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Background

Dental caries is one of the most common non-
communicable diseases (NCDs) worldwide and 
remains a significant public health problem. The 
Global Burden of Diseases Study 2017 reported 
that untreated dental caries was the most 
prevalent condition, with 2.3 billion people 

affected by untreated dental caries in permanent 
teeth, and for primary teeth 532 million children 
affected.1 In the United Kingdom, it is one of the 
most common childhood NCDs, with nearly 
a half of 15-year-olds and a third of 12-year-
olds having obvious decay experience in their 
permanent teeth, and it follows social gradients 
with the most deprived being more affected.2

Management of dental caries has been 
addressed traditionally using a mechanistic, 
surgical operative approach.3 This approach 
has typically involved the removal of all the 
affected tooth tissue usually under a local 
anaesthetic and restoration by filling the 
cavity with a restorative material. The use of a 
drill and injections are procedures commonly 
reported by children as causing anxiety and 
fear. Furthermore, dental restorations in 
permanent teeth have a finite longevity and 
replacements are required periodically. This 
places the tooth and the patient in a cycle of 
lifelong restorative care, frequently leading to 
the eventual loss of the tooth.4

Advances in the understanding of the caries 
disease process have shown that carious lesions 
in the early stages can be reversed,5 together 
with an understanding that dentine-pulp 
complex reactions are protective, promoting 
the maintenance of tooth vitality. These, 
coupled with advances in dental biomaterials 
and adhesion, underpinned by the fact that 
dental restorations have a finite lifespan, 
support the management of a patient with 
dental caries in a more minimally invasive 
operative manner.

Different terminology appears to be used for 
this approach;6,7,8,9,10 throughout this article, we 
use the term ‘minimum intervention dentistry’ 
(MID). There is variation surrounding the 
components of MID11 and how this approach 
can be implemented for children with 
established dental caries presenting in primary 
care.12,13,14,15,16 The aim of this scoping review 
was to describe the literature related to the 
provision of MID for children with caries and 
to identify research gaps.

Describes the process of carrying out a scoping 
review of the literature on minimum intervention 
dentistry for children with dental caries.

Describes the literature on minimum intervention 
dentistry and children with dental caries.

Suggests further research is needed to explore 
the clinical and cost-effectiveness of a minimum 
intervention dentistry care pathway for children 
with dental caries.

Key points
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Methods

A scoping review was undertaken according 
to the approach developed by Arksey and 
O’Malley.17 For this scoping review of MID 
and children with carious teeth, the research 
question was: ‘What is the nature of the 
literature on minimum intervention dentistry 
and children with caries?’ The clinical scope 
was kept broad to capture as much literature 
in this area as possible since the aim was to 
identify what literature existed as well as 
the research gaps. Literature relevant to the 
target population of children defined as under 
18 years old was included.

A search was conducted on electronic 
databases including Medline via Ovid, Web 
of Science, PubMed and Scopus. After a 
preliminary search, the terms ‘minimum 
intervention’ OR ‘minimal intervention’ were 
used with the term ‘dentistry’ or ‘caries’ to 
identify relevant evidence. These keywords 
were felt to cover the range of terms used for 
techniques following a minimum interventive 
approach. The search was limited to articles in 
the English language due to translation costs 
and time available. Articles published between 
1970 to September 2020 were included since 
the term ‘minimum intervention dentistry’ 
was commonly used from the 1990s; thus, 1970 
allowed a large leeway. Databases that searched 
for grey literature were included (Open Grey 
and Ethos).

The inclusion criteria were:
•	 The keywords ‘minimum intervention’ or 

‘minimal intervention’ being included in 
the title and/or abstracts or as keywords

•	 All types of research design (randomised 
control trials, cohort trials, case-control 
studies, cross-sectional studies, opinion 
articles)

•	 Articles in English language
•	 Articles published from January 1970  to 

September 2020.

The exclusion criteria were papers:
•	 Relating solely to clinical conditions other 

than dental caries
•	 Relating solely to cosmetic dentistry and/

or facial aesthetics
•	 Published before 1970
•	 Where abstracts and texts could not be 

obtained
•	 In languages other than English
•	 Where MID was not or could not be related 

to children
•	 Describing in vitro or animal-based studies.

Reference lists and manual searching was 
conducted. Certain UK-based organisations’ 
websites were also searched to identify 
relevant literature, including British Dental 
Association, National Institute for Health and 
Care Excellence, Faculty of General Dental 
Practice (UK) and General Dental Council.

The papers were processed in Endnote 
and duplicates removed. A data extraction 
spreadsheet was designed using the initial 
topics and themes from a preliminary literature 
review. The data extraction form was piloted 
(BD, ZM, CD) on five articles in order to aid 
consistency and agreement. The initial themes 
that were identified from the literature review 
were discussed and further themes were added 
to the data extraction form.

An optional sixth stage, that of a 
consultation exercise, is advocated by Arksey 
and O’Malley.17 Levac et al. propose that the 
consultation stage improves the academic 
rigour and is an essential component in a 
scoping review.18 The consultation stage aimed 
to help identify any relevant missed literature, 
to provide further insights into the findings of 
the scoping review and help prioritise future 
research. The consultation stage involved group 
and individual discussions, with purposively 
selected groups of stakeholders. These 
stakeholders included four practice owners, 
three associate dentists (from three different 

NHS dental practices), two dental therapists 
(from two dental practices), a dental nurse, 
practice manager and six patients who were 
part of a patient and public group meeting.

Results

The electronic searches from the databases 
revealed a total of 753 papers; 338 duplicates 
were removed. After removal of these 
duplicates, the remaining 415 articles had their 
titles screened to see if they were applicable to 
the area of study. Those that showed relevance 
to the topic of MID and caries were further 
assessed. Abstract screening revealed 139 
papers that required full-text screening. Sixty-
three articles were included from the electronic 
search results. Hand searching using reference 
lists identified four further articles. In total, 
67 papers satisfied the inclusion criteria 
(see online supplementary information). A 
flowchart of the search and screening process 
is detailed in Figure 1.

Article characteristics
Of the 67 included articles, the first authors of 
the articles were from a variety of countries. 
Australia (n = 18) and the UK (n = 17) were the 
most common countries of origin, with France 
(n  =  9) and the United States of America 
(n = 5) the next most frequent.

Total 753 Minus duplicates 338 

Title screening 415 Rejected 240 

Abstract screening 175 Rejected 36 

Full text screening 139 

Total selected for inclusion (67) 

Rejected 76 

Medline via OVID (27) 
Pubmed (198) 
Scopus (248) 
Web of Science (280) 
Open grey ( 0) 
Ethos (0) 

Additional articles included 
Reference searched (1) 
Author reviewed (1) 
Stakeholders (2) 

Fig. 1  Flowchart of the search strategy
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Publications were from 24 different journals. 
The most common journal of publication 
was the British Dental Journal (n = 23), with 
the Australian Dental Journal the next most 
frequent (n = 12).

Results showed that most of the studies were 
opinion papers (n  =  48), with six reporting 
a randomised control trial (RCT), seven 
questionnaire-based cross-sectional studies, 
one interview-based qualitative study, one 
retrospective cohort study and four reviews (two 
systematic reviews and two literature reviews).

‘Components’ included in minimum 
intervention dentistry
The included papers were investigated for 
the components of MID they included. 
Components were placed into domains of: 
a) detection; b) diagnosis; c) prevention; and 
d) minimally invasive interventions. As some 
components were applicable in more than one 
domain, they were included in all relevant 
domains (Fig. 2).

Detection
Twelve components were used or described 
in the literature for the detection stage of 
MID. As expected, the visual and tactile 
method of detection was the most common 
method advocated (n = 23). Radiography was 
also advocated in 14 papers. The use of the 
International Caries Detection and Assessment 
System (ICDAS) was included in 14 papers. 
The use of additional detection aids such as 
light fluorescence were advocated by 14 papers.

Diagnosis
The inclusion of a caries risk assessment tool 
appeared in 21 papers. These advocated the use 
of a structured caries risk assessment (CRA) 
method with caries management by risk 
assessment being the most common (n = 8). 
Other CRA tools included the Cariogram 
(n = 5). The use of salivary tests as part of a 
CRA were included in 12 papers. Also, the use 
of light fluorescence technology appeared in 
three papers.

Prevention
The literature has identified several components 
that may be used alone or in combination. The 
most common professional intervention was 
fluoride varnish (n  =  23), followed by oral 
health education (n = 14) and fissure sealants 
(n = 13; resin-based sealants [n = 9] and glass 
ionomer-based sealants [n = 9]).

Minimally invasive interventions
Minimally invasive interventions and 
techniques included adhesive restorative 
materials (n  =  28), atraumatic restorative 
treatment (ART) (n = 17) and micro-invasive 
management of non-cavitated lesions (n = 8). 
With regards to how much caries should be 
removed, selective caries removal appeared as 
the most common (n = 14), with the stepwise 
technique mentioned in two papers. A number 
of caries removal instruments were specifically 
mentioned including air-abrasion (n  =  6), 
chemo-mechanical (n = 6) and sono-abrasion 
(n = 5).

Optical magnification

Diagnodent

Fibre optic transillumination (FOTI)

Quantitive light fluorescence

Soprolife

NYVAD criteriaElectrical caries measurements

International Caries Detection and Assessment System

Salivary tests
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Clean dry teeth Radiography Caries risk assessment �

CAMBRA

Use of sectional matrix systems

Air abrasion
Hall technique

Sona-abrasion

Stepwise technique

Chemico-mechanical caries removal

Cavity modification

Tunnel restorations Resin infiltration

Repair of restorations

Selective caries removal

Adhesive restorations

Therapeutic sealants

Risk based recall

Use of NICE guidelines

3-month recall

Vision/tactile

Atraumatic restorative Technique

Detection

Recall
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Sugar free gum 
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Calicium phosphate pastes

Oral hygiene education

Fissure sealants

Diet analysis

Fluoride availability (incl varnish)

Fig. 2  Components included in the domains of minimum intervention dentistry
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In summary, the literature revealed broad 
agreement that the principal domains of 
MID were detection/diagnosis (identifying 
the problem), prevention, minimally invasive 
operative interventions and recall. The stages of 
detection and diagnosis were often combined 
as one domain. There were a wide range of 
components that could be included to execute 
each domain.

Analysis of papers by ‘theme’
Five themes, four of which were sub-divided 
into sub-themes, emerged from the scoping 
review literature (see Table 1). Several papers 
expressed more than one theme.

Evidence base
There were three sub-themes highlighted: 
limitations of the traditional approach, the 
clinical effectiveness and the cost-effectiveness 
of minimum intervention dentistry. The scoping 
review identified several papers, mainly opinion 
pieces, that criticised the traditional approach to 
caries management and highlighted its potential 
disadvantages when compared to minimum 
intervention and its components.12,13,14,15,16 While 
the review found several opinion pieces that 
claimed minimum intervention dentistry was 
effective based on evidence from its individual 
components,15,19,20,21,22,23 the scoping review 
failed to identify any definitive trials of the 
efficacy or effectiveness of a complete minimum 
intervention care pathway for children with 
dental caries in their permanent teeth. Two 
papers described RCTs. However, they evaluated 
the ART approach and did not include other 
minimum intervention domains.21,24 These 
studies stated that the ART was as effective 
as conventional treatment. Similarly, while 
many articles suggested the cost-effectiveness 
of minimum intervention was important, no 
health economic evaluations were conducted. 
This theme highlights the large gap in the 
literature into the clinical and cost-effectiveness 
of minimum intervention pathways in primary 
dental care compared to standard care.

Clinical skills and attitude
This theme, which included 27 papers, was 
sub-divided into two subthemes: i) clinicians’ 
attitudes and knowledge; and ii) teaching and 
education. The majority of papers included in 
this theme were opinion papers. The empirical 
papers consisted of two cross-sectional studies 
and one qualitative paper. There was an 
apparent lack of knowledge among primary 
dental care clinicians about the minimum 

intervention approach and some suggestion of 
reluctance on their behalf to learn to deliver it, 
particularly when the evidence base in primary 
dental care was perceived to be lacking. 
The impact of historical undergraduate 
teaching in favouring the traditional surgical 
approaches over minimum intervention 
may be influencing this perception. It was 
suggested that minimum intervention training 
needs to be more prevalent in undergraduate 
programmes and postgraduate courses, with 
hands-on practical experience favoured.

Implementation in primary dental care
Theme three included two subthemes: i) the 
current use of minimum intervention in 
primary dental care; and ii) the utilisation of 
the whole oral healthcare team. The literature, 
mostly opinion pieces, suggested that the 
current use of the minimum intervention 
pathway in primary dental care was low, 
although many of the individual techniques/
procedures are used separately. The literature 
generally advocates utilisation of the whole 
oral healthcare team to deliver it, although 
randomised control trials were only available 
for dental therapists using ART.25,26,27

Acceptability to patients and parent/carers
Acceptability of minimum intervention to 
patients and parent/carers is a recurring 
theme including empirical questionnaire-
based studies,19,27,28,29,30 and authors state that 

minimum intervention offers a more ‘patient-
friendly’ approach to caries management. 
A trial conducted in public health clinics 
in Australia by Arrow and Klobas assessed 
acceptability of the ART compared to the 
standard care approach.27 The study utilised 
a facial image scale-based questionnaire and 
found similar levels of dental anxiety between 
the two arms.

Environmental factors
This includes sub-themes of: a) regulatory and 
remunerative frameworks; and b) medico-
legal concerns. The scoping review identified 
the regulatory and remuneration system as 
an important factor that will impact on the 
implementation of minimum intervention 
oral care delivery. Remuneration systems 
appear to reward dental professionals better 
for itemised restorative treatments than for 
prevention.14,31,32,33,34,35 Similarly, medico-legal 
concerns about changing clinical practice to 
a minimum intervention approach may be a 
factor that impacts provision by clinicians. 
Opinion papers have suggested the risk of 
litigation of such a minimum intervention 
approach was low.36,37 This is based on the 
presumption that a minimum intervention 
care pathway is a ‘well-proved and well-
accepted’ procedure,36 also being well 
established. Such an argument is open to 
debate given the lack of definitive research 
supporting this.

Theme Number of articles

1. Evidence base

Subtheme 1(a) Limitations of traditional approach 23

Subtheme 1(b) Clinical effectiveness of minimum intervention 30

Subtheme 1(c) Cost-effectiveness of minimum intervention 7

2. Clinical skills and attitude

Subtheme 2(a) Clinician attitude and knowledge 16

Subtheme 2(b) Teaching and education 13

3. Practice implementation

Subtheme 3(a) Oral healthcare team workforce 16

Subtheme 3(b) Current practice provision of minimum intervention 21

4. Patient and parent/carer acceptability 20

5. Environmental factors

Subtheme 5(a) Regulatory and remunerative frameworks 22

Subtheme 5(b) Medico-legal concerns  3

Table 1  Themes identified affecting the delivery of minimum intervention oral care and 
number of papers in each sub-theme
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Stakeholder consultation
The results described above were discussed 
during a consultation with public and 
patient involvement (PPI) groups and dental 
professional stakeholders. The stakeholders 
were able to discuss the themes and endorse 
the areas for future research relating to 
minimum intervention dentistry. In addition, 
they identified several other gaps including:
•	 The importance of research relating to the 

progression of caries
•	 The costs of delivering minimum 

intervention in primary dental care 
including equipment costs, costs associated 
with training of the oral healthcare team 
and any building alterations required

•	 Children’s perspectives on the appearance 
of teeth

•	 The environmental impact of minimum 
intervention dentistry compared to 
traditional approaches.

In summary, the stakeholder consultation 
stage of the scoping review supported the 
results and added valuable insights to inform 
future research.

Summary and the research gaps
The scoping literature has identified several 
gaps in the research and uncertainties 
regarding the minimum intervention care 
pathway. These are summarised in Table 2. 
There were no studies found that assessed the 
whole minimum intervention care pathway 
versus the traditional approach for managing 
children with caries in their permanent teeth.

Discussion

This scoping literature review is the first to 
describe the literature related to the provision 
of minimum intervention dental care for 
children with caries. It aimed to identify 
related themes and research gaps to inform 
future research. The majority of articles were 
opinion papers and the review found no 
empirical studies that assessed implementation 
and acceptability of the whole minimum 
intervention care pathway.

Previous randomised control trials 
performed in general practice have assessed 
healthcare interventions as single entities 
without considering that they form part of 
a care pathway delivered to patients in a 
complex environment. In clinical settings, 
healthcare delivered by professionals 
including dental professionals can consist of 

a number of different interventions under 
varying contextual influences. These cannot 
really be said to be just simple interventions 
that should be looked at in isolation. For 
example, treatment of a carious cavity in an 
individual would involve detection, diagnosis, 
risk assessment, consultation with the patient 
regarding preferences, possibly care delivered 
by differing dental professionals and maybe 
even in a variety of environments. Complex 
interventions are common in the health service 
setting and their evaluations pose specific 

challenges. The Medical Research Council has 
published guidance on developing, evaluating 
and implementing complex interventions, and 
this field is evolving.38,39

Minimum intervention care as described 
above is a complex longitudinal intervention 
made up of several interacting components 
within defined domains, delivered possibly in 
different organisational settings, with several 
outcomes of interest, involving variable 
stakeholder behaviours and tailored to the 
individual patient.

Themes identified Current research literature and gaps

Evidence base

Limitations of 
traditional approach

•	 Mainly opinion-based and no high-quality studies evaluating minimum 
intervention pathway vs traditional approach

Clinical effectiveness

•	 Opinion papers advocate potential benefit
•	 Empirical studies advocated possible benefit of ART. No research identified on 

the clinical effectiveness of the whole minimum intervention care pathway vs 
traditional approach

Cost-effectiveness •	 No empirical studies that have assessed cost-effectiveness of the minimum 
intervention care pathway

Clinical skills and attitude

Clinician attitude and 
knowledge

•	 Literature indicates that GDPs’ knowledge of minimum intervention dentistry 
may be poor

•	 No high-quality study of this with regards to members of the oral healthcare 
team in primary care dental practice in the UK

Teaching and education
•	 Opinion papers have suggested that the teaching of minimum intervention 

dentistry may be poor
•	 Empirical data show lack of knowledge of ART among UK dentists

Practice implementation

Dental team workforce

•	 The opinion papers advocate the use of dental therapists for the delivery of 
minimum intervention dentistry

•	 Empirical studies have just used dental therapists for the ART approach
•	 No studies have evaluated the use of DCPs in the delivery of the minimum 

intervention care pathway

Current practice 
provision of minimum 
intervention

•	 Opinion papers have stated that minimum intervention is poorly implemented
•	 Empirical studies would support this
•	 No research on the provision of the whole minimum intervention care pathway 

in general dental practice in the UK

Patient and parent/carer acceptability

Acceptability

•	 Opinion papers advocate that minimum intervention dentistry is more 
acceptable to patients

•	 Empirical studies have shown some potential of ART to be more accepted by 
patients

•	 No research has been identified that assessed patient and parent acceptability 
of a whole minimum intervention care pathway

Environmental factors

Regulatory and 
remunerative factors

•	 Opinion papers have stated that these would be a potential barrier to minimum 
intervention care pathway delivery

•	 Some support from a qualitative study
•	 No research has assessed how regulatory and remunerative factors could affect 

the delivery of a whole minimum intervention care pathway

Medico-legal 
implications

•	 Opinion papers highlighted that medico-legal concerns may be a factor in 
minimum intervention care pathway delivery

•	 No research has been identified that assessed how medico-legal concerns can 
affect the delivery of the minimum intervention care pathway

Table 2  Summary of research gaps identified by a review of the scoping literature 
(ART = atraumatic restorative treatment; DCP = dental care professionals)
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The literature highlighted the variation 
between authors in the terminology and 
components of minimum intervention 
dentistry. While many opinion pieces describe 
minimum intervention dentistry as an 
evidence-based approach, there remains a lack 
of research on its clinical and cost-effectiveness 
compared to usual care. This may be due to 
the historic focus on individual components 
of minimum intervention delivery. However, it 
should be regarded as a complex longitudinal 
intervention comprised of interacting 
domains11 and so evaluation of the whole 
pathway is required.40 For example, if detection 
of carious lesions is not optimal at baseline, 
then analysis of clinical outcome measures at 
final follow-up may show reduced effectiveness 
of an intervention with no significant 
difference from a control. In practice, this is 
important and an understanding of how one 
domain can affect another in any care pathway 
is important.

An important aim of the scoping review 
was to identify gaps in the literature which 
will help to design future studies and help plan 
implementation of minimum intervention 
care. Gaps included undergraduate training, 
impact of regulatory and remunerative 
frameworks, workforce skill mix and medico-
legal aspects.41

In this review, no papers were found to focus 
on children and their carers’ perspectives of 
minimum intervention dentistry. For patient-
focused care, the views of children and 
carers must be considered and explored. The 
stakeholder consultation suggested that the 
aesthetic impact should be included which 
may require child-focused research approaches 
with children and their parents/carers.42

The search methods for this review focused 
on searching for studies that discussed or 
evaluated the entire minimum intervention 
pathway. As such, the many terms used to 
describe minimum intervention dentistry 
would be identified in the electronic searches 
using the broad search terms described in 
the method section. However, a potential 
limitation of this review is that separate 
searches were not conducted for each 
individual domain of minimum intervention. 
A search of the literature for all domains, 
including minimally invasive dentistry, would 
result in a huge number of articles but likely 
add little to the scoping review findings. 
Reference list checking, grey literature 
searching and stakeholder and consultation 
with two cariologists were also conducted to 

limit omission of key articles. The inclusion of 
English language-only articles may also be a 
limitation of the review.

The lack of consensus of terminology can 
cause not only difficulty when searching for 
literature, but also when trying to understand 
what components may be included. The 
term ‘minimally invasive dentistry’ may also 
compound the problem. In 2016, the FDI 
updated their policy on minimal intervention 
dentistry as ‘to conserve remineralisable 
and intact tooth tissue to help retain teeth 
throughout life. Tooth tissue should not be 
removed unnecessarily. The major components 
include: 1) early detection of carious lesions 
and assessment of caries risk and activity; 2) 
remineralisation of demineralised enamel 
and dentine; 3) optimal measurements to 
keep sound teeth sound; 4) tailor-made 
dental recalls; 5) minimally invasive operative 
interventions to ensure tooth survival; 6) 
repairing rather than replacing defective 
restorations’.

Moving forward, the terms ‘minimum 
intervention oral care’ and ‘minimally invasive 
dentistry’ have been presented to further try to 
clarify this discipline. Minimum intervention 
oral care (MIOC) has been defined as 
individualised patient care delivery, with 
responsibilities from the oral healthcare team 
and patient, using research and development in 
disease detection and diagnosis, susceptibility 
assessment, prevention/control regimes and 
minimally invasive operative treatments, with 
the goal of maintaining lifelong oral health. 
The term minimally invasive dentistry (MID) 
is now solely used to describe all operative 
interventions at the tooth level, which should 
be biological, respecting and preserving 
dental/oral hard and soft tissues, being as 
minimally destructive as possible. State-of-the-
art operative technologies/bioactive materials 
should be mastered and used. This is one of 
the four interlinking domains that make up the 
MIOC framework.43

Conclusions

The majority of articles about minimum 
intervention dentistry and caries in children 
were opinion pieces with limited empirical 
studies. The scoping review consistently 
identified a minimum intervention care 
pathway to consist of the domains of detection 
and diagnosis, prevention, restoration and 
recall. It also shows that several components 
can be included in these domains. Themes that 

were identified were evidence base, clinical 
skill and attitude, practice implementation, 
acceptability and environment influences. 
There is a paucity of evidence supporting the 
clinical and cost-effectiveness of minimum 
intervention for children with dental caries 
in primary dental care. In addition, several 
other gaps in the research were identified 
including effectiveness, acceptability and 
barriers to implementation. A controlled trial 
to determine the clinical and cost-effectiveness 
of the entire minimum intervention oral care 
pathway in children is required. However, the 
scoping review identified factors to consider in 
implementation and acceptability of minimum 
intervention dentistry. Further feasibility 
work would help to provide insight into key 
parameters before conducting a full-scale trial.
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