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Abstract 
Introduction: This consensus paper provides recommendations for oral health professionals on why 
and how to assess caries activity and progression with special respect to the site of a lesion. 
Methods: An expert panel was nominated by the executive councils of the European Organization for 
Caries Research (ORCA) and the European Federation of Conservative Dentistry (EFCD). The steering 
committee built three working groups that were asked to provide recommendations on 1) caries 
detection and diagnostic methods, 2) caries activity and progression assessment and 3) obtain 
individualized caries diagnoses. The experts of work group 2 phrased and agreed on provisional 
general and specific recommendations on caries lesion activity and progression, based on a review of 
the current literature. These recommendations were then discussed and refined in a consensus 
workshop followed by an anonymous Delphi survey to determine the agreement on each 
recommendation. 
Results: The expert panel agreed on general (n=7) and specific recommendations (n=6). The specific 
recommendations cover coronal caries on pits and fissures, smooth surfaces, proximal surfaces, as 
well as root caries and secondary caries/ caries adjacent to restorations and sealants (CARS). 3/13 
recommendations yielded perfect agreement.  
Conclusion: The most suitable method for lesion activity assessment is the visual-tactile method. No 
single clinical characteristic is indicative of lesion activity; instead, lesion activity assessment is based 
on assessing and weighing several clinical signs. The recall intervals for visual and radiographic 
examination need to be adjusted to the presence of active caries lesions and recent caries 
progression rates. Modifications should be based on individual patient characteristics.   
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Introduction 
The contemporary holistic approach to dental caries management includes preventive and 
therapeutic aspects as part of a patient-focused, oral healthcare team provided minimum 
intervention oral care (MIOC) delivery strategy in order to control caries as a chronic disease [1, 2]. 
The European Organization for Caries Research (ORCA) and the European Federation of Conservative 
Dentistry (EFCD) have published a series on evidence-based consensus statements on how to control 
caries in children, adults and seniors [3-8]. Caries management requires a valid diagnosis of different 
parameters in the caries process such as staging, and lesion activity assessment (LAA) and lesion 
progression assessment (LPA). Therefore, ORCA and EFCD initiated guidance on how to detect, assess 
and diagnose caries. This paper presents the results of the working group dealing with LAA and LPA. 
After summarising the current literature, expert consensus statements are presented to offer oral 
healthcare providers a guidance on assessment of caries lesion activity as a basis for development of 
a best practice evidence-based caries management plan. 
In order to outline the scope of the present paper, it is mandatory to define the concept of caries 
LAA. While caries is a dynamic process that can, over time, progress, arrest, or regress, lesion activity 
is independent of the lesion depth and rather depends on the ability to remove surface biofilm [9]. 
After a thorough debate at an ORCA terminology workshop there was unanimous agreement that 
caries lesion activity is a concept that reflects the mineral balance, in terms of net mineral loss, net 
mineral gain or stasis over time [2]. ‘Caries active’ implies caries initiation/progression and ‘caries 
inactive’ implies caries arrest or reversal [10]. Caries is a multifactorial disease whose underlying 
dysbiotic cariogenic undisturbed biofilm leads to net mineral loss of dental hard substance over time. 
Thus, ‘true’ caries activity assessment at the disease level would be the assessment of the caries 
lesion biofilm metabolism and its cariogenicity, since caries lesion activity is dictated by the metabolic 
acid-producing activity within the biofilm on the surface of the lesion. 
While attempts have been made to assess this metabolic activity on tooth surfaces with impregnated 
impression materials [11, 9], or with site-specific bacteria tests [12], no such methods have gained 
acceptance in general oral health practice. 
In contrast, using clinical observations and an understanding of the underlying biological etiology of 
caries, the LAA that this paper deals with is the real-time assessment of lesion surface characteristics 
and/or a subset of other clinical signs. Clinical signs observed in non-cavitated and cavitated (dentine) 
caries lesions, such as change of lesion surface texture, translucency, color and other factors such as 
the presence of dense or sticky plaque covering the lesion surface, or the lesion’s localization in a 
plaque stagnation area as well as local gingivitis help inform on the likelihood of a lesion progressing, 
or not [13-16, 9, 17-21]. Different LAA systems include different combinations of these signs, with 
varying emphasis placed on each factor. 
It is a well-established clinical observation that caries risk/susceptibility is closely linked with caries 
activity: lesions in high risk patients are more likely to be active and progress than lesions in low risk 
patients. However, local conditions are relevant, and it does not follow, that patients with an 
increased caries risk have active lesions per se. Thus, because LAA also takes features into account 
that are beyond the mere lesion surface, it is important to differentiate LAA from caries 
risk/susceptibility assessment. Again, the ORCA/IADR terminology points out that caries risk is a proxy 
for the true outcome (new lesions or progression) which can only be validated over time [2]. Thus, 
patient caries risk/susceptibility as a probability and prognosis assessment into the future (originally 
for healthy tooth surfaces to develop the disease; or for inactive lesions to become active again) can 
be separated from the concept of caries activity and progression where signs and symptoms of the 
chronic caries process are already present. These can be projected into the future or modified in the 
process of caries management in order to control future lesion development [2]. Consequently, LAA 
plays a crucial part in lesion monitoring and evaluation of non-operative treatment outcomes. 
Active caries lesions require non-operative and/or operative care. Thus, the LAA is essential in the 
decision-making process of caries management (Fig. 1). LAA deals with assessing the local signs that 
are linked to lesion dynamics. Therefore, the best validation of lesion activity is the repeated lesion 
assessment over time. Such longitudinal reassessment is one of the core requirements in patients’ 
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recall appointments, and it can also help validate the effectiveness of non-operative preventive 
regimes that are performed for lesions originally classified as ‘active’. 
The aim of this paper was therefore, after thorough screening of the available literature, to 
summarize and provide consensus-based, practical clinical recommendations to assess lesion activity 
and lesion progression, to be useful for primary care practice.  
 
Materials and Methods 
After the agreement on the need for this consensus process, participants were selected and invited 
by the boards of the EFCD and the ORCA, aiming for a well-balanced representation of experts in the 
fields of cariology, restorative dentistry, paediatric dentistry and gerodontology. The experts were 
split up into three working groups with the focus on detection [22], activity assessment and diagnosis 
[23] (Fig. 1) lead by a joint steering group (MCH, JK, CS, KWN). 
 
The starting point for the consensus on LAA and LPA (Fig. 1, step 2) was a literature review of studies 
validating LAA and methods related to LPA. CS entered the search terms “caries” and “activity” on 7th 
of May 2021 into PubMed/Medline and received 1,617 hits. Due to several recent systematic reviews 
on this topic, the additional restriction to systematic reviews of the last five years led to 32 citations 
which were selected according to their relevance with the topic. The equivalent search for “caries” 
and “progression” resulted in 24 hits. The original literature in the references of these 32 and 24 
systematic reviews respectively, were scanned and all group members were invited to add further 
relevant literature. 
After considering the literature, the working group met twice online, discussed and agreed on a site-
specific structure for recommendations regarding LAA, for example for pit and fissure surfaces, 
proximal/smooth surfaces, root caries and caries adjacent to restorations and sealants (CARS) lesions. 
It was also decided that general recommendations applying to all tooth surfaces would be helpful for 
dental practitioners. After drafting the recommendations and the relevant literature in the working 
and steering groups, the manuscript was sent to the members of the two other working groups for 
comments. These changes were discussed in an online meeting of all three groups on Aug. 31st 2022 
in order to achieve a suitable consensus for the recommendations from the whole board. Members 
who were not able to attend the online meetings agreed via email with the outcome and they were 
equally involved in the subsequent voting process as well as in the manuscript writing. This online 
process including the workshops, did not have any relevant financial costs, no honoraria were paid 
and all participants had to declare potential conflicts of interest which are stated at the end of this 
paper. 
The online meeting followed the procedures of the first ORCA/EFCD consensus process [3-8]. Each 
statement was discussed extensively and modified until consensus was reached. The level of 
agreement of each recommendation was evaluated by the group and categorized as “high”, 
“moderate” or “low”, based on the scientific evidence supporting each statement. Recommendations 
supported by unequivocal evidence (e.g., multiple randomized controlled clinical trials) were 
evaluated as “high”. Recommendations based on moderate evidence (e.g., high-quality clinical 
studies, such as randomized controlled trials with similar results) were evaluated as “moderate”. 
Finally, recommendations based on expert opinion only and that are based on weak evidence (e.g., 
no clinical studies or only low-quality studies or studies with contradicting results) were ranked as 
“low”. 
Based on the discussions at the meeting, the present manuscript was drafted by the steering group 
and sent to the overall group, who commented on it extensively, in two rounds. Afterwards, similar to 
earlier ORCA/EFCD consensus papers (1-8), a confidential e-Delphi survey (Castor EDC, Amsterdam, 
the Netherlands) was finally undertaken and every single recommendation was ranked by each 
participant independently. The text itself (excluding the recommendations) was not submitted to any 
further consensus process. 
The voting on each statement was graded from 1 (completely disagree) to 10 (completely agree). At 
least 70% of the vote ≥8 was considered as acceptance of the statement by the group and the results 
were reported as agreement (10-8), (neutral 7-4) or disagreement (3-1). In addition, the median of all 
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votes was calculated. An additional field for free-text comments was also available to allow the 
reasoning for a certain decision or proposals for future modifications. 
Before the submission of the manuscript all authors consented to the content. 
 
Recommendations 
During the discussion, the working group felt that there are general recommendations to be made, 
which address all tooth surfaces, and specific recommendations, which are applicable solely for 
specific tooth surfaces. Moreover, some recommendations concern the methodology of carrying out 
LAA in patients. These methodologic recommendations are not graded with a level of evidence, only 
with a level of agreement among experts.  
 
General Recommendations 
The dynamic nature of dental caries implies phases of progression or stagnation. Active caries lesions 
are at higher risk for lesion progression [15], and thus, by definition, recently developed caries lesions 
or lesions that have progressed, have been active caries lesions. 
General recommendation 1: Consider progressed and recently developed caries lesions as active 
caries lesions.  
Level of evidence: moderate 
Level of agreement: 100% (agree, N=20) 
 
The primary method for lesion detection is the visual-tactile assessment [22]. The same is true for 
LAA. Although attempts have been made to enhance the LAA with auxiliary methods such as laser 
fluorescence, quantitative light-induced fluorescence, optical reflectometry, perpendicular reflection 
intensity, bioluminescence or thermal imaging. These methods either lack robust clinical evidence or 
have not gained clinical practicability. 
General recommendation 2: The visual-tactile examination should be the method of choice for 
caries lesion activity assessment. Other auxiliary methods are not recommended for this purpose. 
Level of evidence: moderate 
Level of agreement: 80% (agree, N=16)/ 15% (neutral, N=3)/ 5% (disagree, N=1) 
 
Surface texture/roughness plays an important role in LAA, as does the assessment of surface sheen, 
hardness (in root and coronal dentine caries lesions), bleeding on probing in adjacent gingivae or the 
presence of a pre-existing mature and dense overlying biofilm [24, 15, 18]. Depending on the clinical 
situation (e.g., after professional mechanical tooth cleaning), one or more features may be less visible 
or detectable. 
General recommendation 3: Lesion activity assessment should be based on evaluating and 
weighing up several clinical characteristics, as no single feature is indicative for caries lesion 
activity.  
Level of evidence: moderate 
Level of agreement: 100% (agree, N=20) 
 
Cavitated caries lesions that are not readily cleansed mechanically, as might be the case in cavitated 
enamel or root caries, or in CARS, allow undisturbed biofilm formation and are usually associated 
with active lesions [15, 18]. For this reason, a core principle of caries management is to re-establish 
cleansability [3-8]. 
General Recommendation 4: Non-cleansable cavitated caries lesions should be considered as active 
unless there are clear signs of inactivity. 
Level of evidence: low 
Level of agreement: 95% (agreeN=19)/ 5% (neutral, N=1) 
 
 
Although the result of LAA is dichotomous, i.e., either ‘active’ or ‘inactive’, the presence of so-called 
‘mixed lesions’ has also been described [15]. Mixed lesions typically are not necessarily deep lesions 
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with a large circumference but may occur at any tooth aspect and show features of both caries 
activity and inactivity. Furthermore, depending on when LAA was carried out in the clinical workflow, 
there might be missing clinical information that is necessary for LAA, e.g., if professional mechanical 
tooth cleaning has been performed in advance and all surfaces are subsequently plaque-free and 
polished, or if the teeth have recently been air-polished, causing gingival bleeding. Consequently, 
there might be detectable lesions but the clinician is uncertain about their activity. 
General recommendation 5: Non-cavitated caries lesions with uncertain activity status should be 
regarded as active caries lesions until reevaluation.  
Level of evidence:--- 
Level of agreement: 85% (agree, N=17)/ 10% (neutral, N=2)/ 5% (disagree, N=1) 
 
The timepoint to carry out LAA has been subject of considerable academic debate. While a dense and 
sticky plaque biofilm covering an enamel lesion is indicative for an ‘active’ lesion due to chronic 
neglect of mechanical cleaning [15], its very presence hampers the important clinical step of lesion 
detection. Therefore, most LAA protocols replace the presence of a biofilm with the criterium, 
“plaque stagnation area” (i.e., pits and fissures, or close to the gingival margin, and/or a triangle 
beneath the proximal contact area adjacent to a tooth or a gap). This follows the logic that a lesion 
has first to be detected before its activity can be assessed [9, 25, 18]. This holds especially true if a 
patient is screened for the first time and nothing is known about his/her former caries experience 
and risk/susceptibility. 
General recommendation 6: Lesion activity assessment should include evaluation of quantity and 
quality of tooth surface biofilm before its removal, especially in plaque stagnation areas. 
Level of evidence: --- 
Level of agreement: 90% (agree, N=18)/ 10% (neutral, N=2) 
 
Inactive lesions usually do not require any additional interventive professional treatment unless for 
cosmetic or functional reasons. Active lesions need attention by both the oral healthcare professional 
team and the patient/caretaker, with either / both non-operative or operative interventions. For this 
reason, documentation of lesion activity is vital in order to develop a personalized care plan. 
General recommendation 7: During lesion charting, lesion activity status should be documented. 
This is especially true for lesions that have been / or will be treated using non-operative preventive 
regimes, in order to monitor the treatment outcome. 
Level of evidence: --- 
Level of agreement: 80% (agree, N=16)/ 20% (neutral, N=4) 
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Pit and fissure caries and coronal smooth surface caries 
The studies by Nyvad et al. [15] and Ekstrand et al. [9, 17] as well as a systematic review by Drancourt 
et al. [21], the ICCMS Guide [25] and the CariesCare practice guide [26] summarized valid criteria for 
caries lesions (Table 1). 
 
 
Recommendation 8  
Dental plaque and a matte/opaque/ chalky white appearance of the enamel surface should be 
considered as indicators of active caries lesions. Plaque-free and shiny enamel should be 
considered as the characteristics of likely inactive non-cavitated enamel lesions. 
Level of evidence: moderate 
Level of agreement: 95% (agree, N=19)/ 5% (neutral, N=1) 
 
Recommendation 9  
Dental plaque and soft/leathery exposed dentine should be considered as indicators of active 
caries lesions, while plaque-free and shiny, hard exposed dentine should be considered as 
indicators of arrested/inactive lesions, and in the case of root caries also the proximity of the 
gingival margin.  
Level of evidence: moderate 
Level of agreement: 90% (agree, N=18)/ 10% (neutral, N=2) 
 
The use of a ball-ended explorer or a periodontal probe is recommended in order to avoid further 
damage to the tooth surface. It was shown in earlier studies that a sharp ended explorer, when used 
forcibly, is likely to damage dentine or carious enamel [29]. 
Recommendation 10: The hardness of dentine caries lesions should be assessed with a rounded 
dental explorer. 
Level of evidence: --- 
Level of agreement: 85% (agree, N=17)/ 15% (neutral, N=3) 
 
 
 
Proximal caries 
Proximal coronal caries is by nature less visible directly than occlusal pit and fissure caries because 
the lesions form beneath the proximal contact area. Thus, visual-tactile criteria can only be applied 
for those proximal lesions that are directly visible because of a missing adjacent tooth [30], because 
of gum recession in the older adult or in periodontally compromised patients, or because of tooth 
migration/rotation. Under normal circumstances, the adjacent tooth and gingival papilla hamper 
direct visual inspection and illumination of a proximal lesion. Thus, the remaining clinical 
characteristics (presence / quality / quantity of plaque, gingival bleeding) are the ones that clinicians 
must rely upon when performing proximal LAA. Ekstrand et al. [24] found that gingival bleeding after 
gentle probing was a better predictor for lesion progression in proximal cavitated lesions than the 
presence of plaque alone. Interestingly, gingival bleeding is not part of the existing LAA systems and is 
rather regarded as a caries risk / susceptibility factor. Nevertheless, in a systematic review, Drancourt 
et al. [21] summarized that LAA of the whole tooth as well as of proximal surfaces using visual-tactile 
criteria give satisfactory outcomes. 
Recommendation 11: In the presence of a proximal caries lesion, locally enhanced gingival bleeding 
provoked by gentle probing of the sulcus should be considered as an indicator for lesion activity.  
Level of evidence: low 
Level of agreement: 75% (agree, N=15)/ 20% (neutral, N=4)/ 5% (disagree, N01) 
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Root caries 
Several criteria have been suggested to judge root caries lesion activity (Tab. 2). 
 
Visual criteria: The presence of a remineralized superficial layer in arrested exposed root lesions has been verified 
histologically [36]. It was also reported that these lesions have a smoother cross-sectional surface histologically when 
compared to non-remineralized lesions [36]. Clinically, a superficially remineralized and thus inactive root caries lesion 
looks shinier than an active root caries lesion. A root lesion that appears shiny is regarded as inactive; a root lesion 
that looks dull / matte / rough is considered to be active [17, 37]. A root lesion covered by a dense biofilm is regarded 
as active, a root lesion not covered by biofilm is regarded as inactive [27, 18]. While some authors propagate color as 
supportive for root caries LAA, there will be an overlap in degree of color assessed subjectively between clinicians. 
This might be attributable to the fact, that ‘mixed lesions’ have been described, with parts of the lesion being more 
active, and parts being more inactive [16, 36] . Lynch & Beighton [31]did not find color to be predictive for root lesion 
activity. The distance of a root lesion from the gingival margin has been regarded as linked to lesion activity. However, 
the wording “usually close to the gingival margin” itself indicates, that there are individual subjective differences. The 
distance of a carious lesion from the gingival margin dictates the potential for improved oral hygiene, thus affecting 
lesion activity. However, it is dependent on patient factors (fluoride use, physical abilities, cognitive abilities, saliva 
quantity and quality, diet), whether or not a root lesion is and remains inactive when it is located above the gingival 
margin. 
Tactile criteria: The hardness of a root caries lesion is indicative of its mineral content. Inactive lesions show a higher 
degree of surface remineralization compared to active lesions. That is why they feel harder on gentle probing using a 
rounded dental explorer. The probing of the root caries is similar to probing coronal dentine lesions and should be 
gentle, using a dragging action across the surface as opposed to penetration of the surface per se (see 
Recommendation 9). 
 
Secondary caries (caries adjacent to restorations and sealants (CARS)) 
In less accessible areas, such as cervical restoration or crown margins, tactile assessment is likely to be more relevant 
than visual assessment for lesion detection. In terms of LAA, however, an existing gap and its size alone seems to be 
neither indicative of continuing demineralization [38], nor for longevity of the tooth-restoration complex [39, 40]. 
Other factors such as cleansability, saliva quantity / quality / flow rate or fluoride bioavailability all contribute to lesion 
activity. Thus, a gap next to a restoration should be regarded as one out of several risk factors, or as a predilection 
site. CARS or lesions around orthodontic brackets are to be regarded in their activity assessment, the same as primary 
lesions. Thus, all clinical features that allow for LAA in primary lesions also are true for secondary carious lesions. 
Recommendation 12: Lesion activity assessment for secondary lesions should be carried out similarly to primary 
caries lesions. 
Level of evidence: - 
Level of agreement: 90% (agree, N=18)/ 5% (neutral, N=1)/ 5% (disagree, N=1) 
 
Caries lesion activity and monitoring of progression 
It has been outlined that a true validation of caries LAA should occur over time. Active lesions are more likely to 
receive operative intervention than inactive ones [15]. Similarly, the repeated step of lesion detection over time, i.e., 
repeated assessment of lesion depth and cavitation during recall appointments, gives a valid picture of the caries 
process dynamics. Besides assessing possible lesion progression, lesion monitoring also allows for checking the 
success and suitability of applied non-operative preventive measures. The primary method of lesion detection is the 
visual-tactile method, and lesion progression should be documented in the patient’s record using a quantitative caries 
lesion detection system. For proximal sites bitewing radiography is recommended for lesion detection, and thus an 
important and difficult question to answer deals with the suitable time intervals between bitewing radiographs. 
Clinicians have to balance between the diagnostic gain and the potential harmful effects of repeated ionizing radiation 
doses. 
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There is a plethora of national and international guidelines concerning the frequency of bitewing radiographs. Most of 
them differentiate two risk categories of patients (“low” and “high” caries risk), some operate on three categories 
(adding “moderate” or “extremely high”) [41]. As a rule of thumb, a greater risk of lesion progression justifies more 
frequent bitewing radiographs. For high caries risk / susceptible patients, an interval of 6-18 months has been 
proposed by several guidelines. For moderate to low caries risk patients, an interval of 12/24-48 months was 
suggested [41]. Interestingly, the most recent European Academy of Paediatric Dentistry (EAPD) best clinical practice 
guideline defines bitewing intervals depending on lesion presence and lesion depth instead of caries risk / 
susceptibility. Lesions at the enamel-dentine junction or beyond indicate an interval of 1-2 years, lesions restricted to 
enamel an interval of 2-3 years, and “no lesion” justifies an interval of 5-10 years between two bitewing radiographs 
in children and adolescents [42]. It was furthermore clearly shown, that on a cohort level there is a risk of 
overtreatment through false positive findings when the caries prevalence is low and treatment decisions are based in 
bitewing radiographs [43]. Therefore, the indication to take bitewing radiographs or not should take into account 
several patient characteristics: age, lesion activity assessment, presence of dentine caries, presence of approximal 
contacts, and commitment or willingness to adhere to oral hygiene measures. It seems sensible to bear in mind some 
indisputable facts: 1) A patient’s caries lesion activity and, therefore, progression rate can change over time; 2) There 
are indications for bitewing radiographs or recall appointment intervals for other reasons than cariology (e.g., implant 
surveillance, periodontal health), and 3) Patients are diagnosed and treated on an individual basis. 
Recommendation 13: The recall intervals for visual and radiographic examination need to be adjusted to the 
presence of active caries lesions and recent caries progression rates. Modifications should be based on individual 
patient characteristics.  
Level of evidence: low 
Level of agreement: 100% (agree, N=20) 
 
 
 
Conclusion 
The expert panel has condensed external evidence and practical reasoning into clinical recommendations. Despite of 
missing high-level evidence, the results show that lesion activity assessment is a crucial part of the caries diagnostic 
and management process. It was pointed out how LAA can be carried out in the dental office although the results a 
somewhat heterogenous perception of LAA application .  
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Figure legend 
 
Fig. 1: Order of steps in the caries lesion decision-making process 
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Table 1: Description of ICDAS criteria and criteria based on features for LAA 

  Clinical characteristics of caries lesions 

ICDAS 

Caries 

Severity 

Code 

Description Active Inactive 

0 No or slight change in enamel 

translucency after prolonged 

air-drying (5s) 

  

1 First visual change in enamel 

(seen only after prolonged 

air-drying or restricted to 

within the confines of a pit or 

fissure) 

Surface of enamel is 

whitish/yellowish opaque 

with a loss of lustre; feels 

rough when the tip of the 

ball-ended probe is moved 

gently across the surface; 

lesion is in a plaque 

stagnation area 

Surface of enamel is 

whitish, brownish, or black; 

enamel may be shiny and 

feels hard and smooth when 

the tip of the ball-ended 

probe is moved gently 

across the surface 

2 Distinct visual changes in 

enamel 

3 Localized enamel breakdown 

in opaque or discoloured 

enamel (without visual signs 

of dentinal involvement) 

4 Underlying dark shadow from 

dentine 

Probably active  

5 Distinct cavity with visible 

dentine 

Cavity feels soft or leathery 

on gently probing the 

dentine 

Cavity may be shiny and 

feels hard on gently probing 

the dentine 6 Extensive distinct cavity with 

visible dentine (involving 

more than half the surface) 

Based on ICDAS Committee 2005 [27] and Banerjee and Watssan 2010 [28] and Drancourt et et. 2019 [25]. 
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Table 2: Root caries activity criteria in the literature 

Method Inactive Active References 

Visual appearance Shiny Dull/matte Nyvad et al. 1999 [15] 

Ekstrand et al. 2008 [17]  

Pitts et al. 2014 [25] 

Often not covered by 

biofilm 

Typically, covered by 

biofilm 

Nyvad et al. 1999 [15] 

 

Distant from the 

gingival margin 

Usually close to the 

gingival margin 

Nyvad et al. 1999 [15] 

 

Brownish or black Yellowish, light-brown or 

brownish 

Nyvad et al. 1999 [15] 

Lynch and Beighton 

1994 [31] 

Tactile  Smooth Rough Nyvad et al. 1999 [15] 

Ekstrand et al. 2008 [17]  

Pitts et al. 2014 [25] 

Hard Soft or sticky/leathery Nyvad et al. 1999 [15] 

Ekstrand et al. 2008 [17]  

Pitts et al. 2014 [25] 

Fluorescence based 

methods 

Different cut-offs Different cut-offs Zhang et al. 2009 [32] 

Zhang et al 2016 [33] 

QLF   Park et al. 2022 [34] 

Thermal imaging Cooling effect (Q) < 

30s 

Cooling effect (Q) > 30s Yang et al. 2020 [35] 
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