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Building an expert Delphi 
consensus on caries intervention 
thresholds

There is an ever-increasing number of strategies 
available to manage the caries process and its 
outcome, the carious lesion (ranging from very 
early signs and symptoms through to extended 
cavitated lesions with pulp involvement). These 
strategies are applied to avoid pain, prevent loss of 
tooth tissues or entire teeth, retain functionality 
and aesthetics. Daily, oral health practitioners 
are faced with the decision of ‘if and when’ to 
intervene using one of the many approaches 
available. This decision should be based on the 
available evidence, the characteristics, needs and 
wishes of the specific patient, the features of the 
tooth or carious lesion to be managed (as will be 
discussed below) and the operator’s experience.1

Expert consensus can also support decision-
making, especially if existing systematic 

evidence is limited or of too narrow scope. 
There have been recent attempts in dentistry 
and specifically cariology, to assist clinical 
decision-making by expert consensus; for 
example, on minimum intervention dentistry 
and carious tissue removal.2,3,4,5 The presented 
paper describes the consensus reached by an 
expert consensus panel who met in July 2018 in 
London, UK and used a structured online 
Delphi process before and after the meeting 
to systematically collate expert opinion and 
come to an agreement. The consensus focused 
specifically on when to intervene in the caries 
process and on existing carious lesions, rather 
than caries prevention. A detailed description 
of the methods can be found in Appendix 1, 
also including the guidance on conducting and 
reporting Delphi studies (CREDES).6

Firstly, the contemporary understanding 
of the caries process and the characteristics 
of carious lesions will be described. Secondly, 

Provides much needed guidance for the primary 
care practitioner to help in their management of 
dental caries.

Considers the quality of the evidence available 
to provide pragmatic guidelines for caries 
management interventions.

Comprehensive diagnosis is the basis for 
systematic decision-making on when to 
intervene in the caries process and existing 
lesions 
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Abstract
Objectives  To define an expert Delphi consensus on when to intervene in the caries process and existing carious lesions.

Methods  Non-systematic literature synthesis, expert Delphi consensus process and expert panel conference.

Results  Lesion activity, cavitation and cleansability determine intervention thresholds. Inactive lesions do not require 
treatment (in some cases, restorations may be placed for form, function, aesthetics); active lesions do. Non-cavitated 
carious lesions should be managed non- or micro-invasively, as should most cavitated lesions which are cleansable. 
Cavitated lesions which are not cleansable usually require minimally invasive management. In specific circumstances, 
mixed interventions may be applicable. Occlusally, cavitated lesions confined to enamel/non-cavitated lesions 
extending radiographically into deep dentine may be exceptions. Proximally, cavitation is hard to assess tactile-
visually. Most lesions extending radiographically into the middle/inner third of dentine are assumed to be cavitated. 
Those restricted to the enamel are not cavitated. For lesions extending radiographically into the outer third of dentine, 
cavitation is unlikely. These lesions should be managed as if they were non-cavitated unless otherwise indicated. 
Individual decisions should consider factors modifying these thresholds.

Conclusions  Comprehensive diagnosis is the basis for systematic decision-making on when to intervene in the caries 
process and existing lesions.
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the different levels of interventions will be 
presented and brief examples given. Thirdly, 
factors determining the decision of when to 
intervene will be outlined. Finally, consensus 
recommendations, which emerged from 
a 2–round Delphi process and a consensus 
conference involving a panel of more than 20 
international experts, will be presented. The 
panel comprised members of the European 
Organisation for Caries Research (ORCA) 
and delegates of the European Federation 
of Conservative Dentistry (EFCD) and 
international experts from around the world. 
Note that this document and the resulting 
consensus recommendations do not aim to 
update or replace existing (often broader) 
guidance. The consensus on minimum 
intervention dentistry, for example, discussed 
caries detection and risk assessment, 
remineralisation and other preventive 
measures, minimally invasive operative 
interventions and re-treatments.4 Instead, this 
document specifically aims to assist decision-
making on when to intervene in the caries 
process and on existing carious lesions.

Dental caries and carious lesions

Dental caries is one of the most prevalent 
and ubiquitous non-communicable diseases 
affecting humankind today.7 It was first 
understood to be an infectious disease, requiring 
removal of all plaque (biofilm) from the teeth 
or from affected carious hard tissues (specific 
plaque hypothesis). This concept, whilst debated 
(that is, biofilm being cariogenic under certain 
conditions; non-specific plaque hypothesis), 
was later modified, suggesting that the mere 
presence of biofilm is not sufficient for the 
pathogenesis of caries, but that an overlapping 
interaction between the host/teeth, substrate and 
microbiota is needed. Despite being ‘infected’ 
(or contaminated) with cariogenic bacteria, a 
cavitated carious lesion will not develop without 
a cariogenic diet.8,9 Marsh [1994] introduced 
the ecological plaque theory. The microbial 
composition of the biofilm is stable unless 
‘environmental perturbations’ occur which 
can affect microbial homeostasis, leading to 
dysbiosis.10,11 With respect to caries, diet (mainly 
free sugars), oral hygiene and salivary factors 
are the contributing drivers of dysbiosis, leading 
to a shift in the microbiota towards acidogenic 
and aciduric microorganisms. There are also 
wider influences on caries experience,12 but 
consideration of those is beyond our remit. 
The original composition of an individual’s 

dental biofilm is influenced by both hereditary 
and environmental factors, but, as time goes 
on, the types and proportions of micro-
organisms acquired early in life are modified 
by environmental influences.13 Currently, 
the extended ecological plaque hypothesis is 
accepted as an explanation of the pathogenesis 
of caries.14

This pathogenesis involves organic acids, 
the by-product of microbial metabolism of 
dietary free sugars. As the pH of the biofilm 
decreases, it reaches a point where the biofilm 
fluid at the surface of the tooth is under-
saturated with respect to tooth mineral, and 
dissolution occurs to maintain equilibrium.15 
Initially, the dissolution occurs at the surface 
of the tooth, but, if conditions persist, and 
the lesion becomes more extensive, mineral 
from deeper in the enamel (and subsequently 
dentine) will be lost. Caries has an indirect 
genetic component, with influencing factors 
including enamel quality and quantity, 
immune response, dietary preferences and 
salivary characteristics.16,17 In summary, dental 
caries is a disease characterised by a process 
of demineralisation of the dental hard tissues, 
caused by frequent free sugars exposure to 
the dental biofilm, which shifts the ecological 
balance towards a cariogenic dysbiosis. For 
dentine and root caries, cleavage of collagen 
by bacterial or mainly dentine enzymes follows 
early mineral loss and contributes to the loss of 
the hard tissue.18,19

Management of the caries process/
carious lesions

The former management of the caries 
process and carious lesions was influenced 
by an understanding that caries was a purely 
infectious disease and could be managed 
invasively/restoratively by removing all 
demineralised and ‘contaminated’/infected 
tissue. This was grounded in (1) a lack of 
understanding that the caries process and 
carious lesions are separate, but related; (2) 
the incorrect assumption that once a lesion 
had established and the tooth was ‘infected’, 
eradication of microbiota was needed; (3) the 
erroneous concept that lesion progression was 
inevitable; and, (4) the fact that the majority of 
carious lesions dentists encountered in the past 
were truly ‘decayed’, that is, cavitated dentine 
lesions. Therefore, the professional education of 
dental surgeons concentrated on mechanistic 
surgical procedures instead of that of dental 
physicians who manage the disease and patient 

as a whole. Remuneration systems incentivised 
such invasive/restorative therapies.20,21 Notably, 
the shift away from this approach was initiated 
decades ago, but consistent updated data from 
all over the globe demonstrates that it has not 
been fully adopted.22

Building on the evidence accrued over several 
decades, it is clear that (1) the caries process 
can be controlled by modifying the patient’s 
caries risk/susceptibility, depending on his/
her adherence to behavioural modifications 
and not only by intervening operatively on 
carious lesions, yet success/understanding of 
behavioural interventions on caries control 
has been limited;23 (2) the caries process 
and carious lesions can be managed without 
removing microorganisms, but by rebalancing 
the dysbiosis within the tooth surface biofilm 
and arresting those within the depths of the 
tissues; (3) active (progressing) lesions can 
be inactivated;24 (4) in many high-income 
countries the spectrum of carious lesions has 
been and is shifting, especially in younger 
people, as there are now more non-cavitated 
lesions being detected;25,26 and, (5) while dental 
education in some countries now involves the 
contemporary understanding of caries and 
its subsequent carious lesions, remuneration 
systems for oral healthcare delivery have 
largely not been adjusted accordingly (there 
may be exceptions, and admittedly the uptake 
of a more contemporary approach towards 
caries and carious lesions has improved slowly 
over the last three decades or so).

Hence, the conventional restorative/invasive 
approach towards managing the caries process 
and carious lesions is not grounded in current 
understanding of the disease and it is also 
not appropriate for managing the broad 
spectrum of lesions found in many individuals 
(from very early to large cavitated lesions). It 
should also be considered that subsequent 
interventions on restored teeth are often 
necessary.27,28,29 This is classically known as 
the ‘restorative death spiral’.30,31,32 Given these 
alternative arguments, there is consensus 
that invasive/restorative interventions alone 
are not beneficial for managing the caries 
process and lesions in all situations. Instead, 
invasive/restorative interventions represent a 
late step in the management puzzle, repairing 
the gross tissue damage and restoring form, 
function, aesthetics and cleansability, thereby 
allowing the control of risk of future loss of 
function. Invasive strategies may also be 
used to approach acute carious lesions.26 
Invasive/restorative interventions are an 
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important and relevant tool, but they should 
be complemented by other (non- or micro-
invasive) management strategies. These ‘other’ 
strategies aim to control the caries process 
and the activity of carious lesions (as will 
be discussed below). If they are successfully 
implemented, the presence of bacteria is no 
longer a problem, since the cariogenic activity 
and the resulting mineral loss from dental 
hard tissues can be controlled concomitantly. 
In order to implement these alternative 
approaches successfully, there needs to be clear 
communication between the oral healthcare 
professional team and the patient, with the 
latter appreciating their role in valuing and 
respecting their own oral health.20

Intervention strategies: levels of 
invasiveness

In the present document, we distinguish three 
levels of invasiveness to classify intervention 
strategies for ‘treating’ existing carious lesions. 
They are based on the degree of tissue removal 
associated with each strategy (Fig. 1):
•	 Non-invasive strategies do not remove 

dental hard tissue and involve, for example, 
fluorides and other chemical strategies for 
controlling mineral balance, biofilm control 
measures and dietary control

•	 Micro-invasive strategies remove the dental 
hard tissue surface at the micrometre level, 
usually during an etching step, such as 
sealing or infiltration techniques

•	 Minimally invasive strategies remove gross 
dental hard tissue, such as through use of 

hand excavators, rotary instruments or 
other devices. In most cases, this process 
is associated with the placement of 
restorations.

Note that some interventions can be 
regarded as ‘mixed’, not clearly falling into 
one of these categories. In the following 
sections, an overview of what falls into the 
three different levels of invasiveness will be 
offered. The individual details pertaining to 
each strategy will not be discussed, since the 
aim of this consensus paper was not to give 
recommendations on how to specifically 
intervene, but when.

Non-invasive interventions

To arrest existing lesions, several strategies are 
available, many of which have been developed 
originally for preventing the development of 
carious lesions and are now also applied for 
arresting lesions. These include diet control, 
biofilm control and mineralisation control.

Diet control
With free sugars being the driver of 
biofilm dysbiosis and cariogenic activity, 
both prevention and lesion arrest should, 
theoretically, be possible if sugar intake 
(mainly free sugars) is restricted/regulated.33 
Sugar replacement may also be a valid option. 
Despite having biological plausibility, diet 
control measures, however, have been tested 
mainly for their preventive efficacy, as opposed 
to lesion arrest.

Biofilm control
Dental caries results from dysbiosis in the 
dental biofilm on a susceptible tooth surface. 
Therefore, restoring balance within that 
biofilm (through the use of mechanical biofilm 
control, antimicrobials, probiotics, etc.) has 
been advocated.11 Regular toothbrushing, 
interdental hygiene and antimicrobial strategies 
(including chlorhexidine and polyols) are the 
most common examples. Toothbrushing in 
combination with regular provision of fluoride 
has been investigated specifically for arresting 
existing active lesions. Most other therapies 
have been tested mainly for their preventive 
effect, not necessarily to arrest existing carious 
lesions.34

Mineralisation control
Fluoride has been shown to reduce dental 
caries occurrence consistently in both the 
primary and permanent dentitions, with the 
most current evidence strongly suggesting 
that its effect is primarily topical (that is, post-
eruptive). Examples include dentifrices with 
fluoride concentrations above 1,000 ppm,35,36,37 
5,000  ppm fluoride dentifrices,38,39,40,41 and 
fluoride rinses.42 Professionally-applied 
fluoride products, such as gels and varnishes, 
as well as silver fluoride products (such as 
silver diamine fluoride) have also been tested 
for arresting non-cavitated lesions.35,38,43,44 
Moreover, a variety of products containing 
calcium in different forms (for example, 
calcium stabilised by casein derivatives, 
calcium sodium phosphosilicate, etc) or self-
assembling peptides45 have been introduced to 
aid remineralisation. The evidence supporting 
the clinical efficacy of these products is 
currently limited.34,46,47

Micro-invasive interventions

There are two main strategies falling into this 
level of invasiveness; sealing and infiltration.

Sealing
A sealant places a diffusion barrier on the 
susceptible tooth surface and, hence, impedes 
acid diffusion into and mineral loss from the 
tooth tissues. It can also help re-contour the 
surface so aiding mechanical biofilm control. 
Sealing non-cavitated carious lesions on 
proximal, occlusal or smooth surfaces has 
been assessed in a range of studies.48,49,50 There 
has been a limited assessment of the sealing 
of cavitated surfaces49,50,51 and the current 
data imply a greater risk of sealant failure due 

Caries intervention

Mixed

Non-restorative cavity control

Hall Technique

Non-invasive Minimally-invasiveMicro-invasive

Biofilm control RestorativeSealing

Mineralisation control Infiltration

Dietary control

Fig. 1  Overview of different intervention levels and strategies. All strategies should be 
provided following the principles of minimally invasive dentistry
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to fracture or loss of retention, but further 
research needs to be undertaken to enable 
definitive conclusions to be drawn.51,52,53 The 
relevance of sealant loss for lesion progression 
may further differ between different sealant 
materials (that is, resin versus glass-ionomer 
cement-based sealants).54

Infiltration
Lesion infiltration involves the penetration 
of incipient enamel carious lesions by low-
viscosity resins after removal of the surface 
layer (by etching with hydrochloric acid) and 
drying (using ethanol and air).55 A diffusion 
barrier is created within the dental hard 
tissue sub-surface, impeding acid diffusion 
into and mineral loss from the tooth tissue, 
so inactivating the lesion. There is some 
evidence supporting infiltration of non-
cavitated proximal lesions.34,48 However, there 
is currently only one product available on 
the market for caries infiltration and nearly 
all related studies have been sponsored by 
the manufacturer of that product, with the 
associated potential for bias in the reported 
findings.

Mixed interventions

Non-restorative cavity control
Non-restorative cavity control (NRCC) aims 
to reinstate the cleansability of cavitated 
lesions by chiselling, cutting or grinding 
away overhanging, biofilm-trapping enamel 
or dentine.56 Subsequently, patients are 
encouraged to clean the opened ‘saucerised’ 
cavity and apply fluoride toothpaste/products 
(in addition to professional fluoride varnish 
application). Currently, the technique has 
been applied only in primary teeth or root 
surface lesions. Under optimal conditions, 
NRCC seems to be a feasible option to 
manage cavitated lesions, especially in 
uncooperative children who may not tolerate 
other treatments57,58,59,60 or dependent and 
systemically compromised older adult 
patients.

Hall technique
The Hall technique involves ‘sealing’ of 
cavitated carious lesions in primary teeth 
using preformed metal crowns without any 
tooth preparation. It combines the biological 
management of carious lesions (via sealing 
bacteria and depriving them of nutrition) and 
the restorative advantages of preformed metal 
crowns.58,61,62

Minimally invasive interventions

Minimally invasive operative caries 
management involves placement of a 
restoration after selective removal of carious 
tissue, done to create conditions for long-
lasting restorations and maintaining the tooth-
restoration complex. Modern bio-interactive 
adhesive materials have allowed for minimally 
invasive restorations that provide a seal and 
focus on preserving healthy and repairable/
remineralisable tissue and maintaining pulp 
health. An International Caries Consensus 
Collaboration presented recommendations on 
terminology and on carious tissue removal and 
restorative management of cavitated carious 
lesions. These recommendations support less 
invasive carious lesion management, delaying 
entry to, and slowing down, the restorative 
cycle by preserving tooth tissue, being 
selective on tissue removal and retaining teeth 
long-term.5

Factors affecting caries intervention 
thresholds

A number of key factors help to determine 
caries intervention thresholds. These are 
activity, cavitation, and cleansability of 
the lesion.

Activity
The term ‘lesion activity’ reflects the ongoing 
mineral loss or gain of a lesion. It indicates 
how likely a lesion is to progress. An inactive 
(arrested) lesion may be considered as a 
‘scar’ and does not require any treatment. In 
some cases, restorations might be placed for 
reasons of form, function and/or aesthetics. As 
discussed, restorations may also be provided in 
cases of pain to reduce pulp stress and improve 
symptoms. Lesion activity is often determined 
visually; tactile assessment should only be 
performed gently so as to not damage the 
surface, using a rounded/ball-ended explorer 
(forceful probing with a sharp dental explorer 
is not recommended). For root surfaces, gentle 
probing may be undertaken to determine the 
texture.63

Since there is currently no technology 
available that allows an objective longitudinal 
measurement of lesion activity, the following 
clinical signs can be used to estimate lesion 
activity: (1) the presence of biofilm covering 
the lesion may indicate activity, especially, in 
the presence of high and frequent consumption 
of sugars; (2) the condition of the gingiva 

(local gingivitis in proximity to the lesion) 
can also serve as a proxy measure to determine 
whether biofilm has been present over time; 
(3) lesion characteristics, such as texture, 
hardness and appearance. A smooth enamel 
lesion surface indicates inactivity, while rough 
surfaces may indicate activity. Colour-wise, a 
white chalky matt lesion colour may indicate 
activity, but shiny or dark lesions may indicate 
inactivity.63,64,65,66

Notably, not all clinical criteria will be always 
available, for example, in proximal surfaces or 
for micro-cavitated lesions. However, in many 
circumstances, one criterion or more will be 
assessable and may be complemented with 
(4) longitudinal recall data, if available (for 
example, via repeated radiographs, or those 
from fluorescence-assisted systems, visual 
scales, or clinical photographs). These can also 
be used for activity assessment. Lesion activity 
is the first main factor to decide intervention 
thresholds, although such evidence is limited 
and more research is strongly advocated.

Cavitation
Cavitated lesions are those with a surface 
breach that is clearly detectable to the naked 
eye or a rounded dental explorer. Often, 
this may also involve dentine exposure. 
Cavitation increases the likelihood of lesion 
progression,50,67 because the dental biofilm 
is protected from self-cleaning and oral 
hygiene procedures. Moreover, cavitation 
encourages a more rapid diffusion of acids 
and carbohydrates, as well as greater bacterial 
contamination of tissues. In cavitated lesions, 
the involved dentine is demineralised and 
the outer portion of the lesion is bacterially 
contaminated/infected.

A subgroup of cavitated lesions are 
the micro-cavitated lesions. Sometimes, 
magnification is needed to detect cavitation in 
these lesions. Micro-cavitated lesions can show 
enamel breakdown without visible dentine 
exposure.

Note that cavitation can be assessed tactile-
visually on accessible smooth surfaces (buccal, 
lingual). Occlusally, their assessment is more 
complicated. Occlusal carious lesions which 
radiographically extend deep into the dentine 
(middle or inner dentine third, D2/3) are 
usually heavily bacterially contaminated and 
demineralised. These lesions may require a 
different management than lesions without 
such extensive dentine involvement.

On proximal surfaces, detecting cavitation 
using visual-tactile means is nearly impossible 
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when adjacent teeth are present (except for 
clear cavitation in more extensive lesions). 
Orthodontic separators may be used to gain 
access over some days, but this is not practical 
in most settings. Hence, most clinicians will 
rely on further diagnostic aids, mainly bitewing 
radiography, to gauge the likelihood of 
cavitation. While radiographs seldom permit 
accurate detection of cavitation itself, the lesion 
depth serves as a proxy of how likely cavitation 
is; deeper radiographic lesions come with a 
higher chance of being cavitated. A number 
of studies have assessed the relationship 
between the radiographic lesion depth and 
the presence of cavitation. These have been 
summarised in a recent review.68 Lesions 
confined radiographically to the enamel 
(outer or inner enamel half, E1/E2) are seldom 
cavitated, while those into the middle or inner 
dentine third (D2/D3) are usually cavitated. 
Some of the lesions radiographically extending 
into the outer dentine third (D1) may be 
cavitated, others not. Further detection aids 
such as near-infrared light transillumination 
or fluorescence-based systems69 can be used 
to corroborate radiographic lesion depth 
assessment.

Cleansability
Cavitation is a major factor for deciding 
whether and how to intervene, because it 
serves as an indicator of cleansability and, as 
described, activity. Nevertheless, sometimes 
even cavitated lesions can be cleansable, for 
example in primary anterior teeth with open 
smooth surface lesions, or in root surface 
lesions.

There are further factors which can modify 
caries intervention thresholds: the patient’s 
caries risk/susceptibility, age and the dentition.

Caries risk/susceptibility and behavioural 
adherence
The term caries risk/susceptibility refers to 
the chances of an individual developing new 
carious lesions in the future. There are a 
number of possible aspects to be integrated 
into caries susceptibility assessment, such as 
past caries experience (assuming past caries 
experience to be a robust indicator of risk 
factors on the behavioural and the genetic 
level) and factors directly or indirectly related 
to caries pathogenesis (diet, oral hygiene, 
saliva) or lesion development (fluoride intake). 
Past caries experience has been found to have 
a good predictive value,70 while most other 
factors have only moderate or low predictive 

value. Many further factors suggested for caries 
risk assessment (salivary buffering capacity, 
bacterial number/concentration in the saliva, 
to name but two) show limited predictive 
value.71 For root caries, the number of surfaces 
at risk (exposed roots) seems to be a useful 
robust parameter for risk assessment.72

There are some established caries risk/
susceptibility assessment systems which 
integrate these factors and weight them. These 
systems have been found useful to predict 
coronal and root caries to some degree, but 
with limited generalisability.73,74,75

Caries susceptibility assessment helps 
to identify patient-specific factors, which 
are of value. These should be managed and 
re-evaluation performed regularly throughout 
any episode of care. If risk factor modification 
is not successful or longitudinal re-evaluation 
not possible, this should be taken into 
consideration in determining intervention 
thresholds.

Age
There are several unique considerations that 
are important in the oral health management 
of children’s and older adults (or vulnerable 
groups with special needs).76 The oral health 
and behaviour of the carer has a marked 
influence on the oral health of younger 
children or other dependent individuals, such 
as the elderly and institutionalised individuals. 
The factors affecting patient behaviour in such 
groups, as in all patients, must be considered, 
that is capability, opportunity and motivation. 
Very young children may show only limited 
cooperation and behavioural adherence.77 In 
some of these individuals, sedation or general 
anaesthesia are needed to provide care. 
Interventional thresholds may be lowered and 
more invasive treatments chosen in some of 
these instances.

The dentition
The structure of primary teeth differs from 
that of permanent teeth. The enamel is 
thinner and slightly less mineralised. The pulp 
space is proportionally larger and the shape 
of the teeth is different. The contact areas 
of the molar teeth, especially between the 
mandibular molars, are flatter than permanent 
molars and premolars. This predisposes to 
carious lesions developing below the wider 
contact area, close to the gingival margin. 
Given this anatomy, conventional restorative 
approaches (including carious tissue removal 
and direct restorations) have higher risks of 

complications (more pulp exposure and 
restorative complications) in primary than 
permanent teeth.61,78 Moreover, visual-
tactile lesion detection on proximal surfaces 
of primary teeth is difficult because of 
these wider contact areas.79 Also, and most 
importantly, primary teeth exfoliate. The time 
to exfoliation and the speed of progression of 
the carious lesion can influence the decision 
affecting treatment for a lesion. Pulp therapies 
for primary molars (especially those with 
necrotic pulp tissue) may be successful, but 
are technically demanding.80 In a few cases, 
removing primary molars and, if needed, 
maintaining the space may be a valid option 
to avoid pain or sepsis. In contrast, for 
permanent teeth, the overarching therapeutic 
aim is long-term retention of teeth in a 
functional, pain-free and depending on the 
location in the mouth, aesthetically acceptable 
condition. Any intervention threshold should 
consider these aspects on an individual 
patient basis.

When to intervene in the caries 
process?

Based on the contemporary understanding of 
the caries process, the available interventions 
and the factors determining or modifying 
intervention thresholds, all discussed in 
this article, the consensus group agreed on 
a number of recommendations for when to 
intervene non-invasively, micro-invasively 
or minimally invasively/restoratively in the 
caries process and for existing carious lesions. 
These recommendations were the subject of 
the Delphi process, with experts voting on the 
verbatim recommendations below.

The recommendations should be adapted 
to each individual patient and setting and 
need to be applied with each oral healthcare 
professional’s individual expertise and 
practising context in mind. Also note that 
nearly all recommendations made are not 
based on strong empirical evidence, but mainly 
on expert opinion and experience. Hence, 
clinical judgment remains a key element in 
deciding the threshold for intervention. The 
recommendations are set out below, together 
with the level of agreement (mean values on a 
scale from 1 [do not agree at all] to 10 [fully 
agree] and standard deviations [SD]).
1.	 Lesion activity should be assessed. An 

inactive (arrested) lesion is like a ‘scar’ and 
does not require any treatment, but should 
be reviewed. In some cases, restorations 
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might be placed for reasons of form, 
function or aesthetics. An active lesion 
needs management (agreement 9.4, SD 
1.1) (Fig. 2)

2.	 Cavitation increases the likelihood of 
activity and lesion progression, as the 
dental plaque biofilm is protected from 
self-cleaning and oral hygiene procedures. 
Moreover, cavitation encourages a more 
rapid diffusion of sugars and acids. 
Cavitation can be assessed on visible/
accessible surfaces (9.2, SD 0.8)

3.	 As a general principle:
1.	 Inactive, non-cavitated and cavitated 

lesions do not require any treatment 
(except for reasons of form, function or 
aesthetics) (8.8, SD 1.4)

2.	 Active, non-cavitated carious lesions 
should be managed non- or micro-
invasively (9.1, SD 0.9) (Fig. 2)

3.	 Cavitated carious lesions which are 
cleansable but active, can also be 
managed non- or micro-invasively 
(except for reasons of form, function or 
aesthetics) (8.8, SD 1.4) (Fig. 2)

4.	 Cavitated carious lesions which are 
not cleansable and active, should be 
managed using minimally invasive/
restorative strategies. In specific 
circumstances, mixed interventions may 
be applicable (9.1, SD 1.0) (Fig. 2).

4.	 On occlusal surfaces, two specific scenarios 
arise (Fig. 3):
A.	 Micro-cavitated lesions extending only 

into enamel. These can be successfully 
managed using micro-invasive or mixed 
interventions (8.8, SD 1.5).

B.	 Micro-cavitated lesions radiographically 
extending deep into dentine (middle 
or inner dentine third, D2/3). These 
are often bacterially contaminated/
infected, demineralised and also 
cavitated, but the cavitation cannot be 
detected/accessed given the specific 
anatomy of the occlusal surface. Lesion 
arrest using non-invasive means may 
be unlikely here. Also, the stability of 
any kind of sealant material placed 
over these lesions appears to be limited. 
Hence, such lesions should be managed 
minimally invasively/restoratively in the 
majority of cases (9.1, SD 0.8).

5.	 On proximal surfaces, cavitation of early 
lesions is usually hard to assess tactile-visually. 
Orthodontic separators may be used to gain 
visible access, or lesion depth ascertained from 
bitewing radiography can be used as proxy to 

determine the likelihood of cavitation (Fig. 4). 
Lesions extending radiographically into the 
middle or inner third of the dentine (D2/3) 
can be assumed to be cavitated, whilst those 
restricted to the enamel (E1/2) are usually not 
cavitated. These lesions should be managed 
accordingly. For lesions radiographically 
extending into the outer third of the dentine 
(D1), a decision problem exists. If possible, 
these lesions should be managed as if they 
were non-cavitated, as they are likely to 
be non-cavitated (that is, non- or micro-
invasively) (8.9, SD 1.1)

6.	 The caries risk/susceptibility of a patient 
should be assessed. Identified patient-
specific risk factors should be, if possible, 
managed, and re-evaluation performed 
regularly. If risk factor modification is not 
successful or longitudinal re-evaluation 
not possible, this should be taken 
into consideration and may influence 
subsequent interventional thresholds (9.0, 
SD 0.8)

7.	 Interventional thresholds may be lowered 
and more invasive treatments chosen for 
treatment requiring sedation or general 

No intervention Invasive 
interventions

Non- and micro-
invasive interventions

Mixed interventions

No Yes
Is any treatment/
intervention needed?

Is invasive/restorative
treatment needed?

No Yes

NoYes

Active?

Cavitated?

Cleansable?

Fig. 2  Factors involved in determining caries intervention thresholds. Activity, cavitation 
status and cleansability are the main factors determining intervention thresholds (whether 
and when to intervene). Thresholds need to be adapted to each individual patient and 
setting, and need to be applied with each dental professional’s individual expertise in 
mind. There are specific scenarios (Fig. 3, note that as described, not all interventions are 
applicable in both dentitions or all patients)

No 
intervention

Non-/micro-
invasive 

interventions

Micro-
invasive 

interventions

Mainly invasive 
interventions

Micro-
invasive 

interventions

Mainly 
invasive 

interventions

No Yes

No Yes

YesNo NoYes

Active?

Cavitated?

Dentine 
radiographically
involved?

Mixed
interventions

Fig. 3  Factors determining intervention thresholds for occlusal lesions. Activity and 
cavitation status are the main factors determining intervention thresholds. In addition, 
radiographic dentine involvement should be considered. Note that as described, not all 
interventions are applicable in both dentitions or all patients
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anaesthesia (for example, children, special 
care patients) (9.2, SD 1.1)

8.	 In permanent teeth, the overarching 
therapeutic aim is retaining teeth in a 
functional, pain-free and – depending on 
the location in the mouth – aesthetically 
acceptable condition. In primary teeth, 
maintaining the space of primary 
molars and avoiding pain or sepsis is the 
overarching therapeutic aim. Intervention 
thresholds should consider these aims 
accordingly (9.0, SD 1.3).

Conclusions

A consensus on when to intervene in the caries 
process and for existing carious lesions using 
non- or micro-invasive, minimally invasive/
restorative or mixed interventions has been 
presented. Lesion activity, cavitation and 
cleansability are the key factors to be considered 
to determine intervention thresholds. Inactive 
lesions do not usually require any treatment 
(in some cases, restorations might be placed 
for reasons of form, function, aesthetics); 
active lesions do. Non-cavitated carious 
lesions should be managed non- or micro-
invasively, as should cavitated carious lesions 
which are cleansable. Cavitated carious lesions 
which are not cleansable usually require 
minimally invasive/restorative management, 
also to restore form, function and aesthetics 
of the tooth. In specific circumstances, mixed 
interventions may be applicable. On occlusal 
surfaces, cavitated lesions confined to enamel 
and non-cavitated lesions radiographically 
extending deep into dentine (middle or inner 
dentine third, D2/3) may be exceptions to 
that rule. On proximal surfaces, cavitation is 
usually hard to assess tactile-visually. Hence, 
radiographic lesion depth is used to determine 
the likelihood of cavitation. Lesions extending 
radiographically into the middle or inner 
third of the dentine (D2/3) can be assumed 
to be cavitated, while those restricted to the 
enamel (E1/2) are usually not cavitated. For 
lesions extending radiographically into the 
outer third of the dentine (D1), cavitation 
status remains unclear. These lesions should be 
managed as if they were non-cavitated unless 
otherwise indicated. Individual decisions 
and clinical judgment should consider 
factors modifying the described intervention 
thresholds. Comprehensive diagnosis is the 
basis for systematic decision-making on 
when to intervene in the caries process and 
on existing carious lesions. Patients should be 

informed fully about treatment options and 
should provide informed consent accordingly 
and thorough, contemporaneous records 
maintained.
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Appendix 1  A detailed description of the methods used, including the guidance on conducting and reporting Delphi studies

The expert group represented members of the European Association for Caries Research (ORCA) and the European Federation of Conservative Dentistry (EFCD) 

as well as (mainly overseas) non-members. The group was organised and the process led by two members, FS and DJM. These members also organised financial 

support for the meeting. The members of the expert group were chosen based on their clinical and scientific expertise, allowing sufficient breadth of experience, as 

well as geographic aspects. All experts were familiar to one or both organisers. Note that some experts came from the same institution; no weighting or adjustment 

during the consensus was performed for this, as any kind of possible bias introduced by this was assumed to be limited and was accepted, but also as no valid rules 

for such weighting or adjustment are available.

Both ORCA and EFCD approved and supported the initiative, its aims and the meeting, and the then-president-elect of ORCA and the then-acting-president of 

EFCD were members of the group. As described, all members of the group provided a conflict of interest declaration and no member was found to be subject to 

relevant conflict of interest related to the consensus statement.

Prior to the meeting, a working paper, which also formed the basis for the present consensus document, was drafted by a smaller group of members, whose 

task it was to sum up and synthesise the available evidence for the different levels of invasiveness (NI, MI, invasive) as well as the evidence base towards possible 

intervention thresholds. Note that no systematic review process was performed, but existing reviews were considered. The compiled draft was sent to the overall 

group, who commented on it extensively, in two rounds. The resulting manuscript was the basis of the following steps and included consensus recommendations. 

Only these recommendations were voted on during the subsequent Delphi process; the text itself (excluding the recommendations) was not submitted to any 

further consensus process as we felt the core of the consensus was the recommendations.

A two-staged confidential e-Delphi survey was then undertaken. Between the two Delphi rounds, the consensus panel meeting was held. The reporting for 

this Delphi follows the Guidance on conducting and reporting Delphi studies (CREDES),6 with all points being laid out below once more for reasons of clarity.

Rationale for the choice of the Delphi technique

1.	 Justification: A stepwise approach of coming to a consensus on a set of evidence-based statements, after discussion first via email/text, then in a form of a 

meeting, was decided to be built on the Delphi technique. This technique is transparent, anonymous in voting and accepted by the community. Further, it 

was feasible and fitted to the specific design of this consensus process. By combining an open-ended approach with a Delphi, a systematic, but nevertheless 

comprehensive approach was encouraged.

Planning and design

2.	 Planning and process. The consensus rules (see below) were agreed to by the panel via email before starting the Delphi process. Modifications are described below. 

The Delphi asked for an agreement to each consensus statement (as can be found in the consensus recommendations section of the main paper), with a scale 

of 0–10 (do not at all agree to agree fully) being used. A multi-stage Delphi was planned, without removal of any items prior to concluding at maximum three 

rounds. Each round closed after a 4-week period. One reminder via email was sent for each round. Panellists were allowed to comment on each item. The survey 

was conducted via Delphi Manager 3.0, University of Liverpool, UK, and Surveyjet (Calibrum, https://calibrum.com), and survey data was analysed descriptively.

3.	 Definition of consensus. The following consensus rules applied: (1) Agreement to an item was defined by marking grades 7–10 on a scale from 1–10; (2) Minimum 

70% of all participants needed to agree to an item for this to be consensually accepted. Items which did not meet these criteria after the planned two rounds 

were to be dropped (no item was eventually dropped). For reasons of transparency, we additionally report on the mean agreement and the standard deviation

Study conduct

4.	 Informational input: The material provided to the panel is described in the main text. Its attainment has been described above.

5.	 Prevention of bias: To identify possible risk of bias, all members filled out a conflict of interest form. To prevent bias, a systematic, evidence-grounded approach was 

chosen. Note that the topic itself does only limitedly lend itself for financial/commercial bias. The planning and conduct were performed independent from the sponsor.

6.	 Interpretation and processing of results: There was, as discussed stable agreement to all items after the second round.

7.	 External validation: No external validation was sought.

Reporting

8.	 Purpose and rationale: These have been provided.

9.	 Expert panel: The criteria for the selection of experts was provided.

10.	Description of the methods: Preparatory steps, synthesis of the evidence, piloting of the statements, survey rounds and conference have been described.

11.	Procedure: The Delphi steps have been described.

12.	Definition and attainment of consensus: The following consensus rules applied: (1) Agreement to an item was defined by marking grades 7–10 on a scale from 

1–10; (2) Minimum 70% of all participants needed to agree to an item for this to be consensually accepted.

13.	Results: The results are reported in the main text. Note that between steps, at the panel meeting, a discussion on all items was held; these discussions had not 

been planned a priori but found necessary after the first round and the revision of the manuscript. Some items, mainly those showing low agreement in round 

1, were revised in language or content, and all items provided to the group in the second round. A consensus was reached on all items in the second Delphi 

round. All panellists except one took part in both Delphi rounds.

14.	Discussion of limitations: A limited group of people have been invited and came to this consensus, which is a limitation. Moreover, and as laid out, most 

statements are not supported by strong evidence, as this is missing.

15.	Adequacy of conclusions: The conclusions reflect the outcomes of the Delphi and aim for applicability of the deduced guidance points.

16.	Publication and dissemination: The consensus paper will be translated in various languages and published in national journals for dissemination.
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