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the context of the continuum of health, gingivitis and 

periodontitis (2,3). Dental bioolm is undoubtedly the 
principal cause of the initial innammatory lesion (1).
A proper periodontal examination is a critically impor-
tant step in clinical practice to reach proper diagnosis 

and develop a treatment plan, as well as in periodontal 

research to provide a reliable and comprehensive data 

collection (4,5). Current methods applied for periodon-
tal examination basically remain very similar to those 

from early decades. Overall approaches comprise recor-
ding clinical signs of periodontal health, innammation 
and destruction, assessments of etiological factors and 

oral hygiene performance, together with consistent me-
dical and dental histories (6,7).
Gingival bleeding is an early and accurate sign of in-
nammation. Its measurement mainly consists of qualita-
tive or semi-quantitative indexes based on the tendency 
of the gingiva bleeding upon mechanical stimulation 

(6,8). The presence of bleeding on probing in a dicho-
tomous manner is considered to be the simplest way to 

assess periodontal innammation (4).
Given that dental bioolm plays an essential role in initia-
ting periodontal innammation, and also that plaque con-
trol is the foundation of periodontal health (9,10), assess-
ments of dental plaque should be a regular component of 

periodontal examination for routine clinical practices and 

research purposes (7,10). In this sense, many plaque-sco-
ring methods are available. They are mostly based on a 
subjective assessment of the amount of tooth surface co-
vered by plaque, ordinal ratings of plaque extension, or 

the presence/absence of plaque at specioc sites (11-13).
Different plaque indexes have been proposed and mainly 

focused on oral hygiene skills, but also on periodontal is-
sues. They have demonstrated good quality, discriminatory 
power and reliability (14-17). It has been advocated that 
more sensitive indexes, those discriminating between high 

and low plaque scores and those emphasizing the inter-
proximal areas and/or the gingival margins are necessary 

when periodontal innammation is the main focus (11,12).
Consequently, it would be of great interest to broaden 

the understanding of how different plaque indexes co-
rrelates to periodontal innammation. Concurrent vali-
dity is an approach of criterion validity that estimates 

the amount of agreement between two different assess-
ments. It focuses on the power of a test to predict outco-
mes on another test. This could guide professionals and 
researches in the choice of a plaque index according to 

their specioc goals in the periodontal practice and re-
search. Hence, the aim of the present study was to eva-
luate the concurrent validity between different plaque 

indexes and bleeding on probing.

Material and Methods
-Study design and sampling strategy
The present cross-sectional study comprised a conve-

nience sample of male and female individuals, 18-65 
years old (43.21±13.24), selected in the Periodontology 
Clinic at the School of Dentistry from the Federal Uni-
versity of Minas Gerais, Belo Horizonte 3 Brazil. Sam-
ple size calculation was based on the expected correla-
tion coefocient, 0.80 study power and 0.05 statistical 
signiocance (18,19). In this manner, for coefocients var-
ying from 0.20, 0.30, 0.40 and 0.50, a minimum sample 
size varying from 194, 85, 47 and 29 individuals were 
respectively determined to be necessary.
During the period of data collection (August/2019 to 

December/2019) approximately 320 individuals sought 

dental care at the clinic and were determined eligible. 
Individuals were invited to participate according to their 

accessibility and availability during the dental care rou-
tine. Exclusion and inclusion criteria were then applied 
to each individual. Participants had to have a minimum 
of 20 natural teeth with 12 interproximal areas (20) and 

no contraindication for periodontal examination. Indivi-
duals with a history of systemic diseases, pregnant or 

lactating women, smokers/former smokers (21), those 

with any orthodontic appliances, removable protheses, 

extensive prosthetic rehabilitations or extensive active 

caries lesions were excluded. Exclusion was also applied 
to individuals using any drugs that could innuence pe-
riodontal health and those who have used antibiotics and 

anti-innammatory drugs within the last 3 months prior 
to study entry (22). Using this approach, onal sample 
comprised 183 individuals.
The present study was approved by the Research Ethics 
Committee of the Federal University of Minas Gerais 

3 Brazil (protocol #16932919.4.0000.5149) and was 
conducted in accordance with the Helsinki Declaration. 
Participants were made aware about the research objec-
tives and signed an informed consent.
-Data collection
Individuals underwent oral examination and dental pla-
que recording. In a specioc dental chart, after using a 
disclosing agent (basic fuchsin solution), the distribution 

of plaque accumulation (PA) was schematically repre-
sented for all dental surfaces of all present teeth.
Subsequently, this representative graphic chart was used 

to retrieve the score values of the following plaque in-
dexes:

1) GV 3 Greene & Vermillion (23): buccal and lingual 

surfaces of all present teeth were given scores of 0= no 

debris present, 1= soft debris covering not more than 1/3 

of the tooth surface, 2= soft debris covering more than 

1/3 but not more than 2/3 of the tooth surface, 3= soft 

debris covering more than 2/3 of the tooth surface. The 
higher score attained to any of the buccal and lingual 

surfaces in each right, anterior and left segments of each 

upper and lower arches were summed and divided by the 

number of selected surfaces and the number of evaluated 

segments;



J Clin Exp Dent. 2023;15(1):e9-16.                                                                                                                                                                                             Plaque indexes and bleeding on probing

e11

2) SL 3 Sillness & Löe (17): the orst right molar, the ri-
ght lateral incisor and the orst left premolar in the upper 
arch as the left orst molar, the left lateral incisor and 
the right orst premolar in the lower arch were evaluated. 
Each buccal, lingual, mesial and distal surface was given 

scores of 0= no plaque, 1= a olm of plaque adhering to 
the free gingival margin and adjacent area of the tooth 
only seen by using the probe, 2= moderate accumulation 

of soft deposits on the tooth or gingival margin which 

can be seen by a naked eye, 3= abundance of soft matter 

on the tooth and gingival margin. Scores of each exami-
ned surface were summed and divided by the number of 

examined surfaces;
3) QHT 3 Quigley & Hein modioed by Turesky et al. 
(24): each lingual and buccal surface of all present tee-
th was given scores of 0= no plaque, 1= separate necks 
of plaque at the cervical margin of the tooth, 2= thin 

continuous band of plaque (up to 1mm) at the cervical 

margin of the tooth, 3= a band of plaque wider than 1mm 

but covering less than 1/3 of the tooth crown, 4= plaque 

covering at least 1/3 but less than 2/3 of the crown of 

the tooth, 5= plaque covering 2/3 or more of the tooth 
crown. All scores were summed and divided by the num-
ber of examined surfaces;

4) OL 3 O9Leary et al. (25): each buccal, lingual, mesial 
and distal surface was recorded as positive if they pre-
sented soft accumulations at the dentogingival junction. 
The number of plaque-containing surfaces were divided 
by the number of examined surfaces;
5) AB 3 Ainamo & Bay (26): each buccal, lingual, me-
sial and distal surface was recorded as positive if they 

were covered with clearly visible plaque. The frequency 
of positive surfaces was expressed in percentages in re-
lation to the total number of examined surfaces;
6) DZ 3 Deinzer et al. (12): the presence of plaque was 
assessed at the lingual and buccal gingival margin di-
vided in 4 equal sections (distal, cervico-distal, cervi-
co-mesial, mesial). The percentage of all sections sco-
ring positive in relation to all examined sections were 

attained.
The main characteristics of the plaque indexes used in 
this study is presented in Table 1.
-Periodontal examination and periodontal status deoni-
tion

All participants have also undergone a full-mouth perio-
dontal examination performed with a manual periodon-
tal probe (PCPUNC-15, Hu-Friedy, Chicago, IL, USA). 
Probing depth (PD), clinical attachment level (CAL), 

Plaque indexes Evaluated

teeth

Evaluated

sites

Level of 

measurement

GV

Greene & Vermillion

(1960)

All present teeth Buccal (B)

Lingual (L)

Scale

(0 to 3)

SL

Silness & Löe

(1964)

Maxillary right orst molar
Maxillary right lateral incisor

Maxillary left orst bicuspid
Mandibular left orst molar

Mandibular left lateral incisor

Mandibular right orst bicuspid

Buccal (B)

Lingual (L)

Mesial (M)

Distal (D)

Scale

(0 to 3)

QHT
Turesky et al.
(1970)

All present teeth Buccal (B)

Lingual (L)

Scale

(0 to 5)

OL

O9Leary

(1972)

All present teeth Cervical third

Buccal (B)

Lingual (L)

Mesial (M)

Distal (D)

Dichotomous

AB

Ainamo & Bay

(1975)

All present teeth Buccal (B)

Lingual (L)

Dichotomous

DZ

Deinzer et al.
(2014)

All present teeth Cervical third

Buccal (B)

Lingual (L)

4 sections at each site

(distal / cervico-distal / 
cervico-mesial / mesial)

Dichotomous

Table 1: Main characteristics of the plaque indexes used in the study.
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and bleeding on probing (BOP) were recorded from all 

present teeth, except from third molars, at mesial, distal, 

buccal and lingual sites. BOP was recorded in a dichoto-
mous manner (presence/absence).
All examinations were performed by one single trained 

periodontist (A.P.C). A sample of 5 individuals were 
examined and re-examined within 1 week to determine 
intra-examiner agreement for PD and CAL. Kappa va-
lues >0.88 and intraclass correlation coefocients >0.90 
were attained.
Participants were then classioed according to their pe-
riodontal status 3 a) gingival health: no/minimal BOP 

(score <10% assessed as the proportion of bleeding si-
tes) (8,9); b) gingivitis: BOP score g10% and PD f3mm 
(8); c) periodontitis: detectable interdental CAL (not 
ascribed to non-periodontal causes) at g2 non-adjacent 
teeth or buccal CAL g3mm with PD >3mm at g2 teeth 
(those diagnosed with at least periodontitis stage I) (27).
-Statistical analysis
Sample was characterized regarding percentage of sites 

with plaque accumulation (PA) and bleeding on probing 

(BOP) at the entire mouth (PAE and BOPE), as well as at 

buccal (PAB and BOPB), lingual (PAL and BOPL) and 

interproximal (PAI and BOPI) sites, respectively. Corre-
lations between plaque index and BOPE, BOPB, BOPL, 

BOPI were evaluated in the total sample, as well as in 

the study groups. Magnitude of correlations were clas-
sioed as: negligible (0.0030.10), weak (0.1030.39), mo-
derate (0.4030.69), strong (0.7030.89) and very strong 
(0.9031.00) (28,29). All analyses were performed using 
statistical software (SPSS 17.0, Statistical Package for 
Social Sciences for Windows, SPSS Inc., Chicago, IL.). 
Results were considered signiocant if p<0.05.

Results
Sample comprised 183 individuals, being 43 diagno-
sed with gingival health, 44 with gingivitis and 96 with 
periodontitis. Percentage of sites with PA and BOP are 
presented in Table 2. BOP was lower at buccal sites and 
higher at interproximal sites. BOP markedly increased 
from the gingival health to the gingivitis and periodon-
titis groups. PAI, PAB and PAL were not expressively 
different. PA and plaque index scores also markedly in-
creased from the gingival group to the gingivitis and pe-
riodontitis groups. Overall, differences were found not 
so expressive between the gingivitis and periodontitis 

groups.
Table 3 shows correlations between plaque indexes and 
BOP. Overall, correlations were determined to be mode-
rate for all plaque indexes, except from OL index. When 
considering the total sample, correlations varied from 

0.20 to 0.57 for BOPE. OL index presented weak corre-

Variables Total sample Groups

Gingival health Gingivitis Periodontitis

Bleeding on probing (BOP)

BOPE 33.31 ± 28.68 2.83 ± 2.91 41.64 ± 29.00 43.15 ± 25.32
BOPI 36.07 ± 29.76 3.82 ± 2.91 47.50 ± 28.41 45.27 ± 26.59
BOPB 27.88 ± 30.01 1.41 ± 3.03 30.30 ± 34.18 38.63 ± 27.50
BOPL 32.84 ± 30.07 2.68 ± 5.41 29.85 ± 29.95 43.14 ± 27.77
Plaque accumulation (PA)

PAE 62.13 ± 32.42 32.80 ± 33.88 72.83 ± 21.86 70.36 ± 27.91
PAI 62.64 ± 32.64 33.45 ± 34.38 73.27 ± 21.02 70.84 ± 28.50
PAB 62.53 ± 35.32 35.27 ± 36.80 72.71 ± 27.44 70.07 ± 21.76
PAL 62.13 ± 32.42 32.80 ± 33.88 72.83 ± 21.86 70.36 ± 27.91
Plaque index scores

OL 59.84 ± 31.77 38.02 ± 35.99 66.81 ± 22.67 66.42 ± 29.10
SL 0.91 ± 0.62 0.43 ± 0.47 1.12 ± 0.58 1.02 ± 0.59
AB 70.15 ± 45.66 34.05 ± 34.65 78.28 ± 16.98 82.59 ± 50.56
GV 1.22 ± 2.68 0.44 ± 0.46 1.14 ± 0.49 1.61 ± 3.63
QHT 1.72 ± 1.01 0.83 ± 0.84 2.00 ± 0.86 1.98 ± 0.90
DZ 57.40 ± 31.41 26.79 ± 29.99 68.07 ± 20.38 66.22 ± 27.38

Table 2: Characterization of the sample in relation to bleeding on probing (BOP), plaque accumulation (PA) and plaque 

index scores.

mean ± s.d.; BOPE = BOP at the entire mouth; BOPI = BOP at interproximal sites; BOPB = BOP at buccal sites; BOPL = 
BOP at lingual sites; PAE = PA at the entire mouth; PAI = PA at interproximal sites; PAB = PA at buccal sites; PAL = PA 
at lingual sites; OL = O9Leary plaque index; SL = Sillness & Löe plaque index; AB = Ainamo & Bay plaque index; GV = 
Greene & Vermillion plaque index; QHT = Quigley & Hein modioed by Turesky plaque index; DZ = Deinzer plaque index.
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Table 3: Correlations between plaque index scores and bleeding on probing (BOP).

Spearman correlation coefocient (p-value). White cells = non-signiocant correlations; light grey cells = weak correlations; medium grey cells = 
moderate correlations; dark grey cells = strong correlations.

lations with BOPE, BOPI, BOPB, BOPL. SL, AB, GV, 
QHT and DZ indexes presented moderate correlations 
with BOPE, BOPI, BOPB, BOPL, varying from 0.42 to 
0.57. QHT index showed higher correlation coefocients, 
but were still considered moderate when compared to 

the other plaque indexes. Lower correlation coefocients 
were observed for BOPB.
When considering the gingival health group, higher co-
rrelations were obtained, varying from 0.57 to 0.79 for 
BOPE. It is noteworthy that AB, GV and DZ indexes 
presented strong correlations, DZ being the highest 

(0.79). Correlations between PA and BOPB were lower, 
being classioed as weak for SL, AB and DZ indexes and 
non-signiocant for GV and QHT indexes. OL index pre-
sented coefocients with less variation, all determined to 
be moderate for BOPE, BOPI, BOPB and BOPL.
When considering the gingivitis group, correlations 

were mostly non-signiocant, except from AB index that 
showed weak correlations with BOPE (0.34) and BOPI 
(0.33). When considering the periodontitis group, co-
rrelations were non-signiocant for OL and AB indexes. 
Moderate correlations were observed between SL and 

BOPL (0.44), QHT and BOPE (0.40), and QHT and 
BOPL (0.45). Overall, correlations between plaque in-
dexes and BOP on both groups presented the highest 

variations. 

Discussion
Overall, SL, AB, GV, QHT and DZ indexes showed good 
concurrent validity with BOP assessed in the entire mou-
th (BOPE), considering the total sample. Independently 
from the main differences in plaque assessment of these 

indexes, they presented correlations varying from 0.51 
to 0.57, all being determined to be signiocantly mode-
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rate. Some indexes may be easier to access and demand 
less time or logistics while other may be more time con-
suming. Thus, ondings demonstrate that in situations as 
epidemiological studies with large samples, choosing a 

plaque index that demands less time and logistics for its 

application, may be appropriate and beneot data collec-
tion. It was previously stated that simple indexes might 
be of similar signiocance to more detailed and graded 
indexes (30-32).
Due to its scalar evaluation, it was stated that QHT in-
dex can be an appropriate tool to understand PA patterns 

(13). Plaque quantiocation indexes are generally accep-
ted for their advantage of being more sensitive in the 

evaluation of clinical variables since dental plaque is 

quantioed at each site on an incremental scale. Howe-
ver, they may be time consuming to administer. On the 
other hand, binary or dichotomous indexes are easier to 

use and their validity relies on the fact that the presence 

or absence of a clinical variable such as plaque or gin-
gival bleeding which are important, not necessarily its 

quantiocation (31).
Indeed, good correlations among plaque indexes with di-
fferent characteristics were demonstrated (11,12,32,33). 
Good convergent validity between QHT and DZ index 
was demonstrated under different conditions (12). DZ 
index evaluates the presence/absence of PA in 4 sections 

of gingival margins at the buccal and lingual surfaces. It 
was advocated that this assessment of PA at the gingival 

margins may have similar meanings to those presented 

through more complex indexes and provide nearly the 

same information as scoring its distribution over the 

whole tooth surface (12).
The QHT index showed the highest correlation with 
BOPE. This index was developed with the purpose of 
evaluating oral hygiene. It scores PA from 0 to 5, ac-
cording to the continuity and extent of dental plaque 

covering the tooth crown, assessed in the buccal and 

lingual surfaces at the entire mouth (24). It is one of the 
most used indexes in product-testing and oral hygiene 
studies and demonstrated good correlation with quanti-
tative plaque assessments such as weight (32) and ima-
ge analysis (33). It was also demonstrated that the QHT 
index presented good concurrent validity with BOP un-
der different conditions. Moreover, QHT index showed 
good convergent validity with DZ index that presented 

similar concurrent and predictive validity for gingival 

bleeding (12). It is interesting to observe that indexes 
focusing on PA at gingival margins, such as DZ index, 

or those considering PA at interproximal areas did not 

present higher correlations with BOPE or BOPI.
When individuals in the gingival health group were eva-
luated separately, correlations improved and reached 

higher levels for the DZ, AB and GV indexes when eva-
luating BOPE. The DZ index showed the highest corre-
lation with BOPE. In relation to the other sites, a similar 

behaviour of the total sample was observed with mode-
rate concurrent validity, except for BOPB. In the gingi-
vitis and periodontitis groups, correlation patterns were 

inconsistent. Overall, concurrent validity was weak and / 
or non-signiocant. This behaviour could be related to the 
presence of several factors that can interfere or potentia-
te overall gingival innammation (9,27,34). Variations in 
gingival bleeding may be the response to other factors 

besides the presence of PA (35). Correlations between 
BOP and plaque indexes at vestibular sites were lower, 

what could be explained by the easiness of cleaning this 

area (36).
Different associations between PA and BOP were pre-
viously demonstrated in different teeth and sites and 

they were weaker in molars and lower anterior teeth, as 

well as at buccal sites. It is noteworthy that in this pre-
sent study, PAE, PAI, PAB and PAL presented similar 

values while BOPB showed comparatively lower values 

and BOPI comparatively higher values. However, it was 
indicated that individuals with a strong association be-
tween PA and BOP and individuals with no or even with 

negative associations had similar mean percentages of 

plaque and BOP (22). Variations in correlation patter-
ns were explained by the study type, hormonal changes, 

individual characteristics and oral hygiene interventions 

(12,17,22,37,38). BOP may be associated with site-spe-
cioc factors as well as patient-related factors (9,35). 
Nevertheless, it was demonstrated that on a population 

level, a considerable correlation between gingival index 

and plaque index is achieved (22,39).
Although there may be different relationships between 

PA and BOP at the site level, it seems acceptable to assu-
me that higher and appropriate correlations exist between 

PA and extent of BOP at the individual level (ecological 

correlation) (22,38). Summary measures from different 
plaque indexes for the individual, although numerically 

different due to index specioc characteristics, seems to 
deone a PA proole that has an overall satisfactory concu-
rrent validity with BOP.
The selection of an appropriate plaque index will depend 
upon: goals of the study in which it is to be utilized; sam-
ple size; study design; cross-sectional or longitudinal 
evaluations; duration of the study and association with 
the outcomes of interest (13,15,40). In specioc clinical 
situations, clinical trials and epidemiological studies ai-
ming at evaluating the distribution of clinical variables 

in more detail, complex quantiocation indexes may be 
necessary (31). On the other hand, in studies with larger 
samples and more demanding logistics, a plaque index 

with easier application could be eligible. In general, pla-
que indexes are used in routine dental examination to 

describe the pattern of PA and patient oral hygiene. In 
dental research, they are widely used in clinical trials to 

evaluate products for oral hygiene and oral hygiene re-
gimens. Moreover, in observational studies focusing on 
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periodontal conditions, plaque indexes are used to cha-
racterize individuals and they may renect the exposure 
to the primary causal factor of the periodontal innam-
mation itself.
Particularly in cross sectional evaluations, plaque index 

assessment may be subjected to some temporal ambi-
guity. Plaque index values in a one single examination 
at a specioc point in time may not renect patterns of 
past exposure to PA. However, there is a mutual interde-
pendence between plaque amount and gingival innam-
mation, especially in a steady state. Although there are 
factors involved in inter and intra-individual variations, 
gingival changes objectively renected by gingival ble-
eding occur in the face of PA. It is generally accepted 
that a correlation exists between the amount of PA and 

the extent gingival innammation (38). The present study 
demonstrated that different plaque indexes showed sig-
niocant moderate concurrent validity with periodontal 
innammation, independently of their PA quantiocation 
systems. Therefore, it can be assumed that there is no 
plaque index with a particular characteristic that can, in 

general, better correlates with BOP.
It is important that the conduction of periodontal probing 

exam must be performed correctly. It is recommended to 
carry out a <gentle probing= of periodontal tissues, as 

an excess of pressure can lead to false positive results 

(26,34). In the present study, all examinations were per-
formed by the same trained examiner in a very syste-
matic manner. This systematization of data collection is 
essential for the results to be standardized, and training 

is a critical step on indexes recording and its subjective 
aspects. In addition, BOP was recorded in an objective 
dichotomous manner, and it was previously demonstra-
ted that bleeding on marginal probing and bleeding on 

sulcus probing are signiocantly correlated at individual 
and at site-level evaluations (38).
A convenience sample with particular characteristics 

was investigated in the present study. Consequently, 
external validity must be interpreted with caution. The 
study focused on stablishing the concurrent validity of 

plaque indexes comprising different quantiocation sys-
tems with BOP. This could help choosing the index that 
best ots the objectives, logistics, clinical situation and 
time of periodontal evaluation, whether in clinical prac-
tice or in dental research, when concurrent validity with 

BOP is intended. Further studies with larger samples, as 
well as samples comprising specioc clinical conditions, 
are necessary to better evaluate the concurrent validity 

of plaque indexes and gingival bleeding.

Conclusions
It was concluded that the evaluated plaque indexes pre-
sented moderate concurrent validity with gingival ble-
eding when evaluated in the total sample, regardless of 

their specioc teeth/sites under evaluation or quantioca-

tion systems. Hence, the choice of a plaque index when 
focusing on the concurrent validity with gingival ble-
eding should take the logistics of the examination, the 

study sample and design into consideration.
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