (modifying factors of periodontal disease) (Kwon et al., 2021). 

Given the lack of a quantitative investigation focused on dental plaque index (PI) and periodontal diseases, this 

systematic review aims to establish the relationship between the amount of dental biofilm (represented and clinically measured 
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through plaque index), and the periodontal condition (healthy, gingivitis and periodontitis) in adult individuals without 

interference from other periodontal disease modifying factors. 

 

2. Methodology 

The Preferred Reporting Items for Systematic reviews and Meta‐Analyses (PRISMA 2020 Statement) guidelines for 

conducting a meta‐analysis were followed and the study was registered in the PROSPERO database under protocol code 

CRD42020180333. 

The current review addresses clearly a focused question by using the participant, exposure, comparison, and outcomes 

(PECO) criteria (Richardson et al., 1995). The guiding question was “Is there a quantitative relationship between dental plaque 

index and periodontal condition in adults?” The exposure was PI, comparator were, another periodontal parameter; outcomes 

were periodontal health (H), gingivitis (G) and periodontitis (P). 

Studies were identified from Medline database, searched from May 2020 to May 2021, using standardized 

methodological filters. Search strategies were mainly constructed based on the primary objective with two domains (i.e. 

periodontitis OR gingivitis), AND (‘dental plaque’ OR ‘plaque index’ OR ‘oral hygiene index’ OR ‘plaque score’). A filter 

was used to include only adult studies. No restrictions were made on language or design of the study. Only studies after 1999 

Consensus Classification of Periodontal Diseases were included. 

Titles, abstracts, and full text were independently analyzed for eligibility by two review authors (C.L.A. and 

L.R.V.S.), and in case of disagreement between them, a third reviewer was consulted to make the final decision (C.G.A). 

 

Eligibility Criteria 

Studies were selected based on the PECO question including periodontal disease, gingivitis, oral hygiene, oral health 

and oral effects. The exclusion criteria applied in the full-text analysis were studies including under 18 years old, smokers, and 

other comorbidities, studies without at least two groups data (healthy, gingivitis or periodontitis) and two different index. The 

severity of gingival inflammation (represented and measured clinically by the gingival index, GI, and bleeding on probing, 

BOP) and the amount of periodontal breakdown (represented by probing of depth, PD and clinical attachment level, CAL); 

will be also evaluated, considering that they are the benchmark diagnostic parameters of periodontal disease. 

Studies about periodontal diseases unrelated to dental biofilm (rapid progression periodontitis, acute periodontitis, 

juvenile periodontitis, necrotizing periodontitis and drug-induced gingival hyperplasia) and studies with conditions that could 

interfere with plaque index (dental implants, orthodontic appliance, dental prosthesis and root caries), were also excluded. 

 

Data Extraction 

To summarize the main findings, the following data were extracted from the included articles: authors and year, 

country, study design, characteristics of the sample (size, age, sex, statistical unit, examiner and study group); evaluation 

method (from periodontitis, gingivitis and healthy diagnosis; PI and GI technique), and results (periodontitis group, gingivitis 

group and control group for PI, GI, BOP, PD and CAL).  

The data showed as median, interquartile range or minimum and maximum; were transformed to mean and standard 

deviation following the recommendations of Wan et al. (2014) and Hozo et al. (2005). It was used the average of the 

deviations from each outcome, in case of standard deviation non-availability. In longitudinal studies, only baseline data was 

collected. 
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Risk of Bias Assessment 

Predefined templates based on the Cochrane approach were used to assess the risk of bias in the included studies. The 

bias was assessed using ROBINS-E (Risk Of Bias In Non-randomized Studies of Exposures) for observational studies, 

whereas ROBINS-I (Risk Of Bias In Non-randomized Studies of Interventions) for intervention studies; which considers seven 

domains for one overall bias. 

The assessment tools were piloted and tested, and the risk of bias of the first 3 included studies was assessed by 2 

independent researchers (C.L.A. and L.R.V.S) to ensure consistency and quality. One researcher (C.L.A.) evaluated the risk of 

bias of the other studies. Discrepancies in the assessment were resolved by a third researcher (C.G.A). 

 

Data Analysis 

The meta-analysis were performed using RStudio software (meta package version 4.9-6) and evaluated according to 

the effect of the random model, to better distribute the weight between the studies and adjust to the normal sample distribution 

(Borenstein et al., 2010). Meta-regression subgroup analysis was performed to explore a potential source of heterogeneity in 

the general meta-analysis model. 

The meta-analysis to assess the relationship between PI and outcome was performed based on the ratio of means 

between the two different outcomes. For PI evaluation with more than five studies, a meta-analysis was also performed, using 

means and standard deviations for each outcome; in order to assess the possible relationship between periodontal condition and 

different types of PI. Similarly, for other periodontal parameters, were used the values of means and standard deviations for 

each outcome. 

 

3. Results 

The initial search retrieved 6,156 articles. After screening titles and abstracts, 4,156 were selected for further 

assessment. After full-text examination, 124 articles fulfilled the inclusion criteria and were included in the systematic review 

and quantitative/qualitative synthesis (Figure 1), representing a total of 6,157 individuals. 

 

Figure 1. Flow diagram selection process for studies included in this systematic review and meta-analysis. 

 

Source: The Authors. 
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Of the 124 studies included (table 1), 81 were cross-sectional, 39 interventional and 4 longitudinal. The studies have 

been conducted in 22 different countries, with the majority conducted in Turkey (n=48). Most studies aimed to periodontal 

diagnose (73%) mainly related to salivary and gingival crevicular fluid biomarkers, 25% (n=31) periodontal treatment effects 

and 2% (n=2) periodontal diseases prevention. Sample size ranged from 11 to 227. The age of individuals in the studies ranged 

from 18 to 75 years. The most used measures of periodontal disease were PD (n = 110), CAL (n = 97), BOP (n = 62), and Löe 

and Silness gingival index (1963) (GI-LS) (n = 67). The most used plaque indexes PI-SL (n= 77), PI-% (n= 25), and Quigley-

Hein (1962) (Türkoğlu et al.,2009 ; Türkoğlu et al.,2010; Türkoğlu et al.,2011; Becerik et al.,2011; Eren et al.,2016). 

One study used the simplified oral hygiene index of Greene and Vermillion (1964) (Surna et al., 2009), two studies 

were Quigley-Hein modified by Turesky et al (1970) (Teles et al., 2012; Becerik et al.,2017) and 14 studies did not describe 

the plaque index method (Özmeriç et al., 2000; Mariggio et al.,2001; Pinho et al.,2009; Chen et al., 2010; Qi et al., 2013; 

Deepika & Saxena, 2013; Banu et al., 2015; Roberts et al., 2015; Muthu et al., 2015; To et al., 2015; Ishizuka et al., 2017; 

Mahajani et al., 2017; Balci Yuce et al., 2018; Laddha et al., 2018). Half of the studies carried out a full mouth analysis for PI 

evaluation, 29 evaluated only some teeth (index teeth) and 33 did not present information on the number of teeth analyzed. 

Only six studies used the site, not the patient, as the unit of analysis (To et al., 2015; Ishizuka et al., 2017; Vinayak & 

VandanaIndian, 2007; Fujita et al., 2012; Khongkhunthian et al., 2014; Chen et al., 2016). Most studies (n = 111) had a low or 

moderate risk of bias; 13 studies were serious or critical risk of bias (Türkoğlu et al.,2011; Pinho et al.,2009; Laddha et al., 

2018; Vinayak & VandanaIndian, 2007; Buduneli et al., 2006; Tamaki et al., 2009; Konopka et al., 2012; Akpinar et al., 2013; 

Gokhale et al., 2013; Gokhale et al., 2014; Jaradat et al., 2013; Özdemir et al., 2016; Gamel et al., 2017). 108 studies 

described data collection through a calibrated examiner or a periodontist, 16 studies there was no information about the 

examiner (Surna et al., 2009; Özmeriç et al., 2000; Mariggio et al.,2001; Roberts et al., 2015; Fujita et al., 2012; Tamaki et 

al., 2009; Kerdvongbundit et al., 2003; Airila-Mansson et al., 2005; Pejcic et al., 2012; Swaminathan et al., 2013; Wang et al., 

2013; Özcan et al., 2015; Haytural et al., 2015; Cifcibasi et al., 2015; Lihala et al., 2019; Gharbi et al., 2019). 

The comparison between P group also have a significant higher PI than H group (ROM 3.34; 95% CI 2.97-3.76; 

p<0.0001), as shown in figure 2. The combined estimates of the association between PI and the groups H and G are presented 

in figure 3 (ROM 3.21; 95% CI 2.35-4.39; p=0). High heterogeneity was found on both meta-analysis, so the random model 

was used. For the periodontitis outcome, G group had 32% higher PI than P group (ROM 1.32; 95% CI 1.15-1.50; p<0.01) 

(Türkoğlu et al.,2009 ; Türkoğlu et al.,2010; Becerik et al.,2011; Surna et al., 2009; Becerik et al., 2017; Khongkhunthian et 

al., 2014; Gokhale et al., 2013; Özcan et al., 2015; Lihala et al., 2019; Zheng et al., 2006; Ay et al., 2012; Pereira et al., 2013; 

Papathanasiou et al., 2014; Keles et al., 2014; Khongkhunthian et al., 2013; Kurşunlu et al., 2015; Hendek et al., 2015; 

Köseoğlu et al., 2015; Atabay et al., 2017; Öztürk et al., 2016; Martinez et al., 2017; Wei et al., 2004; Tezel et al., 2005; 

Emingil G et al., 2006; İlgenli et al., 2006; Ertugrul et al., 2013a; Yang et al., 2018; Nimcharoen et al., 2019; Taşdemir et al., 

2020; Ertugrul et al., 2013b). 

The analysis revealed significant heterogeneity across studies. According to the adjusted meta‐regression analysis, 

periodontal condition explained 71% (p <0.001) of the global heterogeneity. Despite that, the remaining heterogeneity could 

not be explained by the explored covariates (study design, objective and number of teeth evaluated), therefore the model has 

not been able to reduce heterogeneity or fully explain it. 

Regarding the number of teeth in PI evaluation, half of the studies used full-mouth analysis, 29 partial examination 

(index teeth) and for 33 studies the type of examination were not available. Some studies (n=16) presented both types of teeth 

examination (full-mouth and parcial) and were included in meta-analysis the PI data of all groups presented (H, G and/or P). 

The result for the random effect model (ROM 0.97; 95% CI 0.87-1.08) showed that even with combined studies (p=0.56) and 

by groups (p = 0.24), there are no significantly difference between the two types of examination. 
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Table 1. Overview of the studies included in the systematic review (n=124). 

Autor, Year 

Objectiv

e/ Study 

Design 

Data 

Collection 
Diagnose Criteria Autor, Year 

Objectiv

e/ Study 

Design 

Data 

Collection 
Diagnose Criteria 

Airila-Mansson et al.,2005  D/L FM PD Kurşunlu et al., 2015 D/C FM/ST PD/GI/RAL/CAL/AL 
Akalin et al., 2005 D/C ST 1999 Classification 

ofPeriodontal Diseases 

Kurtiş et al., 2005 D/C ST PD 
Akpinar et al., 2013 T/I ST PD/GI/CAL Laddha et al., 2018 D/C NI NI 
Anovazzi et al., 2013 T/I FM/ST PD/GI/CAL Lakshmanan et al., 2014 D/C FM/ST 1999 Classification 

ofPeriodontal Diseases 
Atabay et al., 2017 D/C FM/ST PD/GI/CAL/AL Leite et al., 2019 T/I FM/ST OH/GI/PD/CAL 
Ay et al., 2009 D/C FM/ST PD/CAL/RAL 

ofPeriodontal Diseases 

Lihala et al., 2019 T/I NI GI/CAL 
Ay et al., 2012 D/C FM/ST 1999 Classification Lin et al., 2017 D/C FM/ST PD/CAL 
Balci Yuce et al., 2018 D/C FM/ST 1999 Classification 

ofPeriodontal Diseases 

Mahajani et al., 2018 T/I FM/ST PD/GI/RAL/CAL 
Baltacıoğlu et al., 2014a D/C ST OH/GI/PD/CAL/AL Mariggio et al.,2001 D/C ST NI 
Baltacıoğlu et al., 2014b D/C FM/ST OH/GI/PD/CAL/AL Martinez et al., 2017 D/I FM/ST GI/AL/CAL 
Banu et al., 2015 D/C NI 1999 Classification 

ofPeriodontal Diseases 

Muthu et al., 2015 T/I NI PD/GI/RAL/CAL 
Becerik et al., 2011 D/C FM/ST PD/GI/CAL Naiff et al., 2014 D/C NI PD/GI/RAL/CAL 
Becerik et al., 2017 D/C ST PD/GI/CAL Nguyen et al., 2016 D/C FM/ST OH/GI/PD/CAL 
Bhardwaj et al., 2015 T/I FM/ST 1999 Classification 

ofPeriodontal Diseases 

Nimcharoen et al., 2019 T/I FM/ST PD/GI/RAL/CAL 
Bostanci et al., 2014 T/I ST PD/GI/CAL Nogueira-Filho et al., 

2014 

D/C NI PD/GI/CAL 
Bostanci et al., 2016 T/I ST PD/GI/AL Novakovic et al., 2014 T/I FM/ST PD/GI/AL 
Buduneli et al., 2006 D/I FM/ST 1999 Classification 

ofPeriodontal Diseases 

Özçaka et al., 2011 D/C FM/ST PD/CAL/AL 
Buduneli et al., 2011a D/C FM/ST PD/GI/CAL/AL Özcan et al., 2015 D/C NI PD, GI 
Buduneli et al., 2011b D/C FM/ST PD/GI/CAL/AL Özdemir et al., 2016 D/C FM/ST PD/GI/AL 
Çanakçi et al., 2009 D/C ST OH/GI/PD/AL Özmeriç et al., 2000 D/C NI PD 
Cetinkaya et al., 2013 D/C FM/ST PD/GI/CAL/AL Öztürk et a., 2016 D/C FM/ST PD/GI/RAL/CAL 
Chakraborty et al., 2014 T/I FM/ST PD/GI/AL Papathanasiou et al., 

2014 

D/C FM/ST PD/GI/CAL/AL 
Chen et al., 2010 D/C FM/ST PD/GI/AL Pawar & Mehta, 2015 D/I NI 1999 Classification 
Chen et al., 2016 D/C STS PD/GI/RAL/CAL Pejcic et al., 2012 D/C NI PD/GI/RAL/CAL 
Choonharuangdej et al.,2011 D/C ST 1999 Classification 

ofPeriodontal Diseases 

Pereira et al., 2013 D/C FM/ST PD/GI/RAL/CAL/AL 
Cifcibasi et al., 2015 D/C FM/ST 1999 Classification 

ofPeriodontal Diseases 

Pinho et al., 2009 D/I NI PD/CAL 
Dede et al., 2013 T/I FM/ST OH/GI/PD/CAL Pinho et al., 2018 D/L FM/ST 1999 Classification 
Dede et al., 2016 T/I FM/ST PD/GI/RAL/AL Purwar et al., 2015a D/C FM/ST OH/GI/PD/CAL/AL 
Deepika & Saxena, 2013 D/L NI PD/GI/CAL/AL Purwar et al., 2015b T/I FM/ST 1999 Classification 
Devanoorkar et al., 2012 T/I NI PD/GI/RAL/CAL Qi et al., 2013 D/C FM/ST PD/CAL/RAL 
Duarte et al., 2010 T/I FM/ST PD/GI/RAL/CAL Roberts et al., 2015 T/I NI PD/GI/RAL/AL 
Duzagac et al., 2016 T/I FM/ST PD/GI/RAL/CAL Sakallıoğlu et al., 2008 D/C FM/ST GI/CAL 
Emingil et al., 2006 D/C ST PD/GI/RAL/CAL/AL Sánchez et al., 2013 D/I NI Page & Eke (2007) 
Eren et al., 2016 D/C FM/ST PD/GI/RAL/CAL Silva et al, 2010 D/C NI PD/CAL 
Ertugrul et al., 2013a D/C FM/ST PD/GI/RAL/CAL Silva et al, 2014 T/I FM/ST PD/GI/CAL 
Ertugrul et al., 2013b D/C NI PD/GI/CAL Staudte et al.,2005 P/I FM/ST NI 
Figueiredo et al.,2002 D/C ST PD Surna et al.,2009 D/C NI 1999 Classification 
Fujita et al., 2012 D/C STS PD/GI/CAL Swaminathan et al., 2013 D/C FM/ST AL/CAL 
Fukushima et al., 2017 D/I ST GI//CAL/AL Tabari et al., 2014 D/C NI PD/GI/CAL/AL 
Gamel et al., 2017 D/C FM/ST 1999 Classification 

ofPeriodontal Diseases 

Tamaki et al., 2009 T/I FM/ST OH/GI/PD/CAL 
Ghallab et al., 2015 D/C FM/ST OH/GI/PD/CAL/AL Tarannum & Faizuddin, 

2016 

D/C FM/ST PD/GI/CAL 
Gharbi et al., 2019 D/C NI PD/CAL/AL Tarannum & Faizuddin, 

2017 

D/C FM/ST PD/GI/CAL 
Gheren et al., 2008 D/I FM/ST PD/CAL Taşdemir et al., 2020 D/C ST 1999 Classification 
Gokhale et al., 2013 P/I NI PD/GI/CAL Taskan et al., 2019 D/C ST 2017 Classification 
Gokhale et al., 2014 D/C NI PD/GI/CAL Teles et al., 2012 D/L FM/ST PD/GI/CAL 
Guentsch et al., 2014 T/I NI PD/CAL Tezel et al., 2005 T/I NI GI//CAL/RAL 
Gupta et al., 2015 D/C NI PD/CAL To et al., 2015 D/C STS 1999 Classification 
Hartenbach et al., 2018 T/I FM/ST PD/GI/CAL Toker et a., 2012 T/I ST PD/GI/RAL/CAL 
Haytural et al., 2015 D/C NI PD/GI/CAL Toyman et al., 2015 D/C ST PD/GI/CAL 
Hendek  et al., 2015 D/C FM/ST 1999 Classification 

ofPeriodontal Diseases 

Tripathi et al., 2018 D/C NI PD/CAL 
İlgenli et al., 2006 D/C ST PD/GI/RAL/CAL/AL Trivedi et al., 2014 D/C FM/ST PD/GI/CAL/AL 
Ishizuka et al., 2017 D/C STS PD, GI Türkoğlu et al., 2009 D/C FM/ST PD/GI/RAL/CAL 
Jaradat et al., 2013 D/C NI PD/GI/RAL/AL Türkoğlu et al., 2010 D/C FM/ST PD/GI/CAL/AL 
Javed et al., 2014 D/C FM/ST PD/GI/CAL Türkoğlu et al., 2011 D/C FM/ST PD/CAL 
Katarkar et al., 2015 D/C NI 1999 Classification 

ofPeriodontal Diseases 

Tüter et al., 2002 T/I NI PD 
Keles et al., 2014 D/C FM/ST PD/GI/RAL/CAL/AL Tüter et al., 2013 T/I ST 1999 Classification 
Kerdvongbundit et al.,2003 T/I ST NI Vinayak & Vandana, 

2007 

D/C STS PD/GI/CAL 
Khongkhunthian et al., 2013 D/C NI 1999 Classification 

ofPeriodontal Diseases 

Wang et al., 2013 D/C NI PD/CAL/RAL/AL 
Khongkhunthian et al., 2014 D/C STS GI//CAL/AL Wei et al., 2004 D/C ST PD/GI/AL 
Konopka et al., 2012 T/I ST 1999 Classification 

ofPeriodontal Diseases 

Wei et al.,2010 T/I NI PD/GI/AL 
Köseoğlu et al., 2015 D/C FM/ST PD/GI/CAL/AL Yang et al., 2018 D/C ST 1999 Classification 
Kumar et al., 2014 P/C FM/ST AL/CAL Zheng et al., 2006 D/C FM/ST PD/GI/RAL/CAL 

 

Legends: AL=attachment loss, C=cross-sectional, CAL=clinical attachment level, D=diagnosis, FM=full-mouth, GI=gingival index, 

I=intervention, L=longitudinal, NI=not informed, OH=oral hygiene, PD=probing depth, PR=prevention, RAL= radiographic alveolar bone 

loss, ST=partial teeth, STS=partial teeth site, T=treatment. Source: The Authors. 
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Figure 2. Meta‐analysis evaluation and forest plot showing the ratio of mean of all included studies with plaque index for H and P group (n 

=101).  
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Figure 3. Meta‐analysis evaluation and forest plot showing the ratio of mean of all included studies with plaque index for H and G group (n 

=22). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concerning to PI-SL (n=158), H group (n=60; MRAW 0.52; 95% CI 0.42-0.63) differed from G group (n=23; 

MRAW 1.58; 95% CI 1.28-1.89) and P group (n=75; MRAW 1.83; 95% CI 1.67-1.98), although it was not possible to 

distinguish the G from the P group, due to the intersecting confidence intervals. The same findings were observed in the PI-% 

(n=51: H=23, G=5 and P=23) meta-analysis, there were dissociations between H group and G and P group, as well as, 

intersecting confidence intervals between G and P group. The meta-analysis of the periodontal indexes showed that the only 

PD was able to distinguish all periodontal condition (H: MRAW 1.73, 95% CI 1.51–1.95; G: MRAW 2.22, 95% CI 2.05–2.40, 

and P: MRAW 4.49, 95% CI 4.28–4.71). The GI-LS and BOP, similarly to PI, only dissociate H group from G and P groups, 

with intersecting confidence intervals between G and P group. Otherwise, for CAL, the P group (MRAW 5.04, 95% CI 4.72–

5.35) was distinguished from H (MRAW 1.25, 95% CI 1.12–1.37) and G (MRAW 1.32, 95% CI 0.83–1.82) groups (Table 2). 

 

Table 2. Evaluated indexes meta-analysis and periodontal outcomes. 

  

 

PI-SL 

(n = 158) 

PI-% 

(n = 51) 

GI-LS 

(n=144) 

BOP (%) 

(n=129) 

PD (mm) 

(n=236) 

CAL (mm) 

(n=183) 

H group 

 

n 

 

60 

 

23 

 

57 

 

53 

 

103 

 

65 

 MRAW 0.52 c 22.4 c 0.34 c 5.25 c 1.73 c 1.25 c 

 95% CI  0.42-0.63 14.8-30.0 0.29–0.40 4.42–6.08 1.51–1.95 1.12–1.37 

G group n 23 5 17 16 27 22 

 MRAW a 1.58 c 68.5 c 1.47 c 47.41 c 2.22 c 1.32 c 

 95% CI 1.28-1.89 56.9-80.2 1.14–1.81 33.97–60.86 2.05–2.40 0.83–1.82 

P group n 75 23 70 60 106 96 

 MRAW 1.83 c  68.4 c 1.86 c 62.10 c 4.49 c 5.04 c 

 95% CI 1.67-1.98 61.9-74.9 1.77–1.94 60.64–63.56 4.28–4.71 4.72–5.35 

Legend: c = p<0.01., n = sample, MRAW = Untransformed raw mean, CI = confidence interval, BOP = bleeding on probing, PD = probing 

depth, CAL = clinical attachment level. Source: The Authors. 

 

 

Source: The Authors. 
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4. Discussion 

Our systematic review summarizes the evidence of the quantitative association of dental plaque index with 

periodontal conditions associated with plaque. The meta‐analysis showed that there is a tendency that higher PI correspond to a 

progressive periodontal breakdown. In the meta‐analysis of the different PI type, this progressive association was also 

demonstrated in PI-SL. Despite that, regardless of the index used, we were not able to distinguish G group from P group. 

The search strategy was developed to be extensive and, as expected, resulted in a large number of studies. The 

intention was to select the largest number of data to improve the validation of the results obtained. Systematic searching 

limited to PubMed could be not sufficient to identify all relevant references, however the amount of included studies in meta-

analysis was substantial. Besides that, some studies indicate that the gains from searching sources beyond others databases are 

modest (van Enst et al., 2014; Rice et al., 2016) and the expected number of relevant studies was big enough (Halladay et al., 

2015). 

In order to reduce bias of confounding, selected studies did not include smoking and comorbidities since there is 

sufficient evidence to suggest that periodontal disease and systemic health have a two-way relationship (Tonetti et al., 2018; 

Hegde & Awan, 2019; Bascones-Martínez et al., 2009) and smoking was associated with periodontitis and its severity (Tonetti 

et al., 2018; Goel et al., 2021; Genco & Borgnakke, 2013). In addition, non‐plaque induced gingival and periodontal diseases 

and conditions were also excluded, based on primary etiology (Tonetti et al., 2018; Armitage, 1999). 

The variables that could explain heterogeneity can be divided in (1) related to design and (2) related to the study 

population (Delgado-Rodríguez & Sillero-Arenas, 2018). It was possible a study objective and design interference, that does 

not were observed in the meta-regression analysis. Further studies may consider improving the study design by including 

larger sample size and longer follow‐up (6 months or more), with at least a control group and a disease group outcome, in 

order to identify the eventual plaque accumulation pattern even introducing hygiene instructions.  

Due to the individual characteristics of the different studies and populations studied, a high level of heterogeneity 

could be expected in a meta-analysis of observational studies (Sutton et al., 2000). For this reason, we used random models, 

which produced broader confidence intervals and the inferences can be generalized for the set of studies from which the 

sample was obtained (Hedges & Vevea, 1998). Subgroup analysis was also used to explore heterogeneity. Despite that, as the 

prevalence studies involve several peculiarities because of the population itself (Gimenez et al., 2016) the high level of 

heterogeneity could not be reduced in this systematic review. 

The Classification of Periodontal Diseases is constantly evolving due to knowledge about physiopathology of 

periodontal diseases. Even though the criteria for periodontal classification differ among studies, we expect that possible 

diagnostic interferences would have the same contribution in all analyzed indexes. Furthermore, the purpose of this review is 

the determination of a clinically significant threshold, not to establish PI as a periodontal diagnosis method. 

The ideal index should have a clear purpose; be intelligible; provide easily available data, with minimal modification, 

and understandable. It should reflect both the health problem and ability of the society to solve it, and also how society defines 

health (Larson, 1991). The PI methods have the advantages of being relatively easy to perform and requiring a minimum of 

time and equipment. However, there are disadvantages, including a lack of sensitivity, especially at the extremes of low and 

high amount of plaque. In addition, all of these methods are nonlinear, semi-quantitative, subjective and could be a reflection 

of the moment, not a pattern. Even that, PI has become the mainstay for use in studies that assess the efficacy of antiplaque 

agents (Scannapieco, 1995; Godard et al., 2011). 

Despite the primary etiological factor of periodontal damage is the host-mediated inflammatory and immune 

responses to the accumulation of microbial plaque and its diffusible enzymes, the lifestyle (unbalanced diet and smoking) 

along with bad oral hygiene, represent the main factors promoting the upset of the harmonious equilibrium of the oral 
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microbiome, especially in individuals with genetic and epigenetic susceptibility. Educating patients on a culture of oral 

prevention and using efficient plaque treatment strategies that maintain the natural diversity of resident microbiota should 

represent the main goals in the prevention and treatment of periodontal disease (Di Stefano et al., 2022). 

The effects of oral hygiene on periodontitis were analyzed by Lertpimonchai et al. (2017), through a systematic 

review and meta-analysis, suggesting a dose-response relationship between oral hygiene and periodontitis, with a 2- to 5-fold 

increase in the risk of developing periodontitis in individuals with reasonable and poor oral hygiene, respectively compared to 

those with good hygiene. Hygiene was assessed through a categorization common to other studies, in which PI greater than 2 

was classified as poor and PI between 1 and 2, reasonable. Considering these values, the P group’ PI-SL of 1.83 (CI = 1.67 - 

1.98), could be classified as values corresponding to reasonable hygiene. In addition, considering this review, an IP-SL up to 

0.7 can be classified as good oral hygiene, from 0.7 to 1.6 reasonable and above 1.6 should be considered as poor. 

Regarding periodontal disease progression, Haffajee et al. (1991) found that the plaque level was strongly associated 

with risk of periodontal attachment loss. Using predictive analysis techniques, they proposed the following: a PI from 0% to 

50% low risk of attachment loss (adequate hygiene), PI from 51% to 75% medium risk (poor hygiene) and PI from 76% to 

100% high risk (inadequate hygiene). Using the values obtained in this meta-analysis: (1) the H group PI-% ≤30%; (2) G group 

with PI-% between 57% to 80% and; (3) P group PI-% of 62% to 75%. Based on the PI-% obtained in the meta-analysis, a PI 

below 30% represents adequate hygiene (or indicating health); from 31% to 60% poor hygiene (indicating gingivitis), and up 

to 61% we can classify it as inadequate hygiene (indicating periodontitis). 

In a 24-year longitudinal study in Stockholm, poor oral hygiene, characterized by plaque accumulation, was also 

associated with an increase in premature death from cancer (OR = 1.79). In that study, people who continued alive had an 

average of PI 0.67 (± 0.46) and people who died had 0.87 (± 0.62). Current mean PI-SL for H group was 0.52 (CI = 0.42 - 

0.63), is in accordance with the study by Söder et al. (2012) which allowed us to conclude that maintaining a plaque index 

below 0.63 is effective to health promotion and preventing chronic diseases. 

The present review has limitations that should be considered. Most of the included studies were cross-sectional, which 

could make a causal inference difficult. Besides that, visible plaque reflects the moment, could not necessarily reflect habit, but 

one’s ability to remove plaque; in other words, individuals with gingivitis or periodontitis may not present visible plaque 

during the examination, which may influence the diagnosis. Added to the fact that (1) periodontal disease is multifactorial and 

not always keeping a plaque index below the recommended may be enough to prevent its development and; (2) most gingivitis 

does not progress to periodontitis. Nevertheless, gingivitis is a prerequisite for periodontitis, and managing gingivitis is a vital 

primary prevention strategy to prevent periodontitis (Chapple et al., 2018).  

Future randomized clinical trials, which include groups of individuals with disease and without periodontal disease in 

order to represent a real situation of the population, with plaque index data and periodontal parameters; should clarify this 

issue. Despite this, PI from longitudinal studies, depending on time interval, may indicate the intervention effect instead a 

pattern.  

The meta-analysis found an association between PI and periodontal outcomes, whereas that association was not 

capable to quantitatively distinguish G from P group. The comparison with other periodontal parameters evaluated in this 

review resulted in: (1) only the PS was able to differentiate the three groups accurately; (2) IG-LS and BOP, as PI, can be used 

to differentiate healthy individuals from those with some periodontal disease (G or P) and; (3) CAL can distinguished 

periodontal disease from periodontal health or gingivitis. Taking into account, PI must be combined with other clinical 

parameters to perform differential diagnoses of gingivitis and periodontitis. 
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The strengths of this study are the inclusion of different age groups in 22 countries in all continents, leading to a 

global sample of 6,157 individuals. In addition, there was no restriction for language or year of publication and the high quality 

of the data included should ensure the validity of our findings. 

 

5. Conclusion 

 This systematic review and meta-analysis found a three times fold increase in PI associated with disease groups 

(gingivitis and periodontitis), compared to healthy group. These results would raise awareness with regard to the dental plaque 

control, resulting in the reduction in health burden caused by periodontal diseases maintaining a plaque index below 0.7 or 

30%. Public health policies, such as health promotion strategies, population-based health prevention strategies, and the 

development of technological devices focused on self-monitoring the PI, should be implemented. 
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