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Dental caries: prevalence

Dental caries is a significant health issue, 
with over two billion adults and 520 million 
children world-wide suffering from the 
untreated condition.1 Dental caries remains a 
significant oral health issue in England, with 
27% of individuals over the age of 16 having 
carious teeth and a prevalence of dental caries 
in five-year-olds of 29.3%; however, caries 
experience in some deprived regions was 
found to be as high as 38.7%.2,3 The associated 
costs of managing dental caries are significant, 
with estimates for the global economic burden 

of caries to be $245 billion, and direct per-
person costs for managing dental caries in the 
UK of $22,910.4,5

Carious lesion development

Dental caries is a chronic, non-communicable 
disease resulting from net demineralisation of the 
dental hard tissues by acidic bacterial products 
produced during the degradation of low molecular 
weight carbohydrates.6 Bacteria found within the 
biofilm form a complex ecosystem composed of 
numerous species of microorganisms.7 In health, 
the biofilm remains in microbial homeostasis 
with no net demineralisation of the dental hard 
tissues. Net demineralisation begins to occur 
when the microbial homeostasis breaks down 
within an undisrupted biofilm and proliferation 
of acid-producing organisms occurs in response 
to local environmental changes favouring these 
organisms, a state known as dysbiosis.8,9 The first 
identifiable stage of demineralisation begins with 
direct dissolution of apatite crystals present on 
the surface of enamel.10 Continued exposure to 
bacterial acids results in further dissolution of 
surface apatite crystals, resulting in enlargement 
of intercrystalline diffusion pathways and 
preferential demineralisation of subsurface 
enamel.11

Sound enamel, comprised of well-organised 
hydroxyapatite crystals, creates a relatively 
optically transparent structure. Following 
early demineralisation, the enamel structure is 
altered, becoming more porous, less translucent 
and exhibiting some surface irregularities.12 
These changes lead to increased light 
scattering, resulting in an optical disruption 
and the appearance of a white spot lesion. Due 
to the organic components which contribute to 
the structure of dentine, progression of dentine 
caries requires proteolysis and damage to the 
collagenous matrix that is exposed following 
demineralisation.13 Since dentine has smaller 
and fewer apatite crystals than enamel, and 
is more porous, the carious lesion progresses 
faster in dentine than in enamel.14

Diagnosis of dental caries

There can be confusion around the terms 
diagnosis, detection and assessment. Diagnosis 
is the result of human, professional summation 
of all available information.15 Current guidance 
for caries diagnosis is to adopt a multi-step 
process to help assess the lesion. This involves 
lesion detection, determining lesion extent/
severity and assessment of lesion activity, all 
combined with establishing the caries risk/
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susceptibility of the patient.16,17 There are a 
wide range of protocols and models available, 
incorporating various caries risk factors and 
indicators. Most practitioners are familiar with 
the term ‘risk assessment’, which can be carried 
out at population and patient levels. Risk and 
susceptibility are often used interchangeably; 
however, a shift in focus to identify individual 
pathological and protective ‘susceptibility’ 
factors can better support customised 
preventive care planning.18 A patient-level 
caries risk/susceptibility assessment should 
be included as part of the initial patient oral 
health assessment (Domain 1 of the minimum 
intervention oral care [MIOC] framework) and 
then revisited and reviewed at regular intervals 
as caries susceptibility is not static and there 
can be significant fluctuations over time.19,20 
Adopting a systematic approach to assessing 
susceptibility of dental disease is advisable. 
There are a number of indices available to 
help clinicians to identify individuals at higher 
susceptibility of active caries.21,22 Clinical 
judgement is an important part of assessing 
susceptibility to caries, as even in the presence 
of a large number of protective factors, certain 
risk factors, such as reduced salivary flow, 
recent caries experience and presence of active 
disease, would place individuals at higher 
susceptibility of caries development.16

Accurate lesion diagnosis enables 
implementation of best-practice management 
strategies, where preventive (non-operative 
and/or micro-invasive) approaches are 
implemented, and if operative care is indicated, 
minimally invasive techniques are used.23,24,25 A 
concern often reported by dental practitioners 
about adopting patient-level MIOC and tooth-
level minimally invasive operative approaches 
is around litigation related to the failure of 
‘restoring carious lesions adequately’. Although 
primary care practitioners are adopting more 
minimally invasive operative techniques, 
such as selective caries removal and using 
adhesive bio-interactive restorative materials, 
there is still a tendency among clinicians to 
intervene operatively earlier than current 
evidence and guidance recommends.26,27 It is 
important to move away from the thinking 
that placing restorations alone is considered 
‘good dentistry’ or ‘cures caries’; emphasis must 
be placed on delivering prevention-based, 
sustainable care that offers the best long-term 
outcomes for patients in maintaining their 
personal oral health.20,28 Clinical negligence 
cases are brought for a wide range of reasons, 
including unnecessary or inappropriate 

treatment, failures or delays in diagnoses, 
poor communication or record-keeping, as 
well as not providing indicated professional 
and preventive care.29 With evidence 
supporting the preventive, person-focused, 
susceptibility-related, team-delivered MIOC 
approach,16,20,23,30,31 and an understanding 
of the undesirable sequelae of unnecessary 
commencement of the destructive restorative 
cycle,28 implementation of appropriate 
minimum intervention strategies for the 
management of dental caries is essential. 
Identifying, staging and grading carious 
lesions from the lesion extent, severity and 
activity information, gleaned from the clinical 
examination and shared decision-making, 
alongside the appropriate non‑/micro‑/
minimally invasive caries management 
approaches, allows practitioners and teams 
to demonstrate they are following evidence-
based best practice to develop appropriate 
prevention-based, phased, personalised care 
plans, as well as to support active surveillance 
of lesions over time.32 This falls in line with 
current periodontal disease management 
guidelines in primary care.33

Carious lesion detection and 
severity (staging)

Visual assessment of carious lesions dates as far 
back as dentistry itself and is still considered 
to be the most pragmatic method for clinical 
lesion detection. For comprehensive caries 
detection and assessment, teeth should be 
examined using focused illumination (ideally 
with magnification), with clean tooth surfaces, 
requiring the removal of surface debris, such 

as plaque and calculus. It is important to note 
the distribution, quality (density, thickness and 
stickiness) and quantity of biofilm deposits as 
they are removed, as these help inform caries 
process activity assessment.34,35 Areas of plaque 
stagnation/caries-susceptible sites should be 
examined with particular care; these may vary 
between individuals but usually include pits 
and fissures, particularly on partially erupted 
or submerged teeth, proximal surfaces just 
cervical to the contact points and smooth 
surfaces adjacent to the gingival margins 
(Fig.  1). When examining restored teeth, 
careful assessment of restoration margins 
is advised, particularly in the presence of 
overhangs or deficiencies.

Once the tooth surface is cleaned of any 
surface debris, in-depth probing of the surface 
of carious lesions using a sharp dental explorer 
is not advocated as a diagnostic assessment 
for carious lesions due to the potential for 
causing iatrogenic and irreversible cavitation 
of incipient lesions.36 The use of a sharp dental 
explorer does not improve diagnostic reliability 
and may affect the potential for lesions to 
remineralise by the creation of sub-clinical 
surface defects.37,38 A round-ended probe 
is advocated instead to check carefully for 
cavitation by gentle tactile feedback of surface 
contour and texture, using gentle, lateral 
sweeping motions over the tooth surface. Teeth 
should be examined both wet and dry, using 
the three‑in‑one air-water syringe, as when 
the teeth are dried, earlier detection of initial 
lesions is possible, whereas moderately deep 
lesions can be easier to identify when the teeth 
are wet. If there is uncertainty over the presence 
and extent of lesions on proximal surfaces, 

Fig. 1  a) Shows teeth on initial presentation. b) Shows the same dentition after plaque removal. 
The carious lesion on the 42 (arrowed) is more easily detected and the extent can be more 
accurately determined following plaque removal. The position of the lesion at the gingival 
margin and biofilm quality and quantity can also inform the carious lesion activity assessment
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Staging

Clinical assessment (with related mICDAS scores)

Sound
(mICDAS 0)

Coronal	
No evidence of caries after air-drying

Root	

Initial
(mICDAS 1)

Coronal	

Opacity or discolouration attributable to dental caries after enamel surface air-drying, with no underlying 
dentine shadowing or cavitation

Root	

Clear demarcation on root surface with no or minimal change to normal anatomical contour (less than 0.5 mm)

Moderate
(mICDAS 2, 3)

Coronal	

Lesion with shadow of discoloured dentine visible through wet enamel surface or evidence of initial cavitation

Root	

Cavitation present (0.5–2 mm)

Extensive
(mICDAS 4)

Coronal	

Distinct cavity exposing underlying deeper carious dentine

Root	

Cavitation present (>2 mm)

Radiographic assessment (with related mICDAS scores)

Sound
(mICDAS 0)

	

No radiolucency

Initial
(mICDAS 1,2)

E1		

Radiolucency in the outer half of the enamel

E2		

Radiolucency in the inner half of the enamel ± enamel-dentine junction

D1		

Radiolucency limited to the outer third of the dentine

Moderate
(mICDAS 3)

D2		

Radiolucency reaching the middle third of the dentine (likely to be cavitated)

Extensive
(mICDAS 4)

D3		

Radiolucency reaching the inner third of the dentine or into the pulp (clinically cavitated)

Table 1  Summary of recommended criteria for clinical and radiographic assessment to stage carious lesions and to establish the activity 
(grade) of carious lesions. Initial carious lesions can be managed non-operatively. Moderate lesions usually require the most consideration 
regarding whether to adopt non-operative, micro-invasive or minimally invasive operative interventions (cont. on page 460)
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temporary tooth separation can be carried 
out using interproximal wooden wedges or 
orthodontic separators to separate the teeth 
to aid visualisation and tactile feedback.39,40

Approaches to caries diagnosis by 
clinicians have been shown to be variable. 
A systematic review identified substantial 
variability in diagnostic criteria and caries 
concepts worldwide.41 To work towards a 
unified, evidence-based approach towards 
caries detection, lesion assessment and 
caries diagnosis, the International Caries 
Detection and Assessment System (ICDAS) 
was developed, classifying carious lesions into 
six distinct categories.42 Since its introduction, 
ICDAS has been widely used across caries 
research, education and public health.43 To 
further support its implementation into 
clinical practice, this six-category system was 
modified into a simpler four-point scoring 
system (mICDAS)44 and the classification 
system was developed further, incorporating 
caries management aspects, resulting in 
the International Caries Classification and 
Management System45 and CariesCare4D, 
providing a framework for diagnosis and 
management of carious lesions for dental 
professionals.16 For lesion severity, a 
staging system classifying lesions as ‘initial’, 
‘moderate’ or ‘extensive’ is recommended.16,40 
Table  1 summarises the characteristics of 
coronal and root carious lesion assessment. 
The relative activity, associated cavitation of 
a carious lesion and the overall cleansability 
of the lesion are the three key factors in the 
diagnostic process and deciding when to 
intervene. Caries associated with restorations 
or sealants (CARS; secondary caries) are 
staged and graded in the same way as coronal 
primary carious lesions. Where the margins 

of restorations are unsound, a minimally 
invasive ‘5Rs’ management approach 
is recommended: reviewing the defect; 
refurbishment of the surface; and re-sealing, 
repair or replacement of the tooth-restoration 
complex.46,47,48,49

Radiographic assessment

Radiography is an important supplementary 
diagnostic aid in detecting carious lesions. 
The most frequently taken radiographs 
for lesion detection are bitewings, which 
are used to screen for proximal surface 
lesions that are difficult to detect and 
diagnose clinically. Radiographs also 
offer an adjunct to clinical examination in 
determining the severity/depth of lesions, 
particularly proximal lesions and deeper 
occlusal lesions, and therefore can assist 
in decision-making with regards to the 
most appropriate management strategies.50 
Determination of lesion progression into 
dentine is of particular importance; where 
carious lesions extend to the middle third of 
the dentine and beyond, cavitation is often 
(but not always) present and minimally 
invasive operative interventions are likely 
to be needed.51 For lesions extending up to 
the outer third of the dentine, which may not 
be cavitated clinically, the use of preventive 
or micro-invasive interventions, such as 
remineralising agents, resin infiltration or 
therapeutic sealants, should be considered. 
Table 1 outlines recommended criteria for 
radiographic extent assessment.16,40

Although visual-tactile clinical assessment 
for lesion activity is recommended, 
radiographs can offer some additional 
diagnostic ‘clues’, to be interpreted with care 

as they will only provide 2D information 
of a 3D scenario at a given snapshot in 
time. For example, radiographs can show 
if tertiary dentine has been laid down in 
response to ongoing lesion activity. This 
can be seen by relative shrinkage of the of 
pulp horns adjacent to the more radiolucent 
carious demineralisation. A ‘moth-eaten’ 
radiolucent outline at the advancing border 
of the dentine lesion may also indicate active 
lesion progression.44 If a more defined radio-
opaque boundary between the pulp and the 
lesion boundary can be observed, this could 
indicate a relative tipping of the metabolic 
balance towards lesion arrest and mineral 
deposition. In order to assess lesion behaviour 
over time, longitudinal radiographs can be 
used to assess these changes. Care is needed 
to ensure the alignment of the x‑ray beam 
and the film are duplicated in sequential 
radiographs – this is not always easy to 
achieve. Digital subtraction radiography 
has been suggested as a potential method 
to improve the active surveillance of lesions 
over time;52,53 however, further studies are 
required to assess the validity and reliability 
of this technique. A disadvantage associated 
with radiography is exposure of the patient 
to ionising radiation. The perceived benefits 
from dental radiography need to be justified 
against the associated risks; therefore, it is 
essential that the frequency of screening 
radiography is tailored to each patient 
and their individual caries susceptibility.54 
For active surveillance of carious lesions 
over time, the depth/extent of the carious 
lesions under review should also inform the 
recommended radiographic intervals, with 
deeper lesions having a shorter interval 
between radiographs.35,55

Grading

Lesion activity assessment

Activity status Initial/moderate lesions Extensive lesions

Likely inactive/arrested

Enamel surface whitish, brownish or black
Enamel shiny
Feels hard and smooth to gentle probing across 
surface
Lesion not in a plaque stagnation area

Dentine shiny and hard on gentle probing

Likely active

Enamel surface whitish or yellowish
Opaque appearance
Loss of lustre
Feels rough to gentle probing across tooth 
surface
Lesion in a plaque stagnation area

Dentine feels soft or leathery on gentle probing

Table 1  Summary of recommended criteria for clinical and radiographic assessment to stage carious lesions and to establish the activity 
(grade) of carious lesions. Initial carious lesions can be managed non-operatively. Moderate lesions usually require the most consideration 
regarding whether to adopt non-operative, micro-invasive or minimally invasive operative interventions (cont. from page 459)
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Lesion activity (grading)

The presence of a cariogenic, dysbiotic, dense, 
stagnant plaque biofilm on a tooth surface is 
indicative clinically of an overall active caries 
process. The assessment of carious lesion 
activity is an important component of the 
caries diagnostic process as it has significant 
implications for the optimal management 
of potentially developing lesions.56 Active 
lesions may be defined as those that exhibit 
ongoing mineral loss due to metabolic 
activity in the overlying biofilm and therefore 
require intervention to rebalance the biofilm 
dysbiosis and prevent further progression.51,57,58 
In the absence of other indications, such as 
compromised aesthetics, form and/or function, 
inactive (arrested) lesions, where there is 
no net mineral loss occurring or potentially 
even lesion repair in progress, do not require 
operative treatment.50 To assess lesion activity, 
there is no single characteristic indicative of an 
active carious lesion; instead, several clinical 

factors are considered. These factors include 
the surface colour, appearance and texture of 
the lesion as determined by gentle examination 
of the surface with a round-ended probe, as well 
as whether it is located in a plaque-stagnation 
area (Table 1).16,35,40 Reliable determination of 
lesion activity at a single visit is challenging as 
a carious lesion may have features associated 
with both active and inactive lesions or a 
lesion could be at a transitional stage between 
inactive and active.34,56 As part of the activity 
assessment, clinicians should assess the 
cleansability of each lesion, as inability to 
disrupt the biofilm would be indicative of 
a lesion that is likely to progress.35,59,60 If any 
doubt exists regarding the activity status of 
a lesion, it is recommended to classify the 
lesion as active and implement appropriate 
preventive, non-operative management 
strategies to promote lesion arrest. Due to the 
dynamic nature of caries, careful longitudinal 
active surveillance of all carious lesions is 
recommended to identify and record any 

changes over time. The most valid method 
for determining lesion activity is repeated 
assessment of lesions over time, and this also 
allows practitioners to determine the success of 
any non-operative preventive interventions.35

Additional clinical lesion detection 
and assessment technologies

A range of technologies and methods have 
been developed to support practitioners in 
the diagnosis of dental carious lesions. Table 2 
outlines some of the existing technologies 
available for the detection and assessment 
of carious lesions. While some of these 
technologies show promise in adjunctive use 
for the future, careful visual-tactile assessment 
supplemented with dental radiography where 
appropriate is still recommended as current 
base-line assessment in team-delivered 
MIOC delivery in primary care.35 The use of 
diagnostic tools that allow for the detection 
of sub-clinical dental carious lesions are not 

Technology Mode of action Advantages Disadvantages

Fibre-optic 
transillumination and digital 
transillumination15,61,62

Increased light scattering by demineralised dental 
hard tissues resulting in reduced transmission of light 
through the tooth

Non-invasive.
Allows for immediate interpretation. 
Colour changes observed may also 
indicate if lesion extends into dentine

Diagnostic accuracy limited. Some 
research has shown it to have low 
sensitivity. Operator experience 
needed to interpret outcomes

Quantitative light-induced 
fluorescence63,64,65

Blue-violet light is directed onto the tooth surface. 
Causes excitation of fluorophores within dentine 
resulting in fluorescence of the tooth. Demineralised 
enamel and dentine exhibit reduced fluorescence. 
Images are captured and analysed to determine the 
amount of demineralisation

Non-invasive. Can provide 
quantitative values informing extent 
and allowing monitoring over time. 
Can support early detection of lesions

Some models require a darkened 
environment. Interpretation can 
vary between operators. Training 
needed. Can be affected by staining 
or restorations

Laser fluorescence65,66,67,68

Low energy light is directed at the tooth. Differences 
observed in energy absorption and subsequent 
wavelength of emitted light between sound and 
carious hard tissues

Non-invasive.
Immediate feedback. Can provide 
quantitative values.
Intensity of fluorescence detected 
could indicate lesion extent

Interpretation may vary between 
operators

Electrical conductance/
impedance 
measurements68,69,70,71

A low frequency electrical current is passed through 
the tooth. Demineralised enamel and dentine contain 
higher concentrations of fluid/ electrolytes, which are 
more conductive than sound enamel and dentine. 
The resulting increase in conductance or reduced 
impedance of the electrical current through the tooth 
tissue is measured

Non-invasive. Provides quantitative 
measurements. Can be used for 
monitoring carious lesions over time

Sensitivity and specificity shown to 
be variable

Bioluminescence72,73

Imaging is undertaken to assess light emission 
resulting from a chemical reaction between 
photoproteins in solution and free calcium ions 
released from actively demineralising dental 
hard tissues. The luminescence is recorded by an 
intra-oral camera and overlaid onto an image of 
the tooth surface, providing a map of where active 
demineralisation is occurring

May provide single-visit assessment 
of carious lesion activity. Early 
detection of lesions. Non-invasive. 
Can allow monitoring over time

Operator training needed

Artificial intelligence74,75,76
Machine learning algorithms trained on a wide range 
of digital images analyse images to identify patterns 
and features associated with carious lesions

Automated and objective. Can 
analyse large numbers of images 
quickly. Demonstrated increased 
sensitivity for enamel lesions; 
however, this could lead to invasive 
intervention earlier than indicated

Accuracy dependent upon size 
and diversity of training dataset. 
Validation by dental professionals still 
advised due to risk of false positive 
or negatives. Limited benefits in 
detecting moderate and severe 
carious lesions

Table 2  Adjunctive technologies available for clinical carious lesion detection and assessment
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currently recommended in general dental 
practice as they offer minimal clinical care 
benefit and could encourage unnecessary 
interventions.

Diagnosis and carious lesion 
management

As dental caries is a complex and multifactorial 
biofilm-mediated disease, a significant 
challenge for clinicians is to ascertain the 
relative importance of each of the contributory 
factors involved in a particular patient and 
subsequently to determine the most effective 
strategies for diagnosis, prevention and 
treatment at the individual patient  level.77 
Once diagnoses have been made, practitioners 
should follow best practice guidance in 
determining the prognosis and optimal 
management strategies for the patient and 
for any identified lesions.16,51 Activity, 
whether the lesion is cavitated or not, and its 
cleansability, are the three most significant 
factors in determining what interventions 
are recommended.50 Preventive methods 
using the MIOC approach should aim to 
address as many of the aetiological factors 
as possible, including supporting patient 
behaviour change with goal-setting, disrupting 
or modulating the biofilm, modifying diet 
and promoting remineralisation.32,78 Active 
surveillance alone may be indicated where 
lesions are determined to be inactive, as further 
mineral loss is unlikely.79 In the absence of 
symptoms or other patient complaints, even 
frank cavitation does not necessarily indicate 
operative intervention; if lesions are cleansable 
and an adequate standard of oral hygiene can 
be achieved, lesions may be able to arrest and 
remineralise with non-operative and micro-
invasive (non-restorative cavity control) 
interventions.51,80,81,82,83,84

Summary

The role of oral healthcare team members in 
caries management is becoming increasingly 
focused on preventing caries developing in 
highly susceptible individuals and managing 
early lesions using non-invasive or micro-
invasive methods to remove the ultimate 
need for operative intervention.85 With oral 
and dental healthcare delivery centred on 
prevention-based, susceptibility-related, 
person-focused, team-delivered MIOC, 
early detection and detailed assessment of 
lesions is essential.32 Table 1 summarises the 

recommended criteria to support practitioners 
in assessing carious lesion extent/severity 
(staging) and its activity (grading). Decision-
making regarding appropriate interventions 
for all carious lesions should follow an 
assessment of lesion staging, grading, level of 
cavitation and related cleansability, alongside 
determination of the caries susceptibility 
status of the individual.32,51,57 This best clinical 
practice will then allow the correct allocation 
of resources in primary care settings.
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