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has led to a different view on lesion manage-
ment.3 The twenty-first century is marked 
by a radical change in philosophy towards 
prevention of caries and less destructive, 
minimally invasive management of the cari-
ous lesions, and its sequels. Encouraged by 
this growing scientific insight about the pro-
cess of disease, contemporary approaches, 
gathered together under the term ‘minimum 
intervention dentistry’, take as a motto, 
‘prevention of extension.4 This includes 
strategies that halt the disease process and 
preserve as much natural tooth structure 
as possible. Concurrent rapid development 
of adhesive materials and techniques has 
also contributed to advances in this area, 
while emerging bioactive materials may 
facilitate tissue repair and re-strengthening 
of partially disintegrated affected areas in 
the future. In addition, such strategies keep 
options open for individualised manage-
ment – an important asset in view of the 
rapid advance of personalised medicine.

Management strategies for both non-
cavitated and cavitated lesions, therefore, 
increasingly focus on less invasive options 
available, which are biologically rather than 
technically driven and increasingly supported 
by evidence. Key to this process is the pro-
fessional judgement of the clinician, guided 
by scientific evidence. Management of non-
cavitated surfaces by non- or micro-invasive 

INTRODUCTION

Different and deeper understanding of the 
ubiquitous caries disease has revolutionised 
its traditional management in operative den-
tistry.1 Rapid scientific progress in cariol-
ogy, biomaterials science and tissue response 
have increased our knowledge about the 
disease process. Novel management strate-
gies have been developed, and have led to 
a greater variety of treatment options and 
new guidelines for provision of optimal oral 
health care for groups and individuals.2

Black’s principle of ‘extension for preven-
tion’ has long guided conventional operative 
treatment of carious lesions, however, the 
scientific advances of the last few decades 
has expanded our understanding of the aeti-
ology, onset and progression of caries, and 

Underpinned by a changing knowledge of the aetiology of caries and its sequelae, and assisted by established and advanc-
ing dental materials, there is growing evidence supporting less invasive management of dental caries based on the princi-
ples of minimal intervention dentistry. This narrative review assesses both the evidence and the adoption of less invasive 
caries management strategies and describes ways in which the gap between evidence and practice might be overcome. 
While there is increasing data supporting less invasive management of carious lesions, these are not standard in most den-
tal practices worldwide. Usually, clinical studies focused on efficacy as outcome, and did not take into consideration the 
views and priorities of other stakeholders, such as primary care dentists, educators, patients and those financing services. 
Involving these stakeholders into study design and demonstrating the broader advantages of new management strategies 
might improve translation of research into practice. In theory, clinical dentists can rely on a growing evidence in cariol-
ogy regarding less invasive management options. In practice, further factors seem to impede adoption of these strategies. 
Future research should address these factors by involving major stakeholders and investigating their prioritised outcomes 
to narrow or close the evidence gap.

means like fluoride varnishes or sealing is 
supported by sound evidence, while the 
impact on daily patient care through modi-
fied practice protocols and management is 
falling behind.5–8 This raises ethical ques-
tions about clinical decision-making within 
our profession. Similarly, the conventional 
treatment of deep carious lesions is increas-
ingly challenged, with a growing body of 
increasingly strong evidence supporting 
less invasive removal strategies for such 
deep lesions.9 Yet, practical application of 
this evidence by our profession is lagging. 
Despite expanding evidence and educational 
efforts, the transfer of knowledge and adop-
tion of less invasive approaches into daily 
practice seems to be slow.

Implementing different strategies for man-
aging caries could lead to reduction of its 
biological and economic burden to society. 
Change, however, is difficult. Convincing 
traditionally-trained professionals to change 
their attitude, and channelling this into 
effective change in patient management 
on a daily basis, is even more difficult. 
Where does this leave our oral healthcare 
profession, so proud of becoming more and 
more evidence-based or, at least, evidence-
informed? The jump needed to initiate actual 
scientific-evidenced change into clinical 
practice seems a route marred with invis-
ible hurdles.
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• Highlights that a greater understanding of 
the carious process has led to a philosophy 
of less destructive caries management.

• Discusses how contemporary management 
strategies for carious lesions focus on 
preventing lesion development.

• Suggests that greater focus on behavioural, 
educational and societal changes of all 
stakeholders in oral healthcare is needed to 
advance clinical evidence into practice.
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The present article narratively reviews 
recent evidence in support of the described 
less-invasive approaches toward carious 
lesions. In addition, it raises awareness of 
the incongruences between what is being 
taught, based on the constantly increas-
ing strength of evidence, and what is done 
in daily practice. This calls for exploration 
of potential translational, professional and 
societal hurdles that impede wider adoption 
of less invasive strategies to manage carious 
lesions. While striving to make oral health 
care economically sustainable, dealing with 
these issues may accelerate and impact 
improvement for generations to come.

THE EVIDENCE: WHAT IS KNOWN?
There is growing evidence supporting alter-
natives to the conventionally established 
management for non-cavitated or cavi-
tated, deep carious lesions: micro-invasive 
strategies, that is, sealing or infiltration 
of non-cavitated lesions has been investi-
gated in numerous randomised controlled 
trials, which found these therapies effica-
cious to manage both occlusal and proximal 
lesions. Sealing occlusal surfaces can pre-
vent lesion progression.5,10–15 For proximal 
surfaces, a recent meta-analysis found caries 
infiltration highly efficacious for arresting 
non-cavitated lesions compared with the 
non-invasive standard (fluoride varnish 
application, flossing advice) or placebo (OR 
[95% CI] = 0.22 [0.09–0.57]; events in infil-
tration group: 20/93, placebo group: 48/93), 
with very limited heterogeneity (p = 0.24) 
and inconsistency (I2 = 29%) between stud-
ies.6 Given that most studies in this field 
(and many other areas of dentistry) have 
high risk of bias and potentially suffer from 
bias introduced by industry sponsorship, 
caution is necessary when interpreting the 
strength of this evidence.16,17 It can also be 
argued that many of the studies are carried 
out in secondary care, and data for effec-
tiveness rather than efficacy remain sparse. 
Nevertheless, the existing studies demon-
strate that alternative options for treating 
non-cavitated lesions are available and that 
these options seem to have the potential of 
managing carious lesions without inducing 
the cycle of re-interventions, the sequelae 
of which will be discussed below in more 
detail.18 It should be mentioned that the 
most relevant comparison – between the 
(invasive) standard of care and the (non- 
or micro-invasive) alternative interven-
tions – was not evaluated at all for proximal 
lesions, and only a few studies compared 
minimally invasive restorations with seal-
ing or non-invasive means for managing 
occlusal lesions.12,19,20 These studies showed 
that sealing does arrest most lesions, and 

even intermittent presence of a sealant dra-
matically slowed down or halted the disease 
process. Although sealants require re-treat-
ments more often due to partial or total loss 
(that is, repair or re-seal), caries experience 
is low under partially retained or missing 
sealants regardless of sealant retention.21,22 
Partially or formerly sealed teeth are not at 
a higher risk of developing caries than teeth 
that were never sealed.23 Again, these find-
ings should be evaluated in context of the 
lifecycle of a tooth.

While the evidence is growing for the non-
invasive and micro-invasive management of 
non-cavitated lesions, the evidence for when 
to ‘treat’ a lesion operatively, remove carious 
tissues and place a restoration (that is, the 
restorative threshold) is much less clear. This 
lack of evidence may explain the great vari-
ation in restorative treatment plans between 
dentists, which in turn could have significant 
financial impact.7,24,25 Contemporary restora-
tive thresholds for proximal and occlusal 
lesions are likely to differ because of their 
unique anatomical differences. Non-cavitated 
proximal lesions should be treated that is, non- 
or micro-invasively, as the caries process is 
mainly confined to the biofilm on the surface 
of the tooth, where lesion activity can be influ-
enced positively by disrupting the biofilm in 
the presence of fluoride through oral hygiene 
procedures. While bacteria have been reported 
in the enamel of non-cavitated smooth surface 
lesions, their numbers are low and unlikely 
to sustain lesion progression alone, and their 
presence does not appear to affect the ability 
to arrest the lesion.26

Once cavitation has occurred on the proxi-
mal surface, significant bacterial invasion 
of tooth tissues occurs and operative inter-
vention is indicated. However, establishing 
whether such a lesion is cavitated or not, is 
difficult from a clinical examination, as the 
marginal ridge remains intact until a late 
stage in the disease process, and the adjacent 
tooth makes direct visualisation difficult. As 
such, the radiographic appearance is heavily 
relied upon in deciding a restorative thresh-
old for proximal carious lesions despite the 
fact that it is not a reliable predictor of cavi-
tation: numerous studies have shown that 
only approximately 25% of lesions radio-
graphically confined to enamel and up to the 
enamel dentine junction are cavitated.1 Such 
lesions should be radiographically monitored 
over time to assess if there is lesion progres-
sion; alternatively, orthodontic tooth sepa-
ration might be performed to allow visual 
inspection of the proximal surface.

Due to the anatomy of pits and fissures, 
and the fact that the initial carious lesions 
occur bilaterally on the walls spreading into 
dentine on a wide advancing front, occlusal 

lesions are extensive (into the pulpal third 
of dentine) before frank cavitation occurs.27 
Unlike for proximal surfaces, heavy bacterial 
infection of the tooth tissues occurs before 
cavitation, and interventions are required 
before the lesion is cavitated. In two clini-
cal studies it has been shown that detec-
tion of an obvious occlusal radiolucency on 
bitewing radiograph is the best predictor of 
heavily infected dentine; such lesions histo-
logically would extend into the middle third 
of dentine or deeper.28–30

Historically, during cavity preparation com-
plete caries removal was advocated. However, 
Fusayama and Terachima described two lay-
ers of carious dentine, the outer or infected 
zone and the inner, caries affected zone at 
the advancing front of the lesion.31 These 
two zones could be differentiated by various 
dyes and contemporary caries removal would 
only aim to remove carious dentine from the 
outer zone. In deeper lesions there is a bal-
ance between the rate of caries progression 
and the ability of the pulp dentine complex 
reactions to protect itself.32 More aggressive, 
‘complete’ carious tissue removal in such 
cases where adequate pulp dentine complex 
reactions have not occurred runs the risk of 
pulpal exposure.33,34 Teeth with exposed pulps 
are then usually treated with a direct pulp cap 
using calcium hydroxide.34 While the success 
rate of this form of treatment is good after 
three years for traumatically exposed teeth 
(92%) the outcome after a carious exposure 
is poor (33%), with success rates at 10 year 
only reaching 13%.36,37 Avoidance of a carious 
exposure in an asymptomatic vital tooth is, 
therefore, of paramount importance. A recent 
systematic Cochrane review reported about the 
different approaches toward deep caries man-
agement strategies: ultra-conservative caries 
removal or no dentine removal (namely fis-
sure sealants and the Hall Technique), carious 
tissue removal in stages (stepwise excavation), 
and selective (partial) carious tissue removal 
(definitive restoration placement with no re-
entry). It included randomised controlled trials 
with complete caries removal as the control.9 
The most dramatic results from this system-
atic review pertained to the outcome of pulpal 
exposure. Considering first the stepwise exca-
vation studies, it appears that carious tissue 
removal using this technique led to an overall 
56% reduction in risk of pulpal exposure com-
pared to complete removal (69% reduction in 
risk for primary teeth and 49% in permanent 
teeth). When selective carious tissue removal 
was performed (that is, a different excavation 
criterion used in the periphery than in pulpal 
areas), and the teeth were restored definitively 
afterwards, there was a 77% reduction in risk 
of pulpal exposure compared to ‘complete’ 
(non-selective) carious tissue removal (pooled 
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data for primary and permanent teeth). None 
of the included studies reported problems in 
relation to pulpal pathology or restoration 
retention when more conservative methods of 
excavation were adopted. Indeed in primary 
teeth, one study showed a significant reduction 
in risk of restoration failure in the Hall crown 
group compared to the conventional carious 
tissue removal and restoration control group, 
this mainly being due to the inherent structural 
and retentive nature of a preformed crown. In 
summary, and given the compiled clinical data 
as well as a wealth of non-randomised clinical 
trials, the strength of evidence for less inva-
sive methods for caries management is rapidly 
gaining weight.9,38

THE EVIDENCE: WHAT IS DONE?
As described previously, the evidence underly-
ing the evolution of caries management strat-
egies from invasive restorative dentistry to 
the concept of minimal intervention dentistry 
based on prevention, and treatment using the 
least invasive of approaches (minimally inva-
sive dentistry), are now well embedded in the 
literature. Questionnaire surveys are a useful 
and practical tool to find out if the emerging 
changes in caries management and its under-
lying evidence have been implemented in eve-
ryday clinical practice. There is some criticism, 
however, that there might be little correlation 
between dentists’ stated treatment intentions, 
as reported in questionnaire surveys, and the 
actual treatment provided in routine practice. 
Nevertheless, even if questionnaire surveys are 
not able to perfectly evaluate dentists’ actual 
clinical decisions, they still provide a good 
reflection of their treatment philosophies and 
knowledge.

Restorative threshold is the most common 
topic of investigation in cariology using ques-
tionnaire administration. When dentists were 
surveyed in 1990, 20-44% of respondents 
reported that they would restore a proximal 
lesion radiographically confined to enamel 
depending on the patients’ age.39 This rose 
to 39% and 70% for scenarios for 30- and 
12-year-old patients, respectively, when the 
lesion reached the enamel dentine junction. 
Disappointingly, this has not changed in the 
last 20 years, with 39-66% of dentists surveyed 
in 2009 reporting that they would restore 
proximal lesions radiographically confined 
to enamel depending on the patients’ caries 
risk status despite the fact that few would be 
cavitated.8

Questionnaire studies have been under-
taken worldwide: Brazil, Colombia, Croatia, 
France, Iran, Israel, Japan, Kuwait, Norway, 
Scandinavia and the USA; the results of all 
these surveys highlight both the large varia-
bility among dental practitioners within and 
between countries, and the gap between the 

theory of minimal intervention dentistry and 
everyday clinical practice.7,8,40–54 For exam-
ple, a French survey undertaken in 2002 
showed that almost 50% of respondents 
would restore an occlusal lesion confined 
to enamel in patients with low caries risk.43 
Espelid et al. showed in 1995 and 1996 that 
30% of Scandinavian dentists would chose 
restorative options for lesions radiographi-
cally confined to enamel.51

While support for micro-invasive treat-
ment, that is, sealing, instead of restora-
tive management of non-cavitated occlusal 
lesions is growing, dental practitioners 
remain reluctant to adopt such practices. 
Spanish data found 48% of the respondents 
to avoid sealants because they fear sealing 
carious enamel.53,54 Only 22% agreed that 
‘sealants, besides being a preventive method, 
can also have a restorative effect and can 
be used on incipient carious lesions.’ This 
result clearly showed that, despite two dec-
ades of accumulated evidence, the concept of 
therapeutic sealants have not been adopted 
in clinical routine.5,55

The domain of deep caries management has 
also been investigated in various parts of the 
globe; four articles describe the attitude of sam-
ples of American (n = 85), German (n = 821), 
Brazilian (n = 54) and Norwegian practitioners 
(n = 222).56–59 Although the surveyed samples 
were not fully representative, they gave use-
ful insights into daily management of deep 
lesions in teeth with asymptomatic pulps. 
Complete dentine excavation was still consid-
ered the standard of care by 70%, 50% and 
49% of the Brazilian, German and Norwegian 
respondents, and only 25%, 23% and 12% of 
the respective practitioners elected selective 
(partial) excavation. The German survey fur-
ther inquired why dentists chose to perform a 
certain therapy: over 70% of the respondents 
agreed that ‘cariogenic microorganisms need to 
be removed completely, since caries might pro-
gress otherwise,’ and that ‘carious tissue should 
always be removed completely, since residual 
caries is a risk for the vitality of the pulp.’ Vice 
versa, only 26% thought that leaving carious 
dentin in proximity of the pulp might be useful 
to avoid pulp exposure.57

In conclusion, available evidence has only 
incompletely translated into clinical practice. 
Since much dental treatment is irreversible, 
patients risk needless or inappropriate inter-
ventions, with potentially adverse health and 
economic consequences.60 The results of most 
surveys clearly demonstrate that it takes time 
for changes in fundamental philosophies to 
filter through to everyday clinical practice.61 
Underlying reasons why this path is steep and 
the progress is slow are not fully understood, 
but the discussed data indicate that both lack 
of knowledge and reluctance to adopt new 

strategies combined with doubts towards data 
gained in ‘artificial’ research settings might be 
part of the problem. Further reasons for the 
described gaps in evidence implementation are 
likely, and are explored below before compre-
hensively discussing how to narrow or close 
these gaps.

GAPS IN EVIDENCE TRANSLATION
While one goal of evidence-informed den-
tistry is certainly the generation of evidence 
itself – first via (pre-) clinical research, then 
via evidence synthesis (systematic reviews, 
meta-analyses) – the real benefit of an evi-
dence-informed approach only emanates 
after implementing this theoretical evidence 
into practice.62–64 In medical science, this 
‘evidence translation’ is usually slowed or 
stopped by two problems, each causing an 
‘evidence gap.’65 First, a basic scientific idea, 
which was shown to be efficacious, requires 
an applicable method, which practitioners 
can handle (that is, a dental material or 
device). Second, the then available method 
needs to disseminate into general practice, 
that is, it has to be used, which requires 
practitioners to alter their diagnostic or 
treatment scripts.66 For both examples used 
within this paper, the first evidence gap was 
closed or not present at all: resin sealants 
have been available for decades, and resin 
infiltration can be performed using a com-
mercially available kit, which was found safe 
and applicable.67 Less aggressive excavation 
does not require any new method or device 
at all, and can probably easily be adopted 
regardless of the setting. Thus, translation 
seems to be impeded by the second evidence 
gap only.

One main reason why there may be a par-
ticular hurdle to evidence translation at this 
stage is that it is beyond the reach of those with 
direct interest or motives (researchers, patent-
holders, industry), as several other decision-
makers are involved. It is important to address 
outcomes relevant to all of these stakeholders, 
and these outcomes are not necessarily con-
gruent with those usually generated by clinical 
trials. Definition and validation of these out-
comes as well as applicable methods to control 
these outcomes should be sought before further 
engaging into further (research) projects at this 
level of evidence translation: we discuss some 
examples of such outcomes below.

CHANGE
The process of change is obviously facilitated 
through the practicing dentist. Watt et al. 
and Banerjee reported about the barriers 
and facilitators to change in dental practices 
among UK dental practitioners.68,69 Changes 
in behaviour of dentists are influenced by a 
range of factors:
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Practitioners need to be equipped with the 
appropriate knowledge and skills to enable 
them to implement desired change. Future 
interventions, however, should target not 
only knowledge and skills, but norms, atti-
tudes and beliefs using a theory-grounded 
framework based on an understanding of the 
psychological barriers impeding change.70,71

Remuneration systems need to reduce 
the perceived financial risks associated with 
change. Further facilitators include: regular 
patient attendance, loyal staff, regular train-
ing and staff meetings, open communication 
and access to peer support. The latter, peer sup-
port, was confirmed as a positive factor, with 
lateral knowledge transfer in small networks 
of dental practitioners being more important 
than vertically transported knowledge, that is, 
via guidelines or academic advice.72

The dissemination of appropriate diag-
nostic and treatment concepts needs 
improvement at both pre-and post-grad-
uate educational levels.68,73,74 Education of 
the teaching faculty (‘teaching the teach-
ers’) should receive greater emphasis, as the 
variability shown among practitioners also 
exist among educators.75,76 Harmonisation of 
dental curricula, evidence-based teaching, 
and the use of standardised criteria for car-
ies detection, diagnosis, treatment decisions 
and treatment performance should be estab-
lished and implemented in student clinics. In 
this sense, teaching efforts in cariology and 
operative dentistry in North America, South 
America, Europe and Japan should aim at 
aligning and reducing existing variations in 
terms of quality of content or quantity of 
hours. Existing efforts towards a core cur-
riculum for cariology or operative dentistry 
are thus helpful.77–80

As described, third-party payers and the 
political framework should not be neglected 
in the discussion, since they set the tone 
regarding remuneration and the regula-
tory environment of clinical dentistry, for 
example via definition of standard treat-
ment pathways or reimbursement rules.82,83 
This external framework certainly shapes 
the decision making of both dentists and 
patients. In this sense, remuneration incen-
tives potentially distort the relationship 
between clinical needs, individual demands, 
and the provided treatment. In France, for 
example, dentists are paid per item of treat-
ment provided, with only certain treatments 
being approved by insurers. Restorative 
treatments are listed, while prevention and 
non-invasive care are not eligible for reim-
bursement. The importance of incentives 
has also been demonstrated for the imple-
mentation of preventive fissure sealing pro-
grammes into practice or the provision of 
regular dental check-ups.84,85

Consequently, payers or political stake-
holders should be involved when change is 
attempted. For them, clinical efficacy – as 
demonstrated by short- or medium-term 
RCTs – might be of limited value: They focus 
on the political opportunity of decisions, 
which is often greatly affected by (financial) 
costs.82,83 These are then balanced against the 
long-term benefits of changing the status 
quo. Costs and health distributional effects 
(health equity) are often also used to justify 
decisions.82,83 The demonstration of cost-
effectiveness and long-term sequels ema-
nating from changing current approaches 
regarding caries treatment is needed to 
address these stakeholders. Moreover, new 
caries detection and treatment aids need 
to be evaluated, not only regarding their 
absolute cost-effectiveness, but also their 
distributional effects of costs and health 
between populations.86,87 Changing the cur-
rent approach of treating proximal caries 
lesions was shown to have great potential for 
both long-term cost-savings and increased 
health effectiveness (longer tooth reten-
tion) compared with the invasive standard 
of care.88 For treating deep caries lesions, 
a cost-effectiveness analysis demonstrated 
that the initial treatment of the lesion (which 
is assumed to be routine in many practices) 
has great impact on both the long-term costs 
(which are mainly driven by re-treatments 
like root-canal treatment) and the reten-
tion of the tooth (which is compromised by 
early follow-up treatments, for example after 
pulpal exposure).89 Selective excavation was 
found to retain teeth for a mean of four years 
(8%) longer than complete excavation at sig-
nificantly (mean 33%) lower lifetime costs. 
Given that deep lesions are also frequently 
concentrated in only a few individuals, it is 
likely that changing the approach towards 
treatment of deep lesions will be beneficial, 
especially in those with highest needs.90 In 
this sense, change might also have beneficial 
effects with regards to health equity.91

Lastly, those stakeholders often called 
the ‘experts,’ that is, researchers, have to 
acknowledge that clinical trials should not 
only focus on what they themselves deem 
important (tooth retention, restoration sur-
vival): Instead, trial outcomes should include 
what is important to all stakeholders, and the 
conduct of trials and their reporting needs to 
adhere to specific standards in order to gen-
erate evidence that is substantial and compa-
rable.92 In this sense, clinical research needs 
to be more aware of why it is performed, 
and needs to be more accountable to those 
who pay for it and expect a certain (mediate) 
benefit from it.

Research addressing the many differ-
ent aspects of caries management has 

come a long way and gets stronger each 
day. Evolving understanding of biological 
aspects of the disease process, with con-
current increased availability of applicable 
materials and techniques, have given our 
profession the knowledge and tools for lead-
ing the change towards improved contem-
porary caries management. To promote this 
change, however, we should not solely rely 
on substantial evidence provided by clinical 
trials, even when increasingly supported by 
practice-based research. To close the evi-
dence gap and achieve wider adoption by 
the profession and increased implementa-
tion in everyday dental practice the other 
stakeholders in daily dental care should also 
be involved and related issues addressed to 
accelerate the pace of adoption. Other than 
having a single focus on producing clini-
cal scientific evidence alone, future clinical 
trials should be designed to include other 
stakeholder-related questions as well, and 
by doing so increase the usability of their 
outcomes: societal limitations such as remu-
neration, or liability may hamper imple-
mentation more than the lack of scientific 
evidence. The same applies to dissemination 
of new knowledge and evidence via alter-
native professional circuits, instead of more 
conventional education pathways.

Moreover, from a patient point of view, 
it may be hypothesised that less aggressive 
interventions and, ultimately, preserva-
tion of teeth may fulfil their expectations 
and thus be associated with patient sat-
isfaction and enhanced quality of life. 
Unfortunately, very little is known in terms 
of patient demand toward caries manage-
ment. Indeed, most of the studies aim to 
assess patient satisfaction related to specific 
clinical procedures or devices, for example, 
the Hall Technique, atraumatic restorative 
treatment, rubber dam, laser, or chemome-
chanical excavation.93–97 Cariology research 
should not only focus on tissues and tech-
niques, but also address patient expectations 
and patient-centred quality of life metrics 
including patient-reported outcome meas-
ures like patient satisfaction with dental 
health status.98

In conclusion, convincing long-term evi-
dence, related to clinical procedures and 
patient expectation, are needed that encom-
pass all aspects that influence the daily 
clinical decision-making at the chairside. In 
addition, the data gained needs to be pro-
vided in such a way that the outcomes are 
relevant to lay people and society in gen-
eral. Such clinical trials, putting the practical 
boundaries of applied procedures in wider 
perspective, could produce outcomes more 
relevant for advancing adoption and in the 
end have a greater impact on achieving 
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change in the actual daily patient care. To 
accomplish the adoption of this change in 
minimal intervention dentistry clinical prac-
tice, the process may profit from combined 
trials that also take other stakeholder’s issues 
into account, facilitating a faster, more 
coherent and sustained change.

1. Kidd E A M, van Amerongen J, van Amerongen W. 
The role of operative treatment in caries control. 
In Fejerskov O, Kidd EAM (eds). Dental Caries: The 
Disease and Its Clinical Management. pp. 355–365. 
Oxford: Blackwell Munksgaard, 2008.

2. Peters M C. Strategies for non-invasive deminer-
alized tissue repair. Dent Clin North Am 2010; 54: 
507–525.

3. Kidd E A. How ‘clean’ must a cavity be before resto-
ration? Caries Res 2004; 38: 305–313.

4. Peters M C, McLean M E. Minimally invasive opera-
tive care. I. Minimal intervention and concepts for 
minimally invasive cavity preparations. J Adhes Dent 
2001; 3: 7–16.

5. Griffin S O, Oong E, Kohn W, Vidakovic B, Gooch B F, 
Bader J et al. The effectiveness of sealants in man-
aging caries lesions. J Dent Res 2008; 87: 169–174.

6. Ammari M M, Soviero V M, da Silva Fidalgo T K, Lenzi 
M, Ferreira D M, Mattos C T et al. Is non-cavitated 
proximal lesion sealing an effective method for 
caries control in primary and permanent teeth? A 
systematic review and meta-analysis. J Dent 2014; 
42: 1217–1227.

7. Heaven T J, Gordan V V, Litaker M S, Fellows J L, 
Rindal D B, Firestone A R et al. Agreement among 
dentists’ restorative treatment planning thresh-
olds for primary occlusal caries, primary proximal 
caries, and existing restorations: findings from The 
National Dental Practice-Based Research Network.  
J Dent 2013; 41: 718–725.

8. Gordan V V, Garvan C W, Heft M W, Fellows J L, 
Qvist V, Rindal D B et al. Restorative treatment 
thresholds for interproximal primary caries based 
on radiographic images: findings from the Dental 
Practice-Based Research Network. Gen Dent 2009; 
57: 654–663.

9. Ricketts D, Lamont T, Innes N P, Kidd E, Clarkson J E. 
Operative caries management in adults and children. 
Cochrane Database Syst Rev 2013; 3: CD003808.

10. Heller K E, Reed S G, Bruner F W, Eklund S A, Burt 
B A. Longitudinal evaluation of sealing molars 
with and without incipient dental caries in a public 
health programme. J Public Health Dent 1995; 55: 
148–153.

11. da Silveira A D, Borges B C, de Almeida Varela H, de 
Lima K C, Pinheiro I V. Progression of non-cavitated 
lesions in dentin through a nonsurgical approach: 
a preliminary 12-month clinical observation. Eur J 
Dent 2012; 6: 34–42.

12. Liu B Y, Lo E C M, Chu C H, Lin H C. Randomized trial 
on fluorides and sealants for fissure caries preven-
tion. J Dent Res 2012; 91: 753–758.

13. Borges B C, de Souza Borges J, Braz R, Montes M A, 
de Assuncao Pinheiro I V. Arrest of non-cavitated 
dentinal occlusal caries by sealing pits and fissures: 
a 36-month, randomised controlled clinical trial. Int 
Dent J 2012; 62: 251–255.

14. Borges B C, Campos G B, da Silveira A D, de Lima 
K C, Pinheiro I V. Efficacy of a pit and fissure sealant 
in arresting dentin non-cavitated caries: a 1year fol-
low-up, randomized, single-blind, controlled clinical 
trial. Am J Dent 2010; 23: 311–316.

15. Florio F M, Pereira A C, Meneghim M de C, 
Ramacciato J C. Evaluation of non-invasive treat-
ment applied to occlusal surfaces. ASDC J Dent Child 
2001; 68: 326–331: 301.

16. Baumgardner K R. A review of key research design 
and statistical analysis issues. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 1997; 84: 550–556.

17. Lundh A, Sismondo S, Lexchin J, Busuioc O A, Bero 
L. Industry sponsorship and research outcome. 
Cochrane Database Syst Rev 2012; 12: MR000033.

18. Brantley C, Bader J, Shugars D, Nesbit S. Does the 
cycle of rerestoration lead to larger restorations? J 
Am Dent Assoc 1995; 126: 1407–1413.

19. Bakhshandeh A, Qvist V, Ekstrand K. Sealing occlusal 
caries lesions in adults referred for restorative 
treatment: 2–3 years of follow-up. Clin Oral Investig 
2012; 16: 521–529.

20. Hamilton J C, Dennison J B, Stoffers K W, Gregory 
W A, Welch K B. Early treatment of incipient carious 
lesions: A two-year clinical evaluation. J Am Dent 
Assoc 2002; 133: 1643–1651.

21. Handelman S L, Leverett D H, Iker H P. Longitudinal 
radiographic evaluation of the progress of caries 
under sealants. J Paedod 1985; 9: 119–126.

22. Messer L B, Calache H, Morgan M V. The retention 
of pit and fissure sealants placed in primary school 
children by Dental Health Services, Victoria. Aust 
Dent J 1997; 42: 233–239.

23. Griffin S O, Grey S K, Malvitz D M, Gooch B F. Caries 
risk in formerly sealed teeth. J Am Dent Assoc 2009; 
140: 415–423.

24. Rytomaa I, Jarvinen V, Jarvinen J. Variation in caries 
recording and restorative treatment plan among 
university teachers. Community Dent Oral Epidemiol 
1979; 7: 335–339.

25. Mialhe F L, Pereira A C, Meneghim M de C, 
Tagliaferro E P, Pardi V. Occlusal tooth surface treat-
ment plans and their possible effects on oral health 
care costs. Oral Health Prev Dent 2009; 7: 211–216.

26. Parolo C C, Maltz M. Microbial contamination of 
noncavitated caries lesions: a scanning electron 
microscopic study. Caries Res 2006; 40: 536–541.

27. Jablonski-Momeni A, Stachniss V, Ricketts D, 
Heinzel-Gutenbrunner M, Pieper K. Reproducibility 
and accuracy of the ICDAS-II for detection of occlu-
sal caries in vitro. Caries Res 2008; 42: 79–87.

28. Ricketts D N, Ekstrand K R, Kidd E A, Larsen T. 
Relating visual and radiographic ranked scoring 
systems for occlusal caries detection to histological 
and microbiological evidence. Oper Dent 2002; 27: 
231–237.

29. Ricketts D N, Kidd E A, Beighton D. Operative and 
microbiological validation of visual, radiographic 
and electronic diagnosis of occlusal caries in 
non-cavitated teeth judged to be in need of opera-
tive care. Br Dent J 1995; 179: 214–220.

30. Ricketts D N, Kidd E A, Smith B G, Wilson R F. 
Clinical and radiographic diagnosis of occlusal car-
ies: a study in vitro. J Oral Rehabil 1995; 22: 15–20.

31 Fusayama T, Terachima S. Differentiation of two lay-
ers of carious dentin by staining. J Dent Res. 1972; 
51: 866

32. Ricketts D. Management of the deep carious lesion 
and the vital pulp dentine complex. Br Dent J 2001; 
191: 606–610.

33. Leksell E, Ridell K, Cvek M, Mejare I. Pulp exposure 
after stepwise versus direct complete excavation of 
deep carious lesions in young posterior permanent 
teeth. Endod Dent Traumatol 1996; 12: 192–196.

34. Magnusson B O, Sundell S O. Stepwise excavation of 
deep carious lesions in primary molars. J Int Assoc 
Dent Child 1977; 8: 36–40.

35. Aguilar P, Linsuwanont P. Vital pulp therapy in vital 
permanent teeth with cariously exposed pulp: a 
systematic review. J Endod 2011; 37: 581–587.

36. Al-Hiyasat A S, Barrieshi-Nusair K M, Al-Omari M A. 
The radiographic outcomes of direct pulp-cap-
ping procedures performed by dental students: a 
retrospective study. J Am Dent Assoc 2006; 137: 
1699–1705.

37. Barthel C R, Rosenkranz B, Leuenberg A, Roulet 
J F. Pulp capping of carious exposures: treatment 
outcome after 5 and 10 years: a retrospective study. 
J Endod 2000; 26: 525–528.

38. Schwendicke F, Dörfer C E, Paris S. Incomplete Caries 
Removal: A Systematic Review and Meta-analysis. J 
Dent Res 2013; 92: 306–314.

39. Nuttall N M, Pitts N B. Restorative treatment thresh-
olds reported to be used by dentists in Scotland. Br 
Dent J 1990; 169: 119–126.

40. Traebert J, Wesolowski C I, de Lacerda J T, Marcenes 
W. Thresholds of restorative decision in dental caries 
treatment among dentists from small Brazilian 
cities. Oral Health Prev Dent 2007; 5: 131–135.

41. Gomez J, Ellwood R P, Martignon S, Pretty I A. 
Dentists’ perspectives on caries-related treatment 
decisions. Community Dent Health 2014; 31: 91–98.

42. Baraba A, Domejean-Orliaguet S, Espelid I, Tveit A B, 
Miletic I. Survey of Croatian dentists’ restorative 
treatment decisions on approximal caries lesions. 
Croat Med J 2010; 51: 509–514.

43. Doméjean S, Maltrait M, Espelid I, Tveit A, Tubert-
Jeannin S. Changes in occlusal caries lesion man-
agement in France from 2002 to 2012 a persistent 
gap between evidence and clinical practice. Caries 
Res 2015; 49: 408–416.

44. Ghasemi H, Murtomaa H, Torabzadeh H, Vehkalahti 
M M. Restorative treatment threshold reported by 
Iranian dentists. Community Dent Health 2008; 25: 
185–190.

45. Zadik Y, Levin L. Clinical decision making in 
restorative dentistry, endodontics, and antibiotic 
prescription. J Dent Educ 2008; 72: 81–86.

46. Kakudate N, Sumida F, Matsumoto Y et al. 
Restorative treatment thresholds for proximal caries 
in dental PBRN. J Dent Res 2012; 91: 1202–1208.

47. Khalaf M E, Alomari Q D, Ngo H, Domejean S. 
Restorative Treatment thresholds: factors influ-
encing the treatment thresholds and modalities of 
general dentists in Kuwait. Med Princ Pract 2014; 
23: 357–362.

48. Vidnes-Kopperud S, Tveit A B, Espelid I. Changes 
in the treatment concept for approximal caries 
from 1983 to 2009 in Norway. Caries Res 2011; 45: 
113–120.

49. Espelid I, Tveit A, Haugejorden O, Riordan P J. 
Variation in radiographic interpretation and 
restorative treatment decisions on approximal caries 
among dentists in Norway. Community Dent Oral 
Epidemiol 1985; 13: 26–29.

50. Tveit A B, Espelid I, Skodje F. Restorative treatment 
decisions on approximal caries in Norway. Int Dent J 
1999; 49: 165–172.

51. Espelid I, Tveit A B, Mejare I, Sundberg H, Hallonsten 
A L. Restorative treatment decisions on occlusal caries 
in Scandinavia. Acta Odontol Scand 2001; 59: 21–27.

52. Gordan V V, Bader J D, Garvan C W et al. Restorative 
treatment thresholds for occlusal primary caries 
among dentists in the dental practice-based 
research network. J Am Dent Assoc 2010; 141: 
171–184.

53. Fontana M, Platt J A, Eckert G J et al. Monitoring of 
sound and carious surfaces under sealants over 44 
months. J Dent Res 2014; 93: 1070–1075.

54. San Martin L, Castano A, Bravo M, Tavares M, 
Niederman R, Ogunbodede E O. Dental sealant 
knowledge, opinion, values and practice of Spanish 
dentists. BMC Oral Health 2013; 13: 12.

55. Bader J D, Shugars D A. The evidence supporting 
alternative management strategies for early occlusal 
caries and suspected occlusal dentinal caries. J Evid 
Based Dent Pract 2006; 6: 91–100.

56. Oen K T, Thompson V P, Vena D et al. Attitudes 
and expectations of treating deep caries: a PEARL 
Network survey. Gen Dent 2007; 55: 197–203.

57. Schwendicke F, Meyer-Lueckel H, Dorfer C, Paris 
S. Attitudes and behaviour regarding deep dentin 
caries removal: A Survey among German Dentists. 
Caries Res 2013; 47: 566–573.

58. Weber C M, Alves L S, Maltz M. Treatment decisions 
for deep carious lesions in the Public Health Service 
in Southern Brazil. J Public Health Dent 2011; 71: 
265–270.

59. Stangvaltaite L, Kundzina R, Eriksen H M, Kerosuo 
E. Treatment preferences of deep carious lesions in 
mature teeth: Questionnaire study among dentists 
in Northern Norway. Acta Odontol Scand 2013; 71: 
1532–1537.

60. Shugars D A, Bader J D. Cost implications of differ-
ences in dentists’ restorative treatment decisions. J 
Public Health Dent 1996; 56: 219–222.

61. Haugejorden O. Adoption of fluoride-based caries 
preventive innovations in a public dental service. 
Community Dent Oral Epidemiol 1988; 16: 5–10.

62. Brennan D S, Spencer A J. The role of dentist, prac-
tice and patient factors in the provision of dental 
services. Community Dent Oral Epidemiol 2005; 33: 
181–195.

63. Baelum V. Caries management: technical solutions 
to biological problems or evidence-based care? J 
Oral Rehabil 2008; 35: 135–151.

BRITISH DENTAL JOURNAL  VOLUME 219  NO. 9 NOV 13 2015 437

© 2015 British Dental Association. All rights reserved



PRACTICE

64. McNeil B J. Hidden Barriers to Improvement in 
the Quality of Care. N Engl J Med 2001; 345: 
1612–1620.

65. Pitts N B. Implementation. Improving caries detec-
tion, assessment, diagnosis and monitoring. Monogr 
Oral Sci 2009; 21: 199–208.

66. Bader J D, Shugars D A. Understanding dentists’ 
restorative treatment decisions. J Public Health Dent 
1992; 52: 102–110.

67. Altarabulsi M B, Alkilzy M, Splieth C H. Clinical 
applicability of resin infiltration for proximal caries. 
Quintessence Int 2013; 44: 97–104.

68. Watt R, McGlone P, Evans D et al. The facilitating 
factors and barriers influencing change in dental 
practice in a sample of English general dental 
practitioners. Br Dent J 2004; 197: 485–489.

69. Banerjee A. ‘MI’opia or 20/20 vision? Br Dent J 2013; 
214: 101–105.

70. Bonetti D, Johnston M, Clarkson J E et al. Applying psy-
chological theories to evidence-based clinical practice: 
identifying factors predictive of placing preventive 
fissure sealants. Implement Sci 2010; 5: 25.

71. Bonetti D L. Evidence not practised: the underutili-
sation of preventive fissure sealants. Br Dent J 2014; 
216: 409–413.

72. Sbaraini A, Carter S M, Evans R W, Blinkhorn A. 
How do dentists and their teams incorporate 
evidence about preventive care? An empirical study. 
Community Dent Oral Epidemiol 2013; 41: 401–414.

73. Splieth Ch H, Innes N, Sohnel A. Evidence-based 
cariology in clinical and public health practice as 
part of the European Core Curriculum in Cariology. 
Eur J Dent Educ 2011; 1: 45–51.

74. Kaidonis J, Skinner V, Lekkas D, Winning T, Townsend 
G. Reorientating dental curricula to reflect a mini-
mally invasive dentistry approach for patient-cen-
tred management. Aust Dent J 2013; 58: 70–75.

75. Tubert-Jeannin S, Doméjean-Orliaguet S, Riordan 
P J, Espelid I, Tveit A B. Restorative treatment strat-
egies reported by French university teachers. J Dent 
Educ 2004; 68: 1096–1103.

76. Baraba A, Doméjean S, Juric H, Espelid I, Tveit 
A B. Restorative treatment decisions of Croatian 

University teachers. Coll Antropol 2012; 36: 
1293–1299.

77. Clark T D, Mjor I A. Current teaching of cariology in 
North American dental schools. Oper Dent 2001; 26: 
412–418.

78. Martignon S, Gomez J, Tellez M, Ruiz J A, Marin 
L M, Rangel M C. Current cariology education in 
dental schools in Spanish-speaking Latin American 
countries. J Dent Educ 2013; 77: 1330–1337.

798. Schulte A G, Buchalla W, Huysmans M C et al. A 
survey on education in cariology for undergraduate 
dental students in Europe. Eur J Dent Educ 2011; 15: 
3–8.

80. Fukushima M, Iwaku M, Mjor I A. Cariology in 
Japanese dental schools. Int Dent J 2004; 54: 
269–272.

81. Schulte A, Pitts N, Huysmans M, Splieth C, Buchalla 
W. European core curriculum in cariology for under-
graduate dental students. Eur J Dent Educ 2011; 15: 
9–17.

82. Dobrow M J, Goel V, Upshur R E. Evidence-based 
health policy: context and utilisation. Soc Sci Med 
2004; 58: 207–217.

83. Dobrow M J, Goel V, Lemieux-Charles L, Black N A. 
The impact of context on evidence utilization: a 
framework for expert groups developing health 
policy recommendations. Soc Sci Med 2006; 63: 
1811–1824.

84. Clarkson J E, Turner S, Grimshaw J M et al. Changing 
clinicians’ behaviour: a randomized controlled 
trial of fees and education. J Dent Res 2008; 87: 
640–644.

85. Listl S, Chalkley M. Provider payment bares teeth: 
dentist reimbursement and the use of check-up 
examinations. Soc Sci Med 2014; 111: 110–116.

86. Pitts N, Amaechi B, Niederman R et al. Global 
oral health inequalities: dental caries task 
group—research agenda. Adv Dent Res 2011; 23: 
211–220.

87. Schwendicke F, Stolpe M, Meyer-Lueckel H, Paris 
S. Detecting and treating occlusal caries lesions: a 
cost-effectiveness analysis. J Dent Res 2015; 94: 
272–280.

88. Schwendicke F, Meyer-Lueckel H, Stolpe M, Dörfer 
C E, Paris S. Costs and effectiveness of treatment 
alternatives for proximal caries lesions. PLoS One 
2014; 9: e86992.

89. Schwendicke F, Stolpe M, Meyer-Lueckel H, Paris S, 
Dörfer C E. Cost-effectiveness of oneand two-step 
incomplete and complete excavations. J Dent Res 
2013; 90: 880–887.

90. Ridell K, Olsson H, Mejare I. Unrestored dentin caries 
and deep dentin restorations in Swedish adoles-
cents. Caries Res 2008; 42: 164–170.

91. Schwendicke F, Stolpe M. Cost-effectiveness of caries 
excavations in different risk groups a micro-simulation 
study. BMC Oral Health 2014; 15: 153.

92. Williamson P, Altman D, Blazeby J et al. Developing 
core outcome sets for clinical trials: issues to con-
sider. Trials 2012; 13: 132.

93. Page L A, Boyd D H, Davidson S E, McKay S K, 
Thomson W M, Innes N P. Acceptability of the Hall 
Technique to parents and children. N Z Dent J 2014; 
110: 12–17.

94. Molina G F, Faulks D, Frencken J. Acceptability, 
feasibility and perceived satisfaction of the use of 
the Atraumatic Restorative Treatment approach for 
people with disability. Braz Oral Res 2015; 29.

95. Alhareky M S, Mermelstein D, Finkelman M, 
Alhumaid J, Loo C. Efficiency and patient satisfac-
tion with the Isolite system versus rubber dam for 
sealant placement in paediatric patients. Paediatr 
Dent 2014; 36: 400–404.

96. Fornaini C, Riceputi D, Lupi-Pegurier L, Rocca J P. 
Patient responses to Er: YAG laser when used for 
conservative dentistry. Lasers Med Sci 2012; 27: 
1143–1149.

97. Chaussain-Miller C, Decup F, Domejean-Orliaguet S 
et al. Clinical evaluation of the Carisolv chemome-
chanical caries removal technique according to the 
site/stage concept, a revised caries classification 
system. Clin Oral Investig 2003; 7: 32–37.

98. ICDAS Foundation. ICCMSTM Guide for Practitioners 
and Educators. Available online at https://www.
icdas.org/uploads/ICCMS-Guide_Full_Guide_UK.pdf 
(accessed October 2015).

438 BRITISH DENTAL JOURNAL  VOLUME 219  NO. 9 NOV 13 2015

© 2015 British Dental Association. All rights reserved

https://www.icdas.org/uploads/ICCMS-Guide_Full_Guide_UK.pdf
https://www.icdas.org/uploads/ICCMS-Guide_Full_Guide_UK.pdf

	Managing caries: the need to close the gap between the evidence base and current practice
	Introduction
	The evidence: what is known?
	The evidence: what is done?
	Gaps in evidence translation
	Change
	Note
	References




