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Abstract 

Background/Objectives

To analyze the inter-rater reliability of three different plaque indices with regard to 

raters’ orthodontic experience.

Materials/Methods

The study analyzed 50 photographs of patients with maxillary and mandibular mul-

tibracket appliances (MB), captured via Digital Plaque Imaging Analysis (DPIA) for 

plaque assessment. Three indices - the modified Turesky index (TQH index), Attin 

index, and modified bonded bracket index (mBB index) were used. Fourteen evalua-

tors with varying orthodontic experience levels (four with limited, five with moderate, 

and five with extensive experience) assessed the images.

Results

The highest agreement among the evaluators in terms of ICC was obtained using the 

Attin index and the mBB index. The TQH index yielded the poorest agreement among 

evaluators. Orthodontic experience had no significant effect on inter-rater reliability. 

The evaluators with little orthodontic experience scored best in agreement with the 

Attin index, and the evaluators with much orthodontic experience scored best with the 

Attin and mBB indices. No difference was observed between the three plaque indices 

among the evaluators with moderate orthodontic experience.

Limitations

Consistent classification of subjects into the same oral hygiene category by multi-

ple raters using a plaque index was difficult. Consequently, calibration of raters in 
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practice may lead to a more unanimous classification of patients into the same oral 

hygiene category. A disadvantage of the classification of plaque values into oral 

hygiene categories was posed by the category boundaries. These resulted in two 

plaque indices being less consistent than was the case in reality.

Conclusions/Implications

We recommend the use of an orthodontic plaque index (Attin index) or a combined 

dental and orthodontic plaque index (mBB index) in patients with an MB. The TQH 

index, considered the international standard plaque index, is less appropriate for 

application in these patients. Training and calibration of evaluators are of great 

importance when applying conventional plaque indices.

Introduction

In Germany, the Fifth Oral Health Study (Deutsche Mundgesundheitsstudie DMS V) 
published in 2014 found a decrease in caries in the population. The prevalence 
of tooth loss is expected to decrease by 72% from 1997 to 2030 [1]. However, in 
patients treated with multibracket appliances (MB), an increase in plaque accumu-
lation and gingivitis was observed [2,3]. The irregular surface of the MB appliance 
restricts the physiological cleaning function of oral muscles and saliva [4]. Further-
more, studies have shown that patients with MB appliances exhibit altered microbial 
flora [5–7]. Particular predilection sites for plaque accumulation include the areas 
behind arch wires [8], areas under bands of washed-out cementum [9], composite 
surfaces adjacent to the bracket base, the areas under the wings and in the slots 
of brackets, and composite-enamel interfaces [10]. Persistent plaque accumulation 
may result in the formation of demineralization, so-called white spot lesions [11], and 
the development of gingivitis [12].

Plaque indices serve as crucial tools for quantifying plaque accumulation and are 
widely employed in research to evaluate the effectiveness of oral hygiene prod-
ucts in various scientific studies [13–16]. In clinical practice, they also play a role 
in motivating patients to enhance their oral hygiene routines [17]. In patients with 
MB appliances, plaque tends to accumulate in different predilection sites compares 
to patients without MB appliances. Current studies focus on computer-assisted 
plaque assessment using planimetric quantification by plaque image analysis as an 
accurate, truly quantitative method [18,19]. However, these techniques are costly 
and necessitate complex equipment. In addition, a recent study showed conflict-
ing results in accurately quantifying plaque in patients with MB [20]. In contrast, 
conventional plaque indices are quick and easy to use. However, few studies have 
specifically investigated the application of dental plaque indices in this population 
[21]. Furthermore, there is a scarcity of data on the reliability and reproducibility of 
orthodontic plaque indices in clinical research settings [21], and direct comparisons 
between standard dental plaque indices and those tailored for orthodontic patients 
remain infrequent [21].
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The aim of this study was to investigate the inter-rater reliability of three different plaque indices used in orthodontics 
in patients with MB. In addition, the effect of the orthodontic experience of the raters on the results was analyzed. Each 
plaque index represented a plaque index system.

Materials and methods

Study design and subject matter

This study utilized a set of n = 50 photographs (accessed in June 2020 for research purposes, with no identifying patient 
information) captured using Digital Plaque Imaging Analysis (DPIA), a computer-assisted photographic analysis method 
which provides swift data collection and excellent reproducibility, as described by Klukowska et al [3]. The frontal and 
lateral intraoral photographs of the vestibular and lingual teeth surfaces were taken with a Nikon D80 reflex camera 
(Nikon Corporation, Tokyo, Japan), using cheek retractors and corresponding mirrors. Each photograph represented a 
distinct subject, resulting in a total of 50 subjects with a mean age of 13.9 ± 1.98 years. All subjects had previously been 
examined at the Department of Dentofacial Orthopedics and Orthodontics, University Medical Center of the Johannes 
Gutenberg-University, Mainz (Rhineland-Palatinate, Germany), and were fitted with a MB appliance in the both max-
illa and mandible at the time of the study. Ethical approval was granted by the Freiburg Ethics Committee International 
(Baden-Württemberg, Germany) under feki code 07/2113. Detailed inclusion and exclusion criteria are available upon 
request from the Freiburg Ethics Committee. All subjects and their legal guardians provided verbal and written informed 
consent.

Survey of plaque indices

In this study, the following plaque indices were examined as a representative of a plaque index system:

1)	 The TQH index is recognized as the international standard plaque index and is one of the most commonly used plaque 
indices in dental studies [22–25]. The Turesky index, along with the Quigley-Hein index, has also been frequently used 
in orthodontic studies [26–29]. The TQH index represents a modified dental plaque index. The classification of vestibu-
lar tooth surfaces of the TQH index were modified according to Cugini et al. [30] and divided into three regions (mesial, 
central, distal). Plaque accumulation was classified into the following assessment grades [24]:

•	 grade 0 - no plaque,

•	 grade 1 - single plaque islands along the gingival margin,

•	 grade 2 - thin plaque line (≤ 1 mm) along the gingival margin,

•	 grade 3 - plaque line > 1 mm, plaque covers ≤ 1/3 of the tooth surface,

•	 grade 4 - plaque covers ≤ 2/3 of the tooth surface,

•	 grade 5 - plaque covers > 2/3 of the tooth surface.

2)	The Attin index was developed specifically for orthodontic patients with MB [31]. The development of the Attin index 
focused on the application of the plaque index in everyday clinical practice. This plaque index considers the predilection 
sites for plaque accumulation in patients with MB - the mesial, distal, and cervical areas of the bracket. Plaque accumu-
lation was classified into the following assessment grades:

•	 grade 0 - no visible plaque,

•	 grade 1 - plaque islands on the proximal surfaces,
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•	 grade 2 - in addition to the proximal surfaces, plaque islands cervical of the bracket,

•	 grade 3 - plaque covered > 1/3 of the surface cervical of the bracket.

3)	The mBB index according to Delaurenti et al. [32] combines a dental and an orthodontic plaque index. The evaluation 
grades, adapted from the OHI according to Greene and Vermillion [33], represent the dental component and the four-
part classification of the tooth surfaces (incisal, distal, mesial, gingival) according to Williams et al. [34] corresponds to 
the orthodontic component. Plaque accumulation was classified into the following assessment grades:

•	 grade 0 - no plaque,

•	 grade 1 - plaque covers ≤ 1/3 of the tooth surface,

•	 grade 2 - plaque covers ≤ 2/3 of the tooth surface,

•	 grade 3 - plaque covers > 2/3 of the tooth surface.

Plaque indices were collected by n = 14 evaluators using the DPIA photographs. The vestibular tooth surfaces of all 
twelve anterior teeth (six maxillary, six mandibular) were examined. The evaluators had varying levels of orthodontic expe-
rience. At the time of the study, n = 10 assistant dentists were undergoing further orthodontic training and n = 4 evaluators 
were orthodontic specialists at the Department of Orthodontics of the Johannes Gutenberg University Mainz.

The evaluators were divided into three groups according to

•	 little (≤ 1 year),

•	 moderate (≥ 2 years to ≤ 5 years), and

•	 extensive (> 5 years) orthodontic experience.

Accordingly,

•	 n = 4 raters had little orthodontic experience,

•	 n = 5 raters had moderate experience, and

•	 n = 5 raters had extensive orthodontic experience.

Each rater assessed the plaque accumulation of all n = 50 subjects and collected each of the three plaque indices once. 
All plaque indices were collected within a timeframe of two weeks, and the examinations were carried out at intervals of 
at least two days. All raters received a written description of the plaque indices in addition to a pictorial explanation for the 
evaluation.

Statistical analysis

In this study, the results of plaque indices were summarized in Excel 2013 (Microsoft Office 2013, Microsoft Corporation, Red-
mond, WA, USA). R 4.4.1 (The R Foundation for Statistical Computing, 2016, download: https://cloud.r-project.org) was used 
in performing the statistical analysis. Conversion of all plaque values to percentage plaque values was achieved as follows:

Plaque index (% )=
Total of plaque values
Number of surfaces

Highest graduation score
x 100

The inter-rater reliability related to the classification of the subjects into oral hygiene categories was determined with 
Fleiss’ Kappa for multiple raters [35] and interpreted according to Landis and Koch [36]. For this analysis, the percentage 

https://cloud.r-project.org
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plaque values of the four plaque indices were classified into the oral hygiene categories according to Lange [37]. Inter-
rater reliability using the percentage plaque values was analyzed using the intra-class correlation coefficient (ICC) [38]. In 
this study, the ICC (2.1) was applied and interpreted according to Cicchetti [39]. The ICC was determined with and without 
consideration of the orthodontic experience of the raters.

Results

Fleiss’ Kappa showed moderate agreement among the raters for all three plaque indices according to Landis and Koch 
with regard to the classification of the subjects in the same oral hygiene category (Table 1). The evaluators rated the oral 
hygiene of the subjects with the TQH and Attin indexes somewhat more consistently than with the mBB index.

The raters achieved excellent agreement with the Attin index in relation to the congruence of the plaque values according 
to the Cicchetti interpretation. With the TQH and mBB index, there was good agreement among the evaluators (Table 2).

In this study, the Attin index was found to be most appropriate for the raters with little orthodontic experience. For the 
raters with moderate orthodontic experience, there was no significant difference between the plaque indices. For the raters 
with a lot of orthodontic experience, the Attin index and the mBB index were found to be the most appropriate (Table 3).

Table 1.  Evaluation of the consistency of the oral hygiene categories among raters using Fleiss’ 
Kappa with 95% confidence intervals.

Plaque index Fleiss’ Kappa 95% CI

TQH 0.44 [0.42; 0.47]

Attin 0.44 [0.41;0.46]

mBB 0.38 [0.36;0.41]

https://doi.org/10.1371/journal.pone.0322528.t001

Table 2.  Evaluation of the consistency of plaque values among raters without considerations of 
their orthodontic experience with the ICC.

Plaque index ICC 95% CI

TQH 0.66 [0.50; 0.79]

Attin 0.75 [0.64; 0.83]

mBB 0.74 [0.60; 0.84]

https://doi.org/10.1371/journal.pone.0322528.t002

Table 3.  Evaluation of the consistency of plaque values among raters with consideration of their 
orthodontic experience with the ICC.

Plaque index Orthodontic experience ICC 95% CI

TQH little 0.63 [0.29; 0.81]

moderate 0.76 [0.59; 0.87]

a lot 0.68 [0.34; 0.84]

Attin little 0.81 [0.68; 0.89]

moderate 0.74 [0.58; 0.84]

a lot 0.78 [0.67; 0.86]

mBB little 0.76 [0.52; 0.88]

moderate 0.77 [0.55; 0.88]

a lot 0.76 [0.43; 0.89]

https://doi.org/10.1371/journal.pone.0322528.t003

https://doi.org/10.1371/journal.pone.0322528.t001
https://doi.org/10.1371/journal.pone.0322528.t002
https://doi.org/10.1371/journal.pone.0322528.t003
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Discussion

The use of plaque indices has been investigated less frequently in orthodontic studies than in dental studies. In 2010, 
Raggio et al. [40] analyzed the Silness and Löe index and the Turesky index concerning reliability and discriminatory 
ability in a dental study. Furthermore, Eaton et al. [41] and Kingman et al. [42] investigated the reliability of the Silness 
and Löe index. Quirynen et al. [43] tested the discriminatory ability of the Quigley-Hein index and other plaque indices in 
1991. Matthijs et al. [44] specified the intra-rater reproducibility of the Turesky index and the Navy plaque index according 
to Elliott et al. [45] in 2001. Marks et al. [46] also analyzed the Turesky index for reliability and reproducibility in 1993. Few 
recent studies have examined the reliability of conventional plaque indices [47–50]. Paschos et al. [21] are among the few 
authors who investigated the reliability of plaque indices in subjects with MB.

The results of our study show that the consistent classification of subjects into the same oral hygiene category by 
multiple raters using a plaque index proved difficult. The classification of plaque into subdivided oral hygiene categories 
is of particular clinical importance. Oral hygiene categories provide an indication of a patient’s oral hygiene status and 
help classify patients into an appropriate prophylaxis program. In daily clinical practice, the classification of patients into a 
prophylaxis program to improve or maintain oral hygiene is more important than a precisely determined plaque score. The 
calibration of multiple raters plays a minor role in the collection of plaque indices in practice as opposed to studies [51]. 
However, the present study showed that the subjects were classified into the same oral hygiene category by the raters 
with insufficient agreement. Consequently, the calibration of raters in practice may lead to a more consistent classification 
of patients into the same oral hygiene category. The correct classification of patients into the appropriate oral hygiene cat-
egory is relevant in clinical practice during orthodontic treatment with MB, as it helps to maintain or improve oral hygiene 
in the best possible way. A disadvantage of the classification of plaque values into oral hygiene categories was posed by 
the category boundaries. These resulted in two plaque indices being less consistent than was the case in reality.

The inter-rater reliability of the TQH index compared to the mBB index was better than the subsequent analysis with the 
ICC. Due to the higher number of scoring levels of the TQH index, the probability of agreement between the subjects’ oral 
hygiene categories was higher with the TQH index than with the mBB index. This may be the reason why, compared to 
the mBB index, the TQH index obtained a better result in the analysis of inter-rater reliability with Fleiss’ Kappa than in the 
analysis with the ICC.

The results of the ICC showed that an orthodontic plaque index (Attin index) and a combined dental and orthodontic 
plaque index (mBB index) were more appropriate for the raters than a modified TQH index. Compared with the three-
part vertical division of tooth surfaces of the TQH index, the four-part division of the mBB index possibly allowed a better 
assessment of plaque accumulation. In addition, the results indicated that the mBB index was easier to collect with a 
lower number of assessment grades than the TQH index. However, this meant that the mBB index lost precision. It should 
be noted that in this study the ICC was diminished by low variability in the subject population due to the inclusion criteria 
[52]. Orthodontic experience showed no significant effect on inter-rater reliability. The results of our study suggest that the 
number of dental surfaces to be evaluated may have played a role. The Attin index, which assessed the entire tooth sur-
face, was apparently easier to collect for raters with little orthodontic experience than the mBB and TQH indexes, which 
assessed multiple tooth surfaces.

In 2012, Hefti and Preshaw [53] pointed out the importance of training and calibration of raters when collecting a plaque 
index in clinical trials. The authors also mentioned appropriate procedures in this regard [53]. In this study, the inter-rater 
reliability of plaque indices was evaluated without training and/or calibrating the raters. It can be assumed that training 
and calibrating of the raters would lead to better inter-rater reliability. Consequently, training and calibration are of great 
importance when collecting conventional plaque indices in studies. Before the start of a planned study, it must always be 
ensured that the raters are trained and calibrated.

Numerous studies on the reliability of plaque indices in dentistry were found in the literature [49,50,54]. However, 
there are only a few studies on the reliability of plaque indices in orthodontics. In 2014, Paschos et al. [21] analyzed the 
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use of four plaque indices in subjects with MB. The study examined the orthodontic Attin index, the Modified Orthodontic 
Plaque Index according to Paschos et al., the Quigley-Hein index, and the Navy Plaque Index according to Clemmer 
and Barbano [55]. The Quigley-Hein index represented a dental plaque index, as did the TQH index in this study. The 
Modified Orthodontic Plaque Index, similar to the mBB index in this study, consisted of a combination of a dental and 
an orthodontic plaque index. The results of Paschos et al. were comparable to the results of our study. The study by 
Paschos et al. also showed better reliability for the Attin index and the Modified Orthodontic Plaque Index than for the 
Quigley-Hein index. The study by Paschos et al. further examined the plaque indices in terms of orthodontic experience. 
Their study found that the Quigley-Hein index as a dental plaque index was more sensitively related to educational level 
than an orthodontic or combined dental and orthodontic plaque index. The results of our study and the study by Paschos 
et al. were consistent with the literature in that dental plaque indices are inappropriate for patients with MB. In 2001, Mat-
thijs et al. [44] also pointed out difficulties in collecting the Turesky index. The aforementioned authors investigated the 
intra-rater reliability of the Turesky index in dental subjects. The study discussed the assumption that the raters changed 
the criteria for collecting the plaque index between two measurements. Matthijs et al. [44] mentioned the scoring levels 
of the Turesky index as a reason. The inter-rater reliability reported here is consistent with previous paediatric research, 
with an ICC of 0.68–0.88 and 0.48–0.77 for n = 2 raters [56]. In a study by Marks et al. [46], the Turesky index collected 
from n = 11 raters yielded an ICC of 0.70 [46]. The reason for the slightly better correlation compared with our study may 
have been the extensive training and calibration procedures of the raters. In addition, both studies were conducted on 
dental subjects.

In orthodontic studies, the Silness and Löe index is the most commonly used plaque index [57]. Like other plaque 
indices for orthodontic patients, this index was modified by Williams et al. [34]. Unlike all other conventional plaque 
indices, the Silness and Löe index assesses the thickness of the plaque. Silness and Löe [58] stated that the method 
of choice for distinguishing grade 1 and 2 of the Silness and Löe index is the use of a probe. Consequently, the collec-
tion of the Silness and Löe index with photographs is limited. In addition, the collection of this plaque index by multiple 
raters is complicated because the use of a probe results in damage to the plaque film [41]. For these reasons, the mBB 
index is a good alternative to the Silness and Löe index for scientific studies. In daily clinical practice, the focus is on 
the quick, easy application of plaque indices. Especially in patients with MB, the evaluation of oral hygiene and the 
motivation of the patient are of outstanding importance. Based on the results of this study, we recommend the use of 
the Attin Index, especially for everyday practice. The Attin index was developed specifically for daily use in the clinic 
and not for epidemiological and experimental studies [31]. In our study, the Attin index achieved comparable results 
to the mBB index in the evaluation of inter-rater reliability. In contrast to the mBB index, a plaque value per tooth is 
collected. This simplifies the practical application. The Attin index is thus well suited for orthodontic practice in patients 
with MB.

Conclusion

The mBB index used as a combined dental and orthodontic plaque index, and the Attin index used as an orthodontic 
plaque index, achieved good agreement among the raters. Consequently, we recommend these two plaque indices 
for determining plaque accumulation in patients with MB. The TQH index, the international standard plaque index, 
achieved the poorest agreement among raters and is therefore not suitable for use in patients with MB. In principle, 
when using conventional plaque indices, special attention should be paid to the training and calibration of the evalua-
tors in advance.

Acknowledgments

We acknowledge Dr. Judith Hoffrichter, Highline PR & Publishing, Sarah Hanagarth, Johanna Thomé, Annalies von Red-
witz and Juliane Schertler for their language editing services.



PLOS One | https://doi.org/10.1371/journal.pone.0322528  May 6, 2025 8 / 10

Author contributions

Conceptualization: Teresa Temming, Daniela Ohlendorf, Irene Schmidtmann, Heinrich Wehrbein.

Data curation: Teresa Temming.

Investigation: Teresa Temming.

Methodology: Christina Erbe, Teresa Temming, Daniela Ohlendorf.

Project administration: Christina Erbe, Teresa Temming, Irene Schmidtmann, Ambili Mundethu, Priscila Ferrari-Peron.

Resources: Irene Schmidtmann.

Software: Daniela Ohlendorf, Irene Schmidtmann.

Supervision: Christina Erbe, Daniela Ohlendorf, Irene Schmidtmann, Ambili Mundethu, Heinrich Wehrbein, Priscila 
Ferrari-Peron.

Validation: Irene Schmidtmann.

Visualization: Irene Schmidtmann.

Writing – original draft: Christina Erbe, Teresa Temming, Heinrich Wehrbein.

Writing – review & editing: Christina Erbe, Teresa Temming, Daniela Ohlendorf, Irene Schmidtmann, Ambili Mundethu, 
Heinrich Wehrbein, Priscila Ferrari-Peron.

References
	 1.	 Jordan AR, Stark H, Nitschke I, et al. Epidemiological trends, predictive factors, and projection of tooth loss in Germany 1997-2030: part I. missing 

teeth in adults and seniors. Clin Oral Investig. 2021;25:67–76.

	 2.	 Chen I, Chung J, Vella R, Weinstock GM, Zhou Y, Jheon AH. Alterations in subgingival microbiota during full-fixed appliance orthodontic treat-
ment—A prospective study. Orthod Craniofac Res. 2022;25:260–8. https://doi.org/10.1111/ocr.12534 PMID: 34538018

	 3.	 Klukowska M, Bader A, Erbe C, Bellamy P, White DJ, Anastasia MK, et al. Plaque levels of patients with fixed orthodontic appliances measured by 
digital plaque image analysis. Am J Orthod Dentofacial Orthop. 2011;139(5):463–70. https://doi.org/10.1016/j.ajodo.2010.05.019 PMID: 21536188

	 4.	 Karabekiroğlu S, Ünlü N, Küçükyilmaz E, Şener S, Botsali MS, Malkoç S. Treatment of post-orthodontic white spot lesions with CPP-ACP paste: A 
three year follow up study. Dent Mater J. 2017;36:791–7. https://doi.org/10.4012/dmj.2016-228 PMID: 28835597

	 5.	 Reichardt E, Geraci J, Sachse S, et al. Qualitative and quantitative changes in the oral bacterial flora occur shortly after implementation of fixed 
orthodontic appliances. Am J Orthod Dentofac Orthop. 2019;156:735–44.

	 6.	 Hodges K, Famuliner P, Kingsley K, et al. Oral Prevalence of Selenomonas noxia Differs among Orthodontic Patients Compared to Non-
Orthodontic Controls: A Retrospective Biorepository Analysis. Pathogens; 13. Epub ahead of print 8 August 2024. https://doi.org/10.3390/
pathogens13080670

	 7.	 Yañez-Vico R, Iglesias-Linares A, Ballesta-Mudarra S, Ortiz-Ariza E, Solano-Reina E, Perea E-J. Short-term effect of removal of fixed orthodontic 
appliances on gingival health and subgingival microbiota: a prospective cohort study. Acta Odontol Scand. 2015;73:496–502. PMID: 25631494

	 8.	 Mei L, Chieng J, Wong C, Benic G, Farella M. Factors affecting dental biofilm in patients wearing fixed orthodontic appliances. Prog Orthod. 
2017;18:4. https://doi.org/10.1186/s40510-016-0158-5 PMID: 28133715

	 9.	 Mizrahi E. Enamel demineralization following orthodontic treatment. Am J Orthod. 1982;82:62–7. https://doi.org/10.1016/0002-9416(82)90548-6 
PMID: 6984291

	10.	 Gwinnett AJ, Ceen RF. Plaque distribution on bonded brackets: a scanning microscope study. Am J Orthod 1979; 75: 667–77.

	11.	 Salerno C, Grazia Cagetti M, Cirio S, Esteves-Oliveira M, Wierichs RJ, Kloukos D, et al. Distribution of initial caries lesions in relation to fixed ortho-
dontic therapy. A systematic review and meta-analysis. Eur J Orthod. 2024;46:cjae008. https://doi.org/10.1093/ejo/cjae008 PMID: 38387465

	12.	 Papageorgiou SN, Xavier GM, Cobourne MT, Eliades T. Effect of orthodontic treatment on the subgingival microbiota: A systematic review and 
meta-analysis. Orthod Craniofac Res. 2018;21:175–85. https://doi.org/10.1111/ocr.12237 PMID: 30028077

	13.	 AlMoharib HS, Alqasem A, Almusfer G, Aldosari MA, Almadhoon HW. The effectiveness of water jet flossing and interdental flossing for oral 
hygiene in orthodontic patients with fixed appliances: a randomized clinical trial. BMC Oral Health. 2024;24:498. https://doi.org/10.1186/s12903-
024-04166-0 PMID: 38678246

	14.	 Johal A, Shagmani M, Alfuraih O, Arad I. Long-term comparison of the efficacy of manual versus powered tooth brushing in adolescent orthodon-
tic patients: a single-centre, parallel design randomized clinical trial. Eur J Orthod. 2023;45:808–17. https://doi.org/10.1093/ejo/cjad042 PMID: 
37708303

https://doi.org/10.1111/ocr.12534
http://www.ncbi.nlm.nih.gov/pubmed/34538018
https://doi.org/10.1016/j.ajodo.2010.05.019
http://www.ncbi.nlm.nih.gov/pubmed/21536188
https://doi.org/10.4012/dmj.2016-228
http://www.ncbi.nlm.nih.gov/pubmed/28835597
https://doi.org/10.3390/pathogens13080670
https://doi.org/10.3390/pathogens13080670
http://www.ncbi.nlm.nih.gov/pubmed/25631494
https://doi.org/10.1186/s40510-016-0158-5
http://www.ncbi.nlm.nih.gov/pubmed/28133715
https://doi.org/10.1016/0002-9416(82)90548-6
http://www.ncbi.nlm.nih.gov/pubmed/6984291
https://doi.org/10.1093/ejo/cjae008
http://www.ncbi.nlm.nih.gov/pubmed/38387465
https://doi.org/10.1111/ocr.12237
http://www.ncbi.nlm.nih.gov/pubmed/30028077
https://doi.org/10.1186/s12903-024-04166-0
https://doi.org/10.1186/s12903-024-04166-0
http://www.ncbi.nlm.nih.gov/pubmed/38678246
https://doi.org/10.1093/ejo/cjad042
http://www.ncbi.nlm.nih.gov/pubmed/37708303


PLOS One | https://doi.org/10.1371/journal.pone.0322528  May 6, 2025 9 / 10

	15.	 Kamath DG, Nadimpalli H, Nayak SU, Rajendran V, Natarajan S. Comparison of antiplaque and anti-gingivitis effects of aloe vera mouthwash with 
chlorhexidine in fixed orthodontic patients-A randomized controlled trial. Int J Dent Hyg. 2023;21:211–8. https://doi.org/10.1111/idh.12615 PMID: 
35943370

	16.	 Kim J-H, Yu J-H, Mangal U, Liu J, Jung H-J, Cha J-Y. Evaluation of dental plaque reduction using microcurrent-emitting toothbrushes in orthodontic 
patients: a randomized, double-blind, crossover clinical trial. Sci Rep. 2024;14:12126. https://doi.org/10.1038/s41598-024-60753-9 PMID: 38802414

	17.	 Maspero C, Galbiati G, Giannini L, Zanoni F, Farronato M, Esposito L. Evaluation of patients’ compliance in different age groups: preventive meth-
odology. Minerva Stomatol. 2018;67:37–44. PMID: 29243447

	18.	 Rikvold PD, Del Rey YC, Johnsen KK, Schlafer S. Semi-Automated Planimetric Quantification of Dental Plaque Using an Intraoral Fluorescence 
Camera. J Vis Exp. 2023; Epub ahead of print 27 January 2023. https://doi.org/10.3791/65035 PMID: 36779621

	19.	 Miller CC, Burnside G, Higham SM, Flannigan NL. Quantitative Light-induced Fluorescence-Digital as an oral hygiene evaluation tool to assess 
plaque accumulation and enamel demineralization in orthodontics. Angle Orthod. 2016;86:991–7. https://doi.org/10.2319/092415-648.1 PMID: 
27007753

	20.	 Klaus K, Glanz T, Glanz AG, Ganss C, Ruf S. Comparison of Quantitative light-induced fluorescence-digital (QLF-D) images and images of 
disclosed plaque for planimetric quantification of dental plaque in multibracket appliance patients. Sci Rep. 2020;10:4478. https://doi.org/10.1038/
s41598-020-61454-9 PMID: 32161288

	21.	 Paschos E, Bücher K, Huth KC, Crispin A, Wichelhaus A, Dietel T. Is there a need for orthodontic plaque indices?--diagnostic accuracy of four 
plaque indices. Clin Oral Investig. 2014;18(4):1351–8. https://doi.org/10.1007/s00784-013-1076-2 PMID: 23925473

	22.	 La Rosa GRM, Chapple I, Polosa R, Pedullà E. A scoping review of new technologies for dental plaque quantitation: Benefits and limitations. J 
Dent. 2023;139:104772. https://doi.org/10.1016/j.jdent.2023.104772 PMID: 37939996

	23.	 Escribano M, Figuero E, Martín C, Tobías A, Serrano J, Roldán S, et al. Efficacy of adjunctive anti-plaque chemical agents: a systematic review 
and network meta-analyses of the Turesky modification of the Quigley and Hein plaque index. J Clin Periodontol. 2016;43:1059–73. https://doi.
org/10.1111/jcpe.12616 PMID: 27531174

	24.	 Turesky S, Gilmore N, Glickman I. Reduced plaque formation by the chloromethyl analogue of victamine C. J Periodontol. 1970;41:41–3. https://
doi.org/10.1902/jop.1970.41.41.41 PMID: 5264376

	25.	 Iyer N, Chandna S, Loomba A, et al. Plaque removal efficacy of Colgate 360 toothbrush: A clinical study. Contemp Clin Dent. 2016;7:317. https://
doi.org/10.4103/0976-237X.188546 PMID: 27630494

	26.	 Ashkenazi M, Salem NF, Garon S, Levin L. Evaluation of Orthodontic and Triple-headed Toothbrushes When Used Alone or in Conjunction with 
Single-tufted Toothbrush in Patients with Fixed Lingual Orthodontic Appliances. A Randomized Clinical Trial. N Y State Dent J. 2015;81(3):31–7. 
PMID: 26094361

	27.	 Marini I, Bortolotti F, Parenti SI, Gatto MR, Bonetti GA. Combined effects of repeated oral hygiene motivation and type of toothbrush on orthodontic 
patients: a blind randomized clinical trial. Angle Orthod. 2014;84:896–901. https://doi.org/10.2319/112113-856.1 PMID: 24641783

	28.	 Farook FF, Alrumi A, Aldalaan K, Ababneh K, Alshammari A, Al-Khamees AA, et al. The efficacy of manual toothbrushes in patients with fixed ortho-
dontic appliances: a randomized clinical trial. BMC Oral Health. 2023;23:315. https://doi.org/10.1186/s12903-023-03035-6 PMID: 37221525

	29.	 Aykol-Sahin G, Ay-Kocabas B, Mert B, Usta H, et al. Effectiveness of different types of toothbrushes on periodontal health in orthodontic patients 
with gingivitis: A randomized controlled study. BMC Oral Health. 2024;24:1289.

	30.	 Cugini M, Thompson M, Warren P. Correlations between two plaque indices in assessment of toothbrush effectiveness. J Contemp Dent Pract. 
2006;7:1–9. https://doi.org/10.5005/jcdp-7-5-1 PMID: 17091134

	31.	 Attin R. Vorstellung eines neuen Plaqueindex zur Kontrolle und Motivation kieferorthopädischer Patienten. Informationen Aus Orthod Kieferortho-
pädieInformationen Aus Orthod Kieferorthopädie. 2005;37:271–3.

	32.	 Delaurenti M, Putt M, Milleman JL, et al. Plaque Removal by Sonicare and Manual Toothbrushes in Orthodontic Subjects. J Dent Res Internet. 
2008. Available from: https://www.philips.com/c-dam/b2c/hu_HU/experience/Comparison-of-plaque-removal-in-orthodontic-subjects-by-Soni-
care-FlexCare-and-a-manual-toothbrush.pdf

	33.	 Greene JC, Vermillion JR. The oral hygiene index: a method for classifying oral hygiene status. J Am Dent Assoc. 1960;61:172–9.

	34.	 Williams P, Clerehugh V, Worthington H, et al. Comparison of two plaque indices for use in fixed orthodontic appliance patients. J Dent.

	35.	 Fleiss J Measuring nominal scale agreement among many raters. Psychol Bull. 1971;76:378–82.

	36.	 Richard L, Koch G. The Measurement of Observer Agreement for Categorical Data. Biom Internet. 1977;33:159–74.

	37.	 Lange D. Parodontologie in der täglichen Praxis. 1st ed. Berlin: Quintessenz-Verlags-Gesellschaft; 1981.

	38.	 BartkoJ.The Intraclass Correlation Coefficient as a Measure of Reliability. Psychological Reports. 19:3–11.

	39.	 Cicchetti D. Guidelines, criteria, and rules of thumb for evaluating normed and standardized assessment instruments in psychology. Psychol 
Assess. 6:284–90.

	40.	 Raggio D, Braga M, Rodrigues J, et al. Reliability and discriminatory power of methods for dental plaque quantification. J Appl Oral Sci. 18:186–93.

	41.	 Eaton KA, Rimini FM, Zak E, Brookman DJ, Newman HN. The achievement and maintenance of inter-examiner consistency in the assessment of 
plaque and gingivitis during a multicentre study based in general dental practices. J Clin Periodontol. 1997;24:183–8. https://doi.org/10.1111/j.1600-
051x.1997.tb00489.x PMID: 9083903

https://doi.org/10.1111/idh.12615
http://www.ncbi.nlm.nih.gov/pubmed/35943370
https://doi.org/10.1038/s41598-024-60753-9
http://www.ncbi.nlm.nih.gov/pubmed/38802414
http://www.ncbi.nlm.nih.gov/pubmed/29243447
https://doi.org/10.3791/65035
http://www.ncbi.nlm.nih.gov/pubmed/36779621
https://doi.org/10.2319/092415-648.1
http://www.ncbi.nlm.nih.gov/pubmed/27007753
https://doi.org/10.1038/s41598-020-61454-9
https://doi.org/10.1038/s41598-020-61454-9
http://www.ncbi.nlm.nih.gov/pubmed/32161288
https://doi.org/10.1007/s00784-013-1076-2
http://www.ncbi.nlm.nih.gov/pubmed/23925473
https://doi.org/10.1016/j.jdent.2023.104772
http://www.ncbi.nlm.nih.gov/pubmed/37939996
https://doi.org/10.1111/jcpe.12616
https://doi.org/10.1111/jcpe.12616
http://www.ncbi.nlm.nih.gov/pubmed/27531174
https://doi.org/10.1902/jop.1970.41.41.41
https://doi.org/10.1902/jop.1970.41.41.41
http://www.ncbi.nlm.nih.gov/pubmed/5264376
https://doi.org/10.4103/0976-237X.188546
https://doi.org/10.4103/0976-237X.188546
http://www.ncbi.nlm.nih.gov/pubmed/27630494
http://www.ncbi.nlm.nih.gov/pubmed/26094361
https://doi.org/10.2319/112113-856.1
http://www.ncbi.nlm.nih.gov/pubmed/24641783
https://doi.org/10.1186/s12903-023-03035-6
http://www.ncbi.nlm.nih.gov/pubmed/37221525
https://doi.org/10.5005/jcdp-7-5-1
http://www.ncbi.nlm.nih.gov/pubmed/17091134
https://www.philips.com/c-dam/b2c/hu_HU/experience/Comparison-of-plaque-removal-in-orthodontic-subjects-by-Sonicare-FlexCare-and-a-manual-toothbrush.pdf
https://www.philips.com/c-dam/b2c/hu_HU/experience/Comparison-of-plaque-removal-in-orthodontic-subjects-by-Sonicare-FlexCare-and-a-manual-toothbrush.pdf
https://doi.org/10.1111/j.1600-051x.1997.tb00489.x
https://doi.org/10.1111/j.1600-051x.1997.tb00489.x
http://www.ncbi.nlm.nih.gov/pubmed/9083903


PLOS One | https://doi.org/10.1371/journal.pone.0322528  May 6, 2025 10 / 10

	42.	 Kingman A, Löe H, Anerud A, Boysen H. Errors in measuring parameters associated with periodontal health and disease. J Periodontol. 
1991;62:477–86. https://doi.org/10.1902/jop.1991.62.8.477 PMID: 1920014

	43.	 Quirynen M, Dekeyser C, van Steenberghe D. Discriminating power of five plaque indices. J Clin Periodontol. 1991;62:100–5.

	44.	 Matthijs S, Sabzevar MM, Adriaens PA. Intra‐examiner reproducibility of 4 dental plaque indices. J Clin Periodontol. 2001;28:250–4.

	45.	 Elliott J, Bowers G, Clemmer B, Rovelstad G. Evaluation of an oral physiotherapy center in the reduction of bacterial plaque and periodontal dis-
ease. J Periodontol. 1972;43:221–4. https://doi.org/10.1902/jop.1972.43.4.221 PMID: 4505609

	46.	 Marks RG, Magnusson I, Taylor M, Clouser B, Maruniak J, Clark WB. Evaluation of reliability and reproducibility of dental indices. J Clin Periodon-
tol. 1993;20:54–58. PMID: 8421117

	47.	 Gil EG, Åstrøm AN, Lie SA, et al. Dental plaque and gingival bleeding in adolescents with juvenile idiopathic arthritis and controls: a multilevel 
analysis. Acta Odontol Scand. 2023;81:50–65.

	48.	 Gil GS, Morikava FS, Santin GC, et al. Reliability of self-reported toothbrushing frequency as an indicator for the assessment of oral hygiene in 
epidemiological research on caries in adolescents: a cross-sectional study. BMC Med Res Methodol. 2015;15:14. https://doi.org/10.1186/s12874-
015-0002-5 PMID: 25887179

	49.	 Kim HE, Kim BI. The New Marginal Plaque Index May Allow a More Valid Assessment of Gingival Plaque Level Than the Turesky Modification of 
the Quigley and Hein Index. J Evid Based Dent Pr. 2017;17:416–9.

	50.	 Fjeld KG, Eide H, Mowe M, et al. Dental hygiene registration: development, and reliability and validity testing of an assessment scale designed for 
nurses in institutions. J Clin Nurs. 2017;26:1845–53.

	51.	 Garnick JJ. Use of indexes for plaque control. J Am Dent Assoc. 1973;86:1325–8. https://doi.org/10.14219/jada.archive.1973.0275 PMID: 4512740

	52.	 Bland JM, Altman DG. A note on the use of the intraclass correlation coefficient in the evaluation of agreement between two methods of measure-
ment. Comput Biol Med. 1990;20:337–40. https://doi.org/10.1016/0010-4825(90)90013-f PMID: 2257734

	53.	 Hefti AF, Preshaw PM. Examiner alignment and assessment in clinical periodontal research. Periodontol 2000. 2012;59(1):41–60. https://doi.
org/10.1111/j.1600-0757.2011.00436.x PMID: 22507059

	54.	 Carvalho JC, Mestrinho HD, Oliveira LS, et al. Validation of the Visible Occlusal Plaque Index (VOPI) in estimating caries lesion activity. J Dent. 
2017;64:37–44.

	55.	 Clemmer BA, Barbano JP. Reproducibility of periodontal scores in clinical trials. J Periodontal Res Suppl. 1974;14:118–28. https://doi.
org/10.1111/j.1600-0765.1974.tb01774.x PMID: 4281011

	56.	 Davidovich E, Ccahuana-Vasquez RA, Timm H, et al. Randomised clinical study of plaque removal efficacy of a power toothbrush in a paediatric 
population. Int J Paediatr Dent. 2017;27:558–67. https://doi.org/10.1111/ipd.12298 PMID: 28494116

	57.	 Al-Anezi SA, Harradine NWT. Quantifying plaque during orthodontic treatment: A systematic review. Angle Orthod. 2012;82:748–53. https://doi.
org/10.2319/050111-312.1 PMID: 22044115

	58.	 Silness J, Loe H. Periodontal disease in pregnancy II. Correlation between oral hygiene and periodontal condition. Acta Odontol Scand. 
1964;22:121–35. https://doi.org/10.3109/00016356408993968 PMID: 14158464

https://doi.org/10.1902/jop.1991.62.8.477
http://www.ncbi.nlm.nih.gov/pubmed/1920014
https://doi.org/10.1902/jop.1972.43.4.221
http://www.ncbi.nlm.nih.gov/pubmed/4505609
http://www.ncbi.nlm.nih.gov/pubmed/8421117
https://doi.org/10.1186/s12874-015-0002-5
https://doi.org/10.1186/s12874-015-0002-5
http://www.ncbi.nlm.nih.gov/pubmed/25887179
https://doi.org/10.14219/jada.archive.1973.0275
http://www.ncbi.nlm.nih.gov/pubmed/4512740
https://doi.org/10.1016/0010-4825(90)90013-f
http://www.ncbi.nlm.nih.gov/pubmed/2257734
https://doi.org/10.1111/j.1600-0757.2011.00436.x
https://doi.org/10.1111/j.1600-0757.2011.00436.x
http://www.ncbi.nlm.nih.gov/pubmed/22507059
https://doi.org/10.1111/j.1600-0765.1974.tb01774.x
https://doi.org/10.1111/j.1600-0765.1974.tb01774.x
http://www.ncbi.nlm.nih.gov/pubmed/4281011
https://doi.org/10.1111/ipd.12298
http://www.ncbi.nlm.nih.gov/pubmed/28494116
https://doi.org/10.2319/050111-312.1
https://doi.org/10.2319/050111-312.1
http://www.ncbi.nlm.nih.gov/pubmed/22044115
https://doi.org/10.3109/00016356408993968
http://www.ncbi.nlm.nih.gov/pubmed/14158464
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

