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as their activity status (Fig. 1). Many methods have been 
developed, evaluated and proposed for the clinical detec-
tion of caries on occlusal, proximal, smooth or root sur-
faces. When considering their practical relevance, it must 
be stated that only visual examination (VE), visual-tactile 
examination and radiographic examination have gained 
worldwide acceptance. Adjunct methods, e.g., laser fluores-
cence, fluorescence imaging or (near-)infrared light (trans)
illumination (NILT), are not commonly used, although they 
provide additional information using ionising radiation-free 
technologies. In addition to the usability and availability of 
any diagnostic method, its validity in terms of accuracy is 

Introduction

Far too often, caries diagnosis is limited to the determina-
tion of the presence or absence of cavitation. In contrast, 
early detection provides the opportunity to arrest caries or 
to treat lesions by treating lesions with non-operative or 
minimally invasive techniques. Therefore, appropriate car-
ies management needs to be based upon diagnostic methods 
and indices that cover all severity stages of caries as well 
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Abstract
Objectives The aim of the present consensus paper was to provide recommendations for clinical practice considering the use 
of visual examination, dental radiography and adjunct methods for primary caries detection.
Materials and methods The executive councils of the European Organisation for Caries Research (ORCA) and the European 
Federation of Conservative Dentistry (EFCD) nominated ten experts each to join the expert panel. The steering committee 
formed three work groups that were asked to provide recommendations on (1) caries detection and diagnostic methods, (2) 
caries activity assessment and (3) forming individualised caries diagnoses. The experts responsible for “caries detection and 
diagnostic methods” searched and evaluated the relevant literature, drafted this manuscript and made provisional consensus 
recommendations. These recommendations were discussed and refined during the structured process in the whole work 
group. Finally, the agreement for each recommendation was determined using an anonymous Delphi survey.
Results Recommendations (N = 8) were approved and agreed upon by the whole expert panel: visual examination (N = 3), 
dental radiography (N = 3) and additional diagnostic methods (N = 2). While the quality of evidence was found to be hetero-
geneous, all recommendations were agreed upon by the expert panel.
Conclusion Visual examination is recommended as the first-choice method for the detection and assessment of caries lesions 
on accessible surfaces. Intraoral radiography, preferably bitewing, is recommended as an additional method. Adjunct, non-
ionising radiation methods might also be useful in certain clinical situations.
Clinical relevance The expert panel merged evidence from the scientific literature with practical considerations and provided 
recommendations for their use in daily dental practice.
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of clinical importance. Furthermore, the reproducibility of 
measurements must be considered another key variable. The 
aim of this ORCA-EFCD consensus paper was to provide 
expert recommendations for clinical practice considering 
the use of VE, dental radiography and adjunct methods for 
primary caries detection in all patient groups. The expert 
group merged existing evidence from the scientific lit-
erature with practical considerations and provided recom-
mendations for their use in daily dental clinical practice. In 
addition to this paper, clinical recommendations for caries 
activity assessment and the individual diagnosis of caries 
were developed in parallel projects [1, 2].

Materials and methods

Expert panel. The executive councils of the European 
Organisation for Caries Research (ORCA) and the Euro-
pean Federation of Conservative Dentistry (EFCD) agreed 
in 2021 to develop consensus statements on (1) caries detec-
tion and diagnostic methods, (2) caries activity/progression 
assessment and (3) individualised caries diagnosis. The pre-
viously jointly published statements on caries management 
[3–10] served as a model for this process. Both academic 
societies identified and nominated ten experts each to join 
the development process. MCD Huysmans, C. Splieth, K. 
Neuhaus and J. Kühnisch formed the steering committee 
for the project. In detail, J. Kühnisch moderated the pro-
cess of caries detection and diagnostic methods, and the 
other work group members were Johan K. M. Aps, Keith 

Horner, Anahita Jablonski-Momeni, Adrian Lussi, Fausto 
M. Mendes and Gottfried Schmalz.

Search of the literature. The basis for the consensus pro-
cess was a search of literature. PubMed and Google Scholar 
were searched for articles published from January 1, 2010, 
to June 31, 2022, using a search term for systematic reviews, 
meta-analysis and/or guidelines on caries diagnostic/detec-
tion methods (Table 1). The identified papers were screened 
systematically for relevance by the work group.

Structured development of the recommendations in the 
expert group “Caries detection methods”. It was consid-
ered that a group consensus process is crucial in developing 
clinical recommendations [11]. The approach for the rec-
ommendations in this paper included a systematic search 
of the literature, multiple online meetings and a structured 
communication flow aiming to converge existing opinions 
and, finally, efforts to reach a unanimous group consensus. 
The experts identified practical needs from different per-
spectives, e.g., patient needs, potential and limitations of 
national health care systems, recent developments in car-
ies epidemiology, availability and acceptance of diagnostic 
methods among dental practitioners, and drafted a working 
paper including prephrased recommendations for discus-
sion by the whole expert panel, completed in July 2022.

Level of evidence. Furthermore, the level of evidence from 
the available literature was evaluated by the working group 
in accordance with published recommendations. Evidence 
supported by unequivocal scientific studies, e.g., multiple 
randomised controlled clinical trials or systematic reviews/
meta-analyses, was evaluated as “High”. Evidence based on 
well-designed clinical studies, e.g., controlled clinical tri-
als, was evaluated as “moderate”. Finally, evidence based 
on expert opinion only or that are based on weak evidence, 
e.g., laboratory (in vitro) studies or only low-quality studies 
or studies with contradicting results were ranked as “Low”.

Level of agreement. The structured consensus process 
was initiated during an online group workshop on August 
31, 2022. During this meeting, the existing scientific litera-
ture and empirical experiences were presented to the whole 

Table 1 Search string used for the identification of potential publica-
tions in PubMed
Search string
((Dental Caries OR caries) AND (detect* OR diagn* OR assess-
ment* OR evaluat*) AND (visual OR radiograph* OR bitewing 
OR adjunct OR additional OR light) AND (guideline OR guidance 
OR recommendation* OR “practice guidelines” OR consensus OR 
“systematic review” OR “meta-analysis”))
2012–2022

Fig. 1 Steps in the caries diagnostic process and selection of therapy
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expert group and critically discussed, and the recommenda-
tions arising from this work were reviewed and rephrased 
until consensus was reached. Some nominees were unable 
to attend the meeting, but they had full access to all docu-
ments and were invited to suggest changes in the main text 
and recommendations. The present manuscript was final-
ised by the work group on the basis of the discussions at the 
meeting. After this, all recommendations were redistributed 
to the expert panel, giving all experts the opportunity for 
critical rereading. Subsequently, all recommendations and 
documents were harmonised. The final manuscript versions 
were reviewed again by the whole expert panel before sub-
mission for publication.

Finally, a confidential web-based Delphi survey (Castor 
EDC, Amsterdam, the Netherlands) was undertaken as car-
ried out in earlier ORCA-EFCD consensus papers [3–10]. 
During the voting process, all experts gradually agreed inde-
pendently of each other on every single recommendation. It 
was possible to vote from grade 1 (completely disagree) to 
grade 10 (completely agree). An additional field for free-
text comments was made available to allow reasoning for a 
certain decision or proposals for modifications. The level of 
agreement was calculated for each item as the median value 

out of all votings. At least 80% of the vote ≥ 8 was consid-
ered as acceptance of the statement by the group, and the 
results were reported as agreement (10 − 8), (neutral 7 − 4) 
or disagreement (3 − 1).

Visual examination

Several visual scoring systems or indices for the assessment 
of dental caries have been developed and published, includ-
ing the International Caries Detection and Assessment Sys-
tem (ICDAS) [12–18] and its earlier proposals [19, 20], the 
Universal Visual Scoring System (UniViSS) [21, 22] and 
the Caries Assessment Spectrum and Treatment (CAST) 
tool [23]. For complete information gathering to inform 
optimal individualised caries management, a structured 
clinical examination protocol is needed that has to include 
VE as the method of first choice (Fig. 2). When considering 
the requirements for an accurate and repeatable VE of teeth, 
the presence of other hard tissue defects, e.g., erosive tooth 
wear, tooth attrition, staining or developmental disorders 
such as molar-incisor hypomineralisation or enamel fluoro-
sis, and the importance of caries activity and risk assess-
ment must also be emphasised. The presence of biofilm 

Fig. 2 Scheme for a structured 
diagnostic examination
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of lesions with a need for monitoring. Using photographs to 
assess occlusal surfaces with the ICDAS criteria was shown 
to be a suitable possibility for caries detection [35], but it is 
usually not part of everyday dental routines.

Consensus recommendations for visual examination. The 
expert group consented to the following key statements for 
VE:

1. Visual-tactile examination with structured classification 
systems is recommended as the method of first choice 
for the detection and staging of caries lesions on acces-
sible surfaces. This requires appropriate illumination, 
cleaning after assessing biofilm presence and air-drying.

 Level of evidence: High.
 Level of agreement: 100% (agree, N = 20)/0% (neu-
tral)/0% (disagree).

2. Visual-tactile examination should also be used to col-
lect information on caries lesion activity.

 Level of evidence: Moderate.
 Level of agreement: 90% (agree, N = 18)/10% (neutral, 
N = 2)/0% (disagree).

3. Visual-tactile examination is also recommended in the 
context of differential diagnosis for all other dental hard 
tissue defects.

 Level of evidence: -.
 Level of agreement: 95% (agree, N = 19)/5% (neutral, 
N = 1)/0% (disagree).

Dental radiography

One of the most frequent reasons for using dental radiogra-
phy is to aid in caries detection. As dental caries involves 
demineralisation of enamel and dentine structure, some-
times leading to cavitation, the difference in X-ray attenua-
tion between sound and carious tissue may allow an image 
of the lesion to be produced. Superimposition of sound 
enamel and dentine, however, means that lesions may be 
partially or completely hidden on radiographs, depending 
on the surface affected and the direction of the X-ray beam.

Radiation protection aspects. Dental radiography has 
been estimated to account for 13% of all diagnostic radio-
graphical examinations worldwide and 32% of all plain 
radiographic procedures in Europe, with a conserva-
tive global estimation of at least 1.5 billion dental radio-
graphic examinations annually [36]. Following the aim of 
protecting patients from potential hazards, the two funda-
mental principles of radiation protection that are relevant 

requires documentation, and then it needs to be removed 
and the tooth surface dried and well illuminated prior to VE 
to distinguish caries from other tooth hard tissue diseases 
(differential diagnostics) and to document parameters rel-
evant to the subsequent activity assessment. Once a caries 
lesion is detected, severity staging should involve the use of 
detailed and validated indices. For this, the ICDAS is prob-
ably the most widely used contemporary method [12–18]. 
For dental practitioners, the following categories might be 
of most clinical relevance [24, 25]:

 ● Initial/ non-cavitated lesions. The discolouration of 
initial lesions can vary and ranges from white-opaque, 
white‒brown to brown enamel demineralisation, de-
pending on the age of the lesion and whether it is on 
occlusal or smooth surfaces. Early non-cavitated caries 
lesions can be detected better after drying of the tooth 
surface with pressured air for a few seconds (ICDAS 
score 1). Established lesions are recordable on wet sur-
faces (ICDAS score 2).

 ● Moderate/ non-cavitated lesions. A moderate lesion that 
shows either breakdown of the enamel surface (ICDAS 
score 3) or an underlying dentine shadow (ICDAS score 
4) is probably associated with demineralisation into 
outer dentine.

 ● Extensive/ cavitated lesions. Distinct and extensive cav-
ities (ICDAS score 5 and 6) show exposed dentine at its 
base and, if deeper, also along the lateral walls.

Quality of the literature. Several systematic reviews (SRs) 
have been published on the diagnostic accuracy of visual 
caries detection and diagnostic methods [18, 19, 26–29], 
and all of them included data for detecting primary caries 
mainly on occlusal and proximal surfaces in primary or per-
manent teeth. Only a minority of the included studies were 
conducted in a clinical setting [28, 30, 31], which may limit 
the generalizability of the documented findings. Further-
more, different sources of bias were detected and discussed 
[18, 29–32]. However, the most recently published SRs that 
were focused on the detection of enamel [29] and dentine 
lesions [30, 31] observed good or at least acceptable sen-
sitivity and specificity values for VE. Visual inspection for 
detecting more advanced proximal lesions presented a low 
sensitivity, which is probably caused by the intact marginal 
ridge. The evidence for the clinical use of auxiliary tools 
such as magnification loupes is weak thus far [33, 34]. How-
ever, their practical use to aid VE should be considered, but 
decision making should be made with caution due to their 
potential to recommend unnecessary treatment [33, 34].

A shortcoming of VE is the difficulty of objectively 
recording the observations. Digital intraoral photographs 
may help to overcome this problem, especially in the case 
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have unfavourable vertical beam angulations, particularly 
in the maxilla. Bitewing radiography can be challenging 
to perform in some patient groups, e.g., young children or 
patients with certain disabilities. Overlap of dental contact 
points is a common problem due to incorrect beam angula-
tion, impacting the diagnostic accuracy for proximal caries.

Panoramic radiography also provides lateral-type images 
of the teeth, but does so in a different way to intraoral radi-
ography, by means of a modified form of tomography. This 
can result in distortion of tooth shape and size according 
to position relative to the focal plane of the equipment and 
overlapping contact points, reducing the potential for proxi-
mal caries detection. It also provides lower image resolution 
than intraoral radiography. In recent years, several manufac-
turers have developed software applications to optimise the 
beam angulation so that overlap between proximal surfaces 
is reduced. This is sometimes associated with limitation of 
the field size to the posterior teeth to lower radiation dose. 
The terms “panoramic bitewing”, “extraoral bitewing” and 
others have been applied, but the term “panoramic extraoral 
bitewing” will be used in this document.

A few studies of diagnostic accuracy for proximal car-
ies exist using panoramic extraoral bitewings, all but one 
of which have found no significant difference in ROC curve 
analysis between extraoral bitewing and conventional bite-
wing radiography [38–42], although one study reported a 
statistically significantly lower specificity and another lower 
ROC curve area for some observers using panoramic extra-
oral bitewings [38, 39]. While there is evidence that there 
is less proximal overlap of teeth compared with conven-
tional panoramic radiographs, it is not eliminated [40]. It is 
important to emphasise that there are design differences in 
panoramic equipment from different manufacturers, which 
means that results from research studies might not apply 
generally.

Cone beam computed tomography (CBCT) is a cross-
sectional X-ray imaging technique that has become more 
widely used in dentistry. Cross-sectional images can show 
caries lesions without superimposition of sound tooth tis-
sues, but spatial resolution is inferior to both intraoral and 
panoramic radiography, and radiation doses are typically 
at least an order of magnitude greater. In clinical practice, 
artefacts from metallic or other high attenuation materials 
in the plane of the scan field of view can obliterate parts 
of the image or introduce dark areas that could mimic car-
ies. Patient movement is more common with CBCT, reduc-
ing image quality. Different commercially available CBCT 
equipment varies in image quality, so what is true for one 
CBCT machine might not apply to others.

Recently, devices for computer-aided diagnosis or image 
methods of artificial intelligence (AI) have been introduced 
to the market for several medical indications, including 

to patients – justification and optimisation – must be con-
sidered. Justification is the process of determining whether 
the use of the given radiographical procedure is expected to 
yield benefits to the individual who undergoes the proce-
dure and to society that outweigh the harm (including radia-
tion detriment) resulting from the procedure. The decision 
to use diagnostic radiographs must be justified individually 
for each patient based on consideration of the risk and the 
likely benefits. Children have the highest level of risk from 
X-ray exposure, approximately two to three times that of a 
30-year-old patient, with risk becoming steadily less with 
advancing age. It is an absolute requirement of the justifica-
tion process that the clinician should have taken a clinical 
history and performed an examination before selecting and 
performing radiographic imaging. As the radiation doses are 
generally low for dental radiography, the justification pro-
cess pays particular attention to the anticipated benefits of 
the radiographic examination. In the context of the current 
document, a benefit can only arise if the clinician’s diag-
nostic accuracy is better when using the radiograph than it 
is without it.

Referral (or selection) criteria, produced by professional 
bodies, can assist the clinician in choosing the right kind of 
radiographic examination and the right time to perform it. 
Once justified, every effort must be taken to keep radiation 
doses as low as diagnostically acceptable (optimisation). 
This requires attention to the specific clinical indications 
and patient characteristics. Methods of dose optimisation 
have been described fully [36, 37] but include good patient 
co-operation, excellent operator techniques including appro-
priate choice of equipment and materials, correct setting of 
exposure parameters, limiting the field size to the minimum 
needed, ideal display and viewing of images, and a pro-
gramme of quality assurance. Because ionising radiation 
is potentially hazardous to patients and clinical staff, there 
are legal constraints and requirements in performing radio-
graphic examinations in dentistry, devised and enforced 
by the relevant government and/or health authority. These 
radiation protection requirements must be adhered to by cli-
nicians [36].

Imaging methods. Caries lesions can be imaged using dif-
ferent dental radiographic methods, which have advantages 
and limitations (Table 2). In this context, intraoral bitewing, 
periapical, conventional panoramic radiographs and pan-
oramic extraoral bitewings must be considered. Bitewing 
and periapical radiographs are the most widely used imag-
ing techniques in dentistry. Both provide lateral projections 
of the teeth. Bitewing examinations are the standard radio-
graphic method for caries detection in posterior teeth and 
should provide optimal geometric relationships between the 
ionising radiation beam, the teeth and the image receptor. 
Periapical radiographs are also sometimes used but may 

1 3

Page 5 of 14   227 



Clinical Oral Investigations

Radiographic 
technique

Advantages Disadvantages Caries Diagnosis Applicability

Bitewing 
radiography

Correct geometry 
allows for:
• Optimal geometry 
for proximal tooth 
surface assessment
• Optimal geometry 
for alveolar bone 
level assessment
• Maxillary and man-
dibular teeth captured 
in one image
• High image resolu-
tion (high image 
detail)
• Relatively low 
radiation dose (1–5 
µSievert)
• Low economic 
costs

• Not always comfortable for 
every patient
• Not easy to position a holder if 
opposing teeth are missing (geom-
etry may be compromised)
• In case of dental crowding inter-
proximal dental surfaces cannot 
always be visualised (overlapping 
projections)
• More than one image sometimes 
needed per side in a fully dentate 
patient.
• Only two-dimensional

Occlusal caries
 • No diagnostic value for enamel-only lesions
 • Moderate sensitivity and high specificity for dentine lesions
 • Has value for dentine lesions which, on visual examination, 
show initial enamel demineralisation.
Proximal caries
 • Low to moderate sensitivity and high specificity for early 
lesions
 • low risk of false positive diagnoses
 • Higher sensitivity for deeper lesions
Root surface caries
 • Low level of evidence available for diagnostic accuracy
 • Risk of misinterpreting “cervical burn-out” for caries and vice 
versa
Recurrent caries
 • Moderate sensitivity with relatively high specificity, with 
greater value for proximal surfaces.
 • Risk of interpreting residual caries, deliberately left in deep 
cavities, as recurrent caries.
 • Risk of interpreting restoration deficiencies as recurrent caries.

Periapical 
radiography

Correct geometry 
allows for:
• convenient 
interproximal tooth 
surface assessment
• alveolar bone level 
assessment
• relatively low 
radiation dose (1–5 µ 
Sievert)
• Low economic 
costs

• Not always comfortable for 
every patient
• might not have ideal vertical 
X-ray beam angulation for caries 
detection
• Not easy to position a holder if 
opposing teeth are missing (geom-
etry may be compromised)
• In case of dental crowding, inter-
proximal dental surfaces cannot 
always be visualised (overlapping 
contact points)
• Multiple radiographs needed to 
image all the teeth in most patients
• Only two-dimensional

Limited evidence on periapical radiography, as research is over-
whelmingly on bitewings, but diagnostic accuracy is likely to be 
similar assuming paralleling technique is used.
Any vertical angulation on the radiograph, relative to a bitewing, 
is likely to reduce diagnostic accuracy.
Occlusal caries
 • As for bitewing radiography if image geometry is ideal
Proximal caries
 • As for bitewing radiography if image geometry is ideal
Root surface caries
 • As for bitewing radiography if image geometry is ideal
Recurrent caries
 • As for bitewing radiography if image geometry is ideal
 • Vertical X-ray beam angulations might conceal lesions below 
restorations.

Panoramic 
radiography

• If patient is posi-
tioned according 
to manufacturer’s 
guidelines, a diagnos-
tic overview of both 
maxilla and mandible 
is produced with 
minimal interproxi-
mal overlap between 
teeth
• relatively low radia-
tion dose (on average 
24 µSievert)
• Moderate economic 
costs

• If patient is not positioned 
according to manufacturer’s guide-
lines, an inferior quality overview 
of both maxilla and mandible is 
produced with often enormous 
interproximal overlap of teeth
• Secondary “ghost” images may 
compromise interpretation
• Lower image resolution than 
intraoral radiography
• Good patient cooperation needed 
in view of extended exposure time
• Lower image resolution than 
intraoral radiography
• Only two-dimensional

No systematic review evidence. Most diagnostic accuracy 
research is old and lacks relevance to modern panoramic X-ray 
systems
Occlusal caries
 • Has some diagnostic value for dentinal lesions
Proximal caries
 • Lower sensitivity likely due to overlap of contact points and/
or overlying soft tissue and air
 • Lower specificity possible due to overlying radiolucency from 
air in the oral cavity
Root surface caries
 • As for proximal caries, although overlap of roots of adjacent 
teeth less likely.
Recurrent caries
 • Likely to be similar to bitewing radiography, although diag-
nostic accuracy might be reduced by lower image resolution

Table 2 Overview of key findings for different radiographic techniques, including advantages, disadvantages and their usefulness in caries detec-
tion and diagnosis for the different sites at which caries might occur. Caries on the buccal and lingual surfaces of teeth are completely accessible to 
visual examination, so radiography would normally have no role to play. The table is based on both scientific evidence and expert opinion
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lingual/palatal surface dental decay, but it can be assumed 
that VE should suffice to diagnose caries on these surfaces. 
A recent series of SRs addressing the uses of intraoral radi-
ography [47], panoramic radiography [48], CBCT [49] 
and radiation doses in dental radiography [37] within the 
paediatric age group, along with a linked overview paper 
[50], were also considered. No SR exists of studies spe-
cifically assessing diagnostic accuracy using conventional 
panoramic radiography or panoramic extraoral bitewing 
radiography for dental caries. One SR focused on early den-
tal caries, including studies using CBCT [51], was avail-
able. A further contemporary narrative review paper on the 
radiological diagnosis of caries was also used [52]. From 
the SRs we analysed, it was apparent that there is often a 
high risk of bias in studies, which jeopardises a correct and 
relevant interpretation of the data on the use of radiographs 
in the diagnosis of caries. Laboratory (in vitro) primary 
studies were more frequent than clinical (in vivo) primary 
studies of diagnostic accuracy [30, 31]. Both designs have 

those in dentistry [42, 43]. They are based on the automated 
processing of image datasets using special AI-powered 
algorithms. These systems must be properly trained with an 
adequate number of suitable images/diagnostic datasets. To 
date, experience in the field of caries detection and diagno-
sis is limited, and quality standards are warranted [44–46]. 
At the current time, it is too soon to provide evidence-based 
guidance on using AI methods to assist in caries detection, 
except to emphasise that their role is likely to remain as 
a help to clinicians, who remain responsible for the final 
diagnosis.

Quality of the literature. All recently published SRs were 
concerned with diagnostic accuracy using intraoral radiog-
raphy for caries. The focus of these SRs varied according 
to the eligibility criteria used, including factors such as the 
type of caries (tooth site, lesion depth), the dentition and 
the types of primary study included (laboratory and/or clini-
cal). Most addressed proximal or occlusal caries. None of 
the SRs that were analysed considered buccal surface or 

Radiographic 
technique

Advantages Disadvantages Caries Diagnosis Applicability

Modified 
panoramic 
radiography 
– “extraoral 
bitewing”

• If patient is posi-
tioned according 
to manufacturer’s 
guidelines a periapi-
cal view of both max-
illary and mandibular 
posterior teeth is pro-
duced with minimal 
interproximal overlap 
between teeth
• Useful for patients 
who cannot tolerate 
intraoral radiography
• relatively low radia-
tion dose (approxi-
mately 15 µSievert)
• Moderate economic 
costs

• If patient is not positioned 
according to manufacturer’s 
guidelines, an inferior quality 
overview of both maxilla and 
mandible is produced with often 
enormous interproximal overlap 
between teeth
• Ghost images may compromise 
interpretation
• Lower image resolution than 
intraoral radiography
• Good patient cooperation needed 
in view of extended exposure time
• Lower image resolution than 
intraoral radiography
• Only two-dimensional

No systematic review evidence. Very limited primary research 
studies.
Occlusal caries
 • As for conventional panoramic radiography. Deep lesions can 
be well demonstrated.
Proximal caries
 • Assuming fewer overlapping contact points, sensitivity is 
similar to that with conventional bitewing radiography
Root surface caries
 • As for conventional panoramic radiography
Recurrent caries
 • As for conventional panoramic radiography

Cone beam 
computed 
tomography 
(CBCT)

• “Three dimen-
sional” imaging of 
teeth is provided 
by multiplanar 
reformatting
• Might assist in 
assessment of cavita-
tion of proximal 
caries

• Streaking and beam hardening 
artefacts may compromise inter-
pretation, leading to false positive 
diagnoses
• Lower image resolution than 
intraoral or panoramic radiography
• Motion artefacts common due 
to long scanning times radiation 
dose relatively high, varying with 
field of view, resolution and mA 
settings (10-1100 µSievert)
• High economic costs

Current evidence and guidelines suggest CBCT should not 
normally be used specifically for caries diagnosis, but that scans 
taken for other reasons should be examined for dental caries.
For all caries types, detection can be substantially reduced if arte-
fact from metal (e.g. crowns, implants) is present
Occlusal caries
 • Higher sensitivity than radiography in the absence of restora-
tions but lower specificity
Proximal caries
 • Higher sensitivity and similar specificity to radiography in the 
absence of restorations
 • Might be able to detect cavitation
Root surface caries
 • No systematic review evidence for diagnostic accuracy
 • Most likely, better diagnostic accuracy than for radiography
Recurrent caries
 • No systematic review evidence for diagnostic accuracy.
 • Likely reduction of sensitivity and specificity

Table 2 (continued) 
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 ● For occlusal caries, the sensitivity was also higher than 
that for intraoral radiography (0.76), but the specificity 
was lower (0.54), which would mean an unacceptable 
false positive rate.

 ● There is some evidence that cavitation of proximal car-
ies lesions can be detected effectively using CBCT [49].

Consensus recommendations for dental radiography. Every 
radiographic examination should be clinically justified on a 
patient-individual basis, in accordance with basic principles 
in radiation protection and local legal requirements (prin-
ciple of justification). Optimal diagnostic accuracy requires 
correct exposure parameters, good patient cooperation, 
excellent operator techniques and ideal viewing conditions 
for interpretation (principle of optimisation). The following 
recommendations were agreed upon:

4. Intraoral – preferably bitewing – radiography is recom-
mended as an additional method to VE for caries lesion 
detection and staging.

 Intraoral – preferably bitewing radiography is recom-
mended as an additional method to VE for caries lesion 
detection and staging.
 Level of evidence: Moderate.
 Level of agreement: 100% (agree, N = 20)/0% (neu-
tral)/0% (disagree).

5. Extraoral bitewing radiography by panoramic equip-
ment can be considered only if conventional bitewing 
radiographs are not feasible to perform.

 Level of evidence: Low.
 Level of agreement: 80% (agree, N = 16)/20% (neutral, 
N = 4)/0% (disagree).

6. Other radiographical images, e.g., conventional pan-
oramic radiography or CBCT, should not be taken for 
the sole purpose of caries lesion detection and staging, 
but those taken for other purposes should be inspected 
for incidental findings of caries.

 Level of evidence: -.
 Level of agreement: 90% (agree, N = 18)/10% (neutral, 
N = 2)/0% (disagree).

Non-radiographical caries diagnostic methods

While dental radiography – especially bitewing radiographs 
– provides valid, reproducible and clinically relevant infor-
mation, it must be stated again that an unrestricted use of 
ionising radiation is unacceptable due to its undesired 

strengths and limitations, but in vitro research has advan-
tages in the consistency of methods and the possibility of a 
reference standard that is reproducible, that represents the 
ground truth and is fully independent of the radiographical 
technique being investigated. However, laboratory studies 
would have limited external validity since the images are 
produced with higher quality and less interference from 
overlapping anatomical structures. The quality of the SRs 
themselves was not assessed objectively by us, and there 
was no “umbrella” review (meta-review) of SRs to assess 
their risk of bias. From the SR evidence, some general find-
ings were identified in relation to using intraoral (bitewing) 
radiography for caries detection and diagnosis:

 ● Intraoral radiography is a useful diagnostic test, more 
so for proximal caries than for occlusal caries and with 
greater value for dentine and cavitated lesions [53].

 ● Intraoral radiography typically gives low to moderate 
sensitivity (approximately ∼ 0.40–0.60) but high speci-
ficity (∼ 0.80–0.90); sensitivity was mostly higher for 
proximal caries and more progressed/ dentin caries 
lesions in comparison to occlusal surfaces and early 
caries stages [30, 31, 51, 53, 54]. Therefore, for detec-
tion of early lesions intraoral (bitewing) radiography 
and visual examination should be used together. Here, 
VE can access easily occlusal surfaces, but has limita-
tions on proximal sites which indicate the use intraoral 
radiography.

 ● Sensitivity tends to be lower for early caries and higher 
for more advanced caries.

 ● Broadly similar findings apply to primary and perma-
nent dentition and to analogue and digital forms of ra-
diography [30].

For panoramic radiography, in the absence of SR evidence, 
two general points are made based on the experience of the 
authors and their knowledge of primary research studies:

 ● There is some evidence that panoramic extraoral bite-
wings can provide similar levels of diagnostic accuracy 
as intraoral (bitewing) radiography, so long as images 
are technically excellent.

 ● Unavoidable overlap of proximal surfaces, intrinsic to 
panoramic radiography, remains a common problem 
that can reduce diagnostic accuracy for caries.

For CBCT, the limited SR evidence yielded three general 
findings:

 ● Summary values for sensitivity and specificity for proxi-
mal caries were 0.68 and 0.90, respectively [51].
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requirements but has not been fully reached by any of the 
available adjunct diagnostic methods thus far. This aspect – 
and the acquisition costs – must be understood as the main 
reasons for its limited attention and use in dental practices. 
However, with respect to the need for ionising radiation, 
the clinical use of bitewing radiographs can potentially be 
lowered nowadays and should ideally be phased out in the 
future, if and when equivalent adjunct technologies become 
available. This should motivate researchers and manufac-
turers to improve existing devices or to develop new ionis-
ing radiation-free technologies for caries detection (Fig. 2).

Quality of the literature. When summarising the existing 
evidence for those adjunct methods that have reached some 
attention in dental practices, the available SRs and meta-
analyses should be preferably considered in this context 
[30, 31, 54–60]. The indication for using adjunct diagnostic 
methods has to be seen, especially in patients with increased 
caries activity and risk, as well as to investigate non-
accessible proximal surfaces or to perform an assessment 
including staging, classification and monitoring on early, 
non-cavitated caries lesions [61]. The detection of caries-
related cavities is of little significance, as such defects can 
be detected by VE.

Laser-induced fluorescence-based measurements with 
DIAGNOdent 2095 and 2190 gained popularity for the 
evaluation of occlusal and proximal surfaces in posterior 
teeth just after the turn of the millennium. Both devices 
have been scientifically validated in many clinical studies, 
and from today´s perspective, they are the most extensively 
proven adjunct diagnostic method for caries detection. The 
diagnostic performance in terms of accuracy was mostly 
assessed as good to acceptable on proximal surfaces and 
occlusal surfaces [30, 31, 54, 62]. Gimenez et al. [60] 
observed better accuracy in detecting more advanced car-
ies lesions. Importantly, accuracy depends on the clinical 
covariables, e.g., tooth cleaning and drying, presence of 
staining, etc., which may result clinically in higher fluores-
cence values and an increased likelihood of false-positive 
diagnoses [54]. Therefore, higher readings need to be inter-
preted with caution, and additional imaging methods might 
be indicated to verify unclear findings at specific thresholds 
to avoid false-positive diagnoses [63].

Approximately a decade after the introduction of fluores-
cence-based measurements, two caries imaging technologies 
were successfully released on the dental market and gained 
interest from practitioners: photo-optical, fluorescence-
based intraoral cameras (VistaProof/VistaCam) and near-
infrared-based transillumination devices (DIAGNOcam/
CariVu and VistaCam). Both manufacturers merged their 
fluorescence- and near-infrared-based technologies later 
separately into 3-in-1 intraoral camera systems to increase 
the diagnostic value for the dentist. When considering the 

biological effects. This justifies the general need for adjunct, 
ionising radiation-free caries detection and diagnostic meth-
ods. The available – mostly optical – methods can be sys-
tematised by the excitation wavelength:

 ● Red fluorescence: DIAGNOdent 2095 and 2190 (KaVo, 
Biberach, Germany; excitation wavelength of 655 nm; 
DIAGNOdent 2095 is out of production), Midwest Car-
ies ID (Dentsply, York, Pennsylvania; excitation wave-
length of ∼ 650 nm, out of production) and the Canary 
System (Quantum Dental Technologies Inc., Toronto, 
Ontario, Canada).

 ● Green & blue fluorescence: VistaCam iX intraoral cam-
era (Dürr Dental SE, Bietigheim-Bissingen, Germany, 
excitation wavelength of ∼ 405 nm), VistaProof intra-
oral camera (Dürr Dental SE, Bietigheim-Bissingen, 
Germany, excitation wavelength of ∼ 405 nm, out of 
production), CamX Spectra Caries Detection Aid (Air 
Techniques, Melville, NY, USA), Soprolife camera (Ac-
teon, La Ciotat, France; blue excitation wavelength of 
∼ 420 nm) and quantitative light-induced fluorescence 
cameras (QLFD, QRAYcam Pro, QRAYpen and QRAY-
scan, Inspektor Research Systems BV, Amsterdam, 
The Netherlands; violet‒blue excitation wavelength of 
∼ 405 nm and detects green (∼ 520 nm) and red fluores-
cence (600–670 nm)).

 ● (Near)Infrared light: DIAGNOcam/CariVu intraoral 
camera (KaVo, Biberach, Germany; transilluminating 
wavelength of 780 nm), VistaCam intraoral camera 
(Dürr Dental SE, Bietigheim-Bissingen, Germany, exci-
tation wavelength = 850 nm) and iTero Element 5 intra-
oral scanner (Align Technology Switzerland, Rotkreuz, 
Switzerland, excitation wavelength = 850 nm).

 ● Others: electrical resistance measurements (e.g., ECM, 
Lode Diagnostics, Groningen, The Netherlands, out of 
production) and AC impedance spectroscopy technique 
(ACIST, CarieScan Pro, CarieScan, Charlotte, NC, 
USA).

As mentioned before, several devices with different, mostly 
light-based, technologies have been introduced or will 
appear periodically to the dental market. Some of them are 
now out of production and, therefore, not available any-
more. From the dental practitioner´s point of view, adjunct 
diagnostic methods should be usable on all tooth surfaces in 
both dentitions, have a good diagnostic performance in terms 
of accuracy and reproducibility, especially on proximal and 
occlusal surfaces, be easy to use and offer an imaging fea-
ture that objectively captures changes over time in relation 
to relevant anatomical structures, e.g., dental pulp, instead 
of simple categorial or numeric measures. It is important 
to recognise that bitewing radiography fulfils most of these 
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terms of applicability, future studies should be conducted 
in a clinical setting that is representative of the complexi-
ties encountered in primary and secondary caries assess-
ment [65]. Longitudinal clinical studies monitoring caries 
lesions with different methods over time and measuring 
variables closely linked with caries progression or stagna-
tion should be further conducted to evaluate the benefits and 
harms of diagnostic strategies for patients and health care 
systems [29]. Furthermore, the existing methodological het-
erogeneity [32] has to be mentioned as another aspect that 
potentially limits unbiased comparisons between studies. 
Therefore, future investigations should minimise potential 
sources of bias, e.g., selection/spectrum, verification, vali-
dation or reproducibility bias, as best as possible, aiming 
at enabling clear and comprehensive study reporting [29, 
31]. Another issue which needs to be addressed in future 
diagnostic studies are changing threshold values which are 
linked with new or modified caries management strategies. 
This indicates the need to proof new treatment concepts also 
from the diagnostic point of view aiming at avoiding false 
negatives and false positive determinations.

A further knowledge gap related to the recently intro-
duced AI-based methods for automated analysis of dental 
radiographs or intraoral photographs has been identified 
[45, 46, 52, 66, 67], for which no applied studies are avail-
able thus far. Research on AI is also rapidly developing in 
dentistry [68], with dental caries detection being one main 
area of interest [43]. Challenges may exist in developing 
AI methods, including building large datasets, developing 
generalizable models and validating such methods against 
representative benchmarked datasets by using useful met-
rics and outcomes. Currently, it is too soon to provide evi-
dence-based guidance on using AI-based methods to assist 
in caries detection. Furthermore, it seems likely that 3D 
scanners will be equipped with caries detection features, 
which results in the foreseeable future that such devices will 
become multiusable.

Conclusions

The expert panel merged existing evidence from the scien-
tific literature with practical considerations and provided 
recommendations for their use in daily dental clinical prac-
tice. Here, visual examination with structured classification 
systems is recommended as the method of first choice for 
the detection and assessment of caries lesions on accessible 
surfaces. Intraoral – preferably bitewing – radiography is 
recommended as an additional method for caries detection. 
Adjunct, non-ionizing radiation and methods for caries 
lesion detection and/or assessment might also be useful in 
indicated clinical situations.

SR by Ortiz et al. [58], the authors reported good overall 
accuracy for the detection of interproximal primary caries 
with near-infrared light transillumination and argued that 
the method could be routinely used for dental check-ups, 
especially in high-risk caries populations and in patients 
where the use of radiation should be reduced, such as for 
pregnant women or children [58]. Interestingly, Macey et 
al. [56] came to the opposite conclusion and referred to the 
limited ability of near-infrared transillumination to detect 
enamel caries.

Consensus recommendations for adjunct diagnostic 
methods. With respect to the number of available devices, 
the need to evaluate each method in the primary and per-
manent dentition on different tooth surfaces/sites, e.g., 
occlusal, proximal, smooth or root surfaces, with diverg-
ing caries detection thresholds, e.g., caries detection, den-
tine caries detection or cavitation detection [32], it needs 
to be highlighted that the available clinical studies provide 
only incomplete data in comparison to the overall informa-
tion needed [55–57]. In addition, there was a consistently 
reported lack of clinical studies, heterogeneity between tri-
als and relevant risk of bias in several study reports, which 
potentially limits the generalizability of published data [32, 
64]. Taking these limitations into account, the following 
evidence-based recommendations can be provided:

7. Adjunct, non-ionising radiation and methods for car-
ies lesion detection and/or staging - especially on non-
accessible surfaces - may be preferred if radiography is 
not feasible or considered due to the individual clinical 
situation.

 Level of evidence: Moderate.
 Level of agreement: 85% (agree, N = 17)/15% (neutral, 
N = 3)/0% (disagree).

8. Photography or intraoral scans may be used to record 
and compare the caries status over time.

 Level of evidence: -.
 Level of agreement: 85% (agree, N = 17)/15% (neutral, 
N = 3)/0% (disagree).

Knowledge gaps

A major limitation identified was the lack of clinical studies 
on caries detection methods [18, 27, 28, 30, 31, 60] in com-
parison to the frequent availability of laboratory trials. This 
resulted in the fact that the quality of evidence was found 
to be moderate or low for most of the given recommenda-
tions. The importance of the clinical setting also needs to 
be highlighted from the dental practitioner´s perspective. In 
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