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Brief communication: dentists’ reproducibility 
in scoring the plaque index using a fluorescent
colouring agent
Précis

The levels of agreement of the Silness-Löe plaque index measurements using Plaque Test (a fluorescent colouring agent)

were fair to good among eight dentists.

Abstract

Statement of the problem: Fluorescein is a plaque detection agent, which fluoresces yellow-green when excited with blue

light (dental light curing lamp). Little is known about the reproducibility of scoring with the Silness-Löe plaque index (1964)

when using this agent.

Purpose of the study: To evaluate the level of agreement of the plaque index measurements using a fluorescent colouring

agent among eight dentists.

Materials and methods: Eight dentists in Cork were recruited as examiners for a randomised clinical study investigating

the impact of a personalised caries prevention approach. They were trained and calibrated in the use of the plaque index

using Plaque Test (Ivoclar Vivadent, Liechtenstein) in the Oral Health Services Research Centre and School of Dental

Hygiene, University College Cork. For inter-examiner and intra-examiner reproducibility, a previously calibrated ‘gold

standard’ examiner and seven dentists examined 10 to 12 subjects each, while one dentist examined four subjects only for

inter-examiner reproducibility. The adult subjects were recruited at the Cork University Dental School and Hospital. To

evaluate inter-examiner and intra-examiner reproducibility at site level, squared weighted kappa statistics were calculated.

Results: The weighted kappa statistics varied from 0.31 to 0.54 for inter-examiner reproducibility under the acceptable

level (kappa statistics = 0.60) for research purposes and from 0.43 to 0.65 for intra-examiner reproducibility.

Conclusions: The levels of agreement were fair to good. Further studies are needed, preferably including a qualitative

study to analyse feedback from dentists to determine the cause of such variation. This study re-emphasises the importance

of clinician calibration ahead of clinical studies.
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Introduction

Dental plaque (biofilm) is the community of microorganisms on a tooth surface,

consisting of a variety of acidogenic, non-acidogenic, and base-producing

organisms.1 Therefore, plaque level is an important factor for the assessment of

an individual’s risk of caries and periodontal diseases.2,3 Visualising dental

plaque with a disclosing agent is effective not only for risk assessment, but also

for patient education.4

There are various formulations of disclosing agents. One of them is fluorescein

that fluoresces yellow-green when excited with blue light (dental light curing

lamp) (Figure 1). Since fluorescein is invisible in daylight,5 this plaque

detection agent is aesthetically preferable to patients. It stains most plaque

components, with the possible exception of the pellicle.6 Fluorescein as a

plaque-disclosing agent was introduced by Brilliant in 1967 (US Patent 3-309-

274; 1967). When fluorescein came to market, it was considered to have

fulfilled the ideal characteristics of a plaque-disclosing agent.7

Given the anticipated benefits of using a disclosing dye on patients that would

not be visible following plaque assessment, we decided to evaluate fluorescein

as a suitable disclosing agent with the Silness-Löe plaque index (1964),8 which

we planned to use for a randomised controlled clinical study investigating caries

risk assessment. Little is known about the reproducibility of the plaque index

when using this disclosing agent. The aim of the present study was to evaluate

the level of agreement of Silness-Löe plaque index measurements using a

fluorescein (Plaque Test – Ivoclar Vivadent; Liechtenstein) among eight

dentists.

Materials and methods

Eight dentists (volunteers) in Cork were recruited as examiners for a clinical

study investigating caries risk parameters with the cariogram.9 This required the

dentists to be proficient in the use of the Silness-Löe plaque index (1964).8 The

methodology described here covers: (1) the calibration training (lecture plus

clinical session); and, (2) the calibration assessment of these eight dentists in

the use of the plaque index using Plaque Test (Figure 1). All subjects for both:

(1) the calibration training; and, (2) the calibration assessment provided

informed consent prior to being examined. The Clinical Research Ethics

Committee of the Cork Teaching Hospitals approved the calibration exercise.

The Dental Council of Ireland approved the tuition, training and calibration of

the trainee-examiner dentists as part of its continued professional development

(CPD) programme.

The conference room at the Oral Health Services Research Centre (OHSRC) and

dental units in the adjacent School of Dental Hygiene were used. A front

surface mirror size 4 head or equivalent, a visible light curing unit, disposable

applicator brushes and a dappen glass were prepared. The eight dentists and

the gold standard examiner (Professor of Restorative Dentistry

(Periodontology) in University College Cork) were supplied with a bottle (11g)

of Plaque Test. Protective glasses were placed on each subject before the oral

examination commenced. As each subject was examined by multiple dentists,

in order to avoid disturbing the dental plaque, only visual inspection was

recommended and the use of the community periodontal index (CPI) probe

avoided. Before each clinical examination, Plaque Test was applied according

to the manufacturer’s instructions on the four surfaces of six reference teeth

(upper right first molar, upper right lateral incisor, upper left first premolar,

lower left first molar, lower left lateral incisor and lower right first premolar).

Each dentist reapplied Plaque Test throughout the study using a disposable

applicator brush. Each of the four surfaces of the six reference teeth was scored

0-3 to record both soft debris and mineralised deposits (Table 1). Missing

teeth were not substituted.

1) The calibration training (lecture with clinical session)

As theoretical background, the gold standard examiner (AR; previously

calibrated for industry clinical trials) gave the eight trainee-examiner

PEER-REVIEWED

Journal of the Irish Dental Association | Aug/Sept 2017 : Vol 63 (4) 213

Table 1: Description of scores used by the Silness-Löe Plaque Index.8

Score     Description

0            No plaque

1a           A film of plaque adhering to the free gingival margin and adjacent

area of the tooth. The plaque may be seen in situ only after

application of disclosing solution on the tooth surface.

2            Moderate accumulation of soft deposits within the gingival pocket

or on the tooth and gingival margin which can be seen with the

naked eye.

3            Abundance of soft matter within the gingival pocket and/or on the

tooth and gingival margin.

aScore 1 was modified for the current study.

FIGURE 1: Colour change of Plaque Test with and without blue light.



dentists a 40-minute interactive presentation/discussion, during which

clinical photographs of patients who had been disclosed with Plaque Test

were used to discuss the scoring system for the Silness-Löe plaque index.

Immediately following this theory training, the gold standard examiner and

the eight dentists had a clinical training session with eight patient subjects.

During this hour-long practical training, the gold standard examiner

discussed the recorded scores in detail with the trainee examiners until

they could confidently categorise the level of dental plaque present.

2) Determining both inter- and intra-examiner reproducibility

To permit determination of the kappa statistics for both inter- and intra-

examiner reproducibility of plaque assessment, the eight trainee-examiner

dentists returned to the clinic to examine a second convenience sample of

12 patients one week after training. The gold standard examiner examined

all 12 subjects, seven trainee examiners each examined 10-11 of the 12

subjects, while one trainee examiner had to leave early due to personal

reasons and only examined four subjects. Each of the seven trainee

examiners re-examined their 10-11 subjects approximately 1.5 hours after

their first examination. The subjects were aged between 19 and 75 years

(mean age: 40.9±23.9 years, median age: 25) and were recruited through

the restorative clinic at Cork University Dental School and Hospital.

For this calibration assessment session, the sample size for required tooth

surfaces was calculated for the Cohen’s kappa statistic (un-weighted) with

a null hypothesis value (an unacceptably low level of agreement) as 0.6010

and an alternative hypothesis value (a clinically acceptable level of

agreement) as 0.75 which was derived from recent available literature.11,12

The marginal probabilities given by examiners were estimated from the

results of the training session as 0.10, 0.40, 0.30, and 0.20 for scores 0, 1,

2 and 3, respectively. Given these data with a significance level of 5%

(two-sided) and a power for that detection of 80%, we estimated that 147

tooth surfaces (seven subjects) would be needed per examiner. Therefore,

also considering that some patients may be missing a reference tooth or

teeth, we recruited ten subjects to have well over the 147 surfaces needed.

It should be noted that there was an inherent assumption that the 147

surfaces are independent, although some of the given surfaces were from

the same teeth within the same patient. We calculated how many times

each subject was examined for inter- and intra-reproducibility and gold

standard measurement, and squared weighted kappa statistics for all sites

examined to evaluate inter-examiner and intra-examiner reproducibility at

site level using a statistical programme, R.13 We did not calculate kappa

statistics for the calibration training session.

Results

On average, each subject was examined 13.1±4.7 times during the calibration

assessment session. The maximum value was 16 times. For inter-examiner

reproducibility, one dentist examined 11 subjects, six dentists examined ten

subjects each, and one dentist examined four subjects (Table 2). The number

of examined tooth surfaces per trainee examiner was 184 for five dentists, and

208, 160 and 60 for the other three dentists. The kappa results for inter-

examiner reproducibility were moderate for five dentists (0.42 to 0.54), and fair

for the other three dentists (0.31 to 0.40).

For intra-examiner reproducibility, seven dentists examined ten subjects and six

dentists examined one subject (Table 2). One dentist did not examine any

subject for intra-examiner reproducibility. Numbers of examined tooth surfaces

were 184 for six dentists, 160 for one dentist, and zero for one dentist. The

results of the kappa value for intra-examiner reproducibility were that two

dentists were barely good (0.64, 0.65) and the other five dentists were

moderate (0.43 to 0.56).

Usually, 0.60 is considered acceptable for research purposes.10 Thus, we have

decided that the kappa results were poor enough to reject using Plaque Test in

the planned randomised controlled clinical study by the eight dentists.

Discussion

The current study presented fair to moderate inter-examiner reproducibility

and moderate to good intra-examiner reproducibility using Plaque Test among

eight dentists. All of the participating dentists were experienced dental

practitioners, with three dentists also working as clinical instructors at the Cork

University Dental School and Hospital, and one dentist often participating in

clinical trials with the OHSRC. However, none of the trainee examiners reached

good reproducibility (0.61 to 0.80); if the reproducibility value is below 0.60,

little confidence should be placed in the study results.10 We discuss possible

reasons for the poor reproducibility considering two aspects: the Silness-Löe

plaque index and the Plaque Test.

The Silness-Löe plaque index has been widely used and is respected.14

However, if the plaque deposits are disturbed during data collection, it is

difficult to conduct repeat evaluations with multiple examiners.14 Therefore,

the trainee examiners and the gold standard could not collect dental plaque

from the subjects by running a probe over their tooth surfaces; furthermore,

the plaque index measures the thickness of gingival plaque with no

consideration of the coronal extension of the plaque.14 Nonetheless, the

reproducibility of the plaque index in the current study was lower than in

previous studies using the same plaque index. For example, Paschoal et al.11

reported that their intra- and inter-kappa index values were 0.75; Markeviciute

and Narbutaite15 reported that their inter-examiner reproducibility was 0.76;

Zini et al.16 reported that all kappa index values were above a level of 0.87 for

intra-examiner agreement. It is unknown whether these studies used a

disclosing agent or not.

In relation to using Plaque Test as a disclosing agent product, to the best of

our knowledge, there has been no published literature reporting low
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Table 2: Numbers of patients/tooth surfaces and inter- and intra-
reproducibility by trainee-examiner dentist

   Trainee-       Number of       Number of            Inter-                Intra-
  examiner        patients       tooth surfaces reproducibility reproducibility
 dentist ID   inter/intra*     inter/intra*

        1 4/0 60/0 0.54 -

        2 10 184 0.42 0.53

        3 10 184 0.40 0.64

        4 11/10             208/184 0.47 0.55

        5 10 184 0.42 0.65

        6 10 184 0.43 0.56

        7 10 184 0.31 0.43

        8 10 160 0.32 0.45

* When the numbers are different between inter-examiner
and intra-examiner, both numbers are presented.



reproducibility for plaque assessment. In the current study, however, multiple

examiners reported that Plaque Test did not stay on tooth surfaces and that it

was difficult to detect plaque consistently, though caution is necessary in

considering this reason as examiner feedback was collected spontaneously and

not in a manner appropriate to a qualitative study. Clinicians should note its

viscosity in use; Zingler et al.,17 who used Plaque Test in their study, described

that it will be necessary to insert cheek retractors and cotton rolls between the

upper and lower teeth, and the teeth should be carefully air-dried. In addition,

Plaque Test needs a fluorescent curing light, which is an additional variable and

a possible influencing factor. The gold standard noticed that the tip of the

curing light only had to be in the vague vicinity of the surface being examined,

since having the tip further away was better. Although the dentists were

informed of this, we did not set a definite distance and did not calibrate our

curing lights.

We applied squared weighted kappa statistics for the current study. For the

plaque index, being one scale unit off from perfect agreement is not as serious

an error as being two units away from agreement, and weighted kappas are

better statistics for examining reproducibility than the unweighted kappas.18

Spolsky and Gornbein mention that since squared weights give a slightly higher

value to the near misses than linear weights, squared weights are preferable

and more consistent with the clinical rationale. Thus, we applied the higher

squared weighted kappa values rather than using unweighted kappa and linear

weights. As it is unknown which type of kappa statistics were used for previous

studies on the Silness-Löe plaque index, it could be that the reproducibility of

the plaque index in the current study might be even lower than in previous

studies.

Fluorescein – Plaque Test was chosen as fluorescent colouring agents have an

advantage for patients, given that they do not stain hard and soft tissues.

Fluorescein has been regarded as fulfilling the ideal characteristics of a plaque-

disclosing agent, such as: (1) to stain specifically bacterial plaque; (2) to

contrast with the gingiva; (3) to be non-pathogenic and non-antibacterial; and,

(4) to be convenient and pleasant to use and aesthetically acceptable to the

patient.7 Although a visible light curing unit is necessary for their use,

nowadays every dental practice is equipped with such units for resin

polymerisation. It would thus be easy for dental practices to introduce the use

of fluorescent colouring agents.

Due to the calibration results, we chose not to use any disclosing agent in the

randomised controlled clinical study but to apply a clinical estimation of plaque

amount by visual overall inspection according to the cariogram manual.19 This

method is based on a scale from score 0 to score 3, using a description similar

to the Silness-Löe plaque index. Nevertheless, if air flow is commonly

equipped, a visible dye may be a better alternative. Chetrus and Ion showed

that air flow with sodium bicarbonate powder removed 100% of plaque dyed

with fuchsin colouration, while professional cleaning removed 86%.20 Another

possible option is visualising mature dental plaque (more pathogenic)21 with

the Quantitative Light-induced Fluorescence (QLF) device. The phenomenon

of red fluorescence emitted by dental plaque itself after excitation with blue

light at 405nm from a QLF device has been studied intensively.14,22-25 The red

fluorescent plaque (RFP) is probably associated with the metabolic products of

the mature dental plaque.25 However, the correlation between RFP and

disclosed plaque is not strong.14,22

Limitations of the current study are that the study design was originally

developed in preparation for a randomised controlled clinical study, that the

number of dentists was small and that they were a convenience sample.

Therefore, the generality of our finding is limited and a definitive conclusion

can be drawn only with extreme caution. Further studies are needed to confirm

the reproducibility of plaque index using Plaque Test, preferably including a

qualitative study to analyse feedback from dentists. To introduce research

findings to patient benefit, it is desirable to conduct practice-based research,

and have general dental practitioners trained to collect the data. This involves

training and calibration, and there is an ongoing need to ensure robust

evaluation of the data collected in a practice-based setting.

Conclusions

The agreements for plaque index using Plaque Test were under the acceptable

level (kappa statistics = 0.60) for research purposes, with the exception of two

dentists for intra-reproducibility. Further studies are needed, preferably

including a qualitative study to analyse feedback from dentists to determine

the cause of such variation. This study re-emphasises the importance of

clinician calibration ahead of clinical studies.

Acknowledgements

The current study is part of a randomised controlled clinical study funded by

the IADR Unilever Social Entrepreneur Approach to Change Oral Health

Behaviour Research Award, 2014. Ivoclar Vivadent AG contributed towards the

cost of the caries risk test (CRT) bacteria and buffer kits for the study. We

would like to thank the eight dentist examiners, Ms Virginia Kelleher, the staff

of the OHSRC and the restorative clinic in Cork University Dental School and

Hospital, and the subjects/participants who participated in the training and

calibration.

References
1. van Houte, J. Role of micro-organisms in caries etiology. J Dent Res 1994; 73: 672-

681.

2. Pihlstrom, B.L., Michalowicz, B.S., Johnson, N.W. Periodontal diseases. Lancet

2005; 366: 1809-1820.

3. Selwitz, R.H., Ismail, A.I., Pitts, N.B. Dental caries. Lancet 2007; 369: 51-59.

4. Godin, M.C. The effect of visual feedback and self-scaling on plaque control

behavior. J Periodontol 1976; 47: 34-37.

5. Lang, N.P., Ostergaard, E., Löe, H. A fluorescent plaque disclosing agent. J

Periodontal Res 1972; 7: 59-67.

6. Salkin, L.M., Landay, M.A., Hildebrand, C.N., Leve, R.A. A fluorescent microscopic

study of human bacterial plaque smears stained with the plak-lite fluorochrome. J

Calif Dent Assoc 1974; 2: 60-63.

7. Edwards, R.C., Sullivan, W.W. An evaluation of plaque disclosants: clinical

significance. US Navy Med 1973; 62: 28-30.

8. Silness, J., Löe, H. Periodontal disease in pregnancy. II. Correlation between oral

hygiene and periodontal condition. Acta Odontol Scand 1964; 22: 121-135.

9. Petersson, G.H. Assessing caries risk – using the Cariogram model. Swed Dent J

Suppl 2003: 1-65.

10. McHugh, M.L. Interrater reliability: the kappa statistic. Biochem Med (Zagreb) 2012;

22: 276-282.

11. Paschoal, M.A., Moura, C.M., Jeremias, F., Souza, J.F., Bagnato, V.S., et al.

Longitudinal effect of curcumin-photodynamic antimicrobial chemotherapy in

adolescents during fixed orthodontic treatment: a single-blind randomized clinical

trial study. Lasers Med Sci 2015; 30: 2059-2065.

PEER-REVIEWED

Journal of the Irish Dental Association | Aug/Sept 2017 : Vol 63 (4) 215



12. Petsi, G., Gizani, S., Twetman, S., Kavvadia, K. Cariogram caries risk profiles in

adolescent orthodontic patients with and without some salivary variables. Angle

Orthod 2014; 84: 891-895.

13. The R Core Team. A language and environment for statistical computing. Vienna,

Austria, 2015.

14. Pretty, I.A., Edgar, W.M., Smith, P.W., Higham, S.M. Quantification of dental

plaque in the research environment. J Dent 2005; 33: 193-207.

15. Markeviciute, G., Narbutaite, J. Effectiveness of a motivation and practical skills

development methods on the oral hygiene of orphans children in Kaunas, Lithuania.

J Oral Maxillofac Res 2015; 6: e2.

16. Zini, A., Sgan-Cohen, H.D., Marcenes, W. Socio-economic position, smoking, and

plaque: a pathway to severe chronic periodontitis. J Clin Periodontol 2011; 38: 229-

235.

17. Zingler, S., Pritsch, M., Wrede, D.J., Ludwig, B., Bister, D., et al. A randomized

clinical trial comparing the impact of different oral hygiene protocols and sealant

applications on plaque, gingival, and caries index scores. Eur J Orthod 2014; 36: 150-

163.

18. Spolsky, V.W., Gornbein, J.A. Comparing measures of reliability for indices of

gingivitis and plaque. J Periodontol 1996; 67: 853-859.

19. Bratthall, D., Hänsel Petersson, G., Stjernswärd, J. Plaque Index (PI) according to

Silness-Loe. Cariogram Manual, 2004:39.

20. Chetrus, V., ION, I.R. Dental plaque – classification, formation and identification. Int

J Med Dent 2013; 3: 139-143.

21. Kolenbrander, P.E., Palmer, R.J., Jr., Periasamy, S., Jakubovics, N.S. Oral

multispecies biofilm development and the key role of cell-cell distance. Nat Rev

Microbiol 2010; 8: 471-480.

22. Volgenant, C.M.C., Fernandez y Mostajo, M., Rosema, N.A.M., van der Weijden,

F.A., ten Cate, J.M., et al. Comparison of red autofluorescing plaque and disclosed

plaque – a cross-sectional study. Clin Oral Investig 2016; Mar 18.

23. Bittar, D.G., Pontes, L.R., Calvo, A.F., Novaes, T.F., Braga, M.M., et al. Is the red

fluorescence of dental plaque related to its cariogenicity? J Biomed Opt 2014; 19:

065004.

24. van der Veen, M.H., Volgenant, C.M.C., Keijser, B., ten Cate, J.B.M., Crielaard,

W. Dynamics of red fluorescent dental plaque during experimental gingivitis – A

cohort study. J Dent 2016; 48: 71-76.

25. Volgenant, C.M., van der Veen, M.H., de Soet, J.J., ten Cate, J.M. Effect of

metalloporphyrins on red autofluorescence from oral bacteria. Eur J Oral Sci 2013;

121: 156-161.

PEER-REVIEWED

216 Journal of the Irish Dental Association | Aug/Sept 2017 : Vol 63 (4)




