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Abstract: Background and Objectives: Early childhood caries (ECC) is a multifactorial, biofilm-mediated,
sugar-related, dynamic disease of primary dental hard tissues occurring in varying degrees of
severity in infants and toddlers. Untreated ECC may lead to pain, infections, and severe systemic
complications. The aim of this study was to systematically review and evaluate the scientific evidence
on the cost-effectiveness of treatment decisions in ECC in infants and toddlers. Materials and Methods:
Observational epidemiological studies, i.e., cohort studies, case–control studies, and randomized
controlled trials, reporting cost-effectiveness of treatment decisions in ECC in infants and toddlers
were included in the systematic review following the PRISMA guidelines. Using an ad hoc search
with search terms or keywords (MeSH), electronic databases Embase, MEDLINE via PubMed, Scopus,
and gray literature were searched. Results: The search identified 494 articles, of which 446 remained
after removing duplicates. A total of 417 articles were excluded after title and abstract evaluation;
29 full-text articles were screened for eligibility, and five articles were discarded. Twenty-four
full-text articles were included in the systematic review, assigning 17 to prevention and seven to
restoration. Results were heterogeneous; comparability of included studies is difficult because of the
different methodologies used. Conflicting efficacies were demonstrated for different interventions
implemented, and cost-effectiveness data were documented. Conclusions: Socioeconomic, cultural,
and ethnic differences must be considered when comparing conditions in terms of cost-effectiveness.
A paradigm shift from surgical towards preventive treatment decisions can be observed. Cost-
effectiveness studies on therapies for ECC in infants and toddlers are needed to identify the best
practice approach and the most cost-effective therapy decisions.

Keywords: cost-effectiveness; early childhood caries; infant; treatment; toddler; young children

1. Introduction

Early childhood caries (ECC) has gained importance in the past decade worldwide [1–6].
ECC, in the past also occasionally called as “baby bottle syndrome”, “breastfeeding caries”,
“bottle mouth caries”, “rampant caries”, or “wild caries”, is characterized by carious lesions
that produce an invasion of the dental hard tissue on deciduous tooth surfaces and occur
within the first three years of life in infants and toddlers [1–6]. Dental caries remains the
most common disease of mankind and plays an important role in ensuring good oral and
general health [6]. Early childhood caries can be differentiated into three levels of severity,
with the mild/moderate form often occurring between the ages of 2 and 5 years, where
it is also stated to occur up to 71 months, which corresponds to under 6 years [1–7]. The
mild/moderate form often occurs between the ages of 2 and 5 years on deciduous molars
and/or incisors (ECC type I), the moderate to severe form occurs on maxillary (maxillary)
incisors with caries-free mandibular (mandibular) incisors often shortly after deciduous
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tooth eruption (ECC type II), and the severe form involves almost all deciduous teeth
including the mandibular incisors in predominantly 3- to 5-year-old infants (EDD type
III) [1]. Prevalence is reported between 5% and 20% in Germany [8–10] and between 3%
and 45% worldwide [11] in epidemiological studies. In the past, early childhood caries
could only be diagnosed with the dental screening examination for children beginning at
30 months of age; however, between 7% and 20% of children already have early childhood
caries at this time [12]. An association of population strata with both low social status
and low education levels can be observed, with 2% of children already showing 52% of
caries [13]. However, middle class populations were also clustered in early childhood caries
due to misinformation about causes of the disease [14].

The causes for the occurrence of early childhood caries are manifold. These include
both behavioral and social risk factors [15]. In addition to a possible transmission of
cariogenic microbes from mother to child, e.g., by licking the bottle or the pacifier, the
consumption of sugary and acidic foods or frequent snacks such as the consumption of
sweets are also significant factors. In addition to nocturne bottle sucking, inadequate oral
and dental hygiene as well as irregular intake of fluoridation measures for prophylaxis are
also significant for the development and progression of the disease [15].

The possible consequences of early childhood caries are pain and multiple inflamma-
tions with an early loss of milk teeth and thus resulting in both aesthetic and functional
impairment [2–6]. However, it can also lead to possible damage to the germs of permanent
teeth, which is often accompanied by impaired tooth eruption, developmental disorders of
the upper and lower jaw, impaired speech development, insufficient nutritional behavior,
and dysfunctional chewing or swallowing ability [2–6]. In addition to the psychosocial
developmental deficits caused by the caries that have occurred or the loss of teeth, espe-
cially in the visible anterior region, a lack of compliance for future visits to the dentist often
develops [15]. While mild to moderate early childhood caries (ECC type I–II) is often still
feasible with premedication (midazolam), nitrous oxide, or behavioral guidance/hypnosis,
in the case of severe early childhood caries (ECC type III), often only remediation under
ITN (intubation anesthesia, general anesthesia) remains due to the intensive and time-
consuming treatment with simultaneous frequent lack of compliance [2–6]. However, the
dangers of both sedation and general anesthesia due to dental caries disease must not be
underestimated under any circumstances, because such sedative/anesthetic treatments
pose an enormous health risk for an infant or young child and not infrequently lead to
complications and even death [16,17].

Intervention strategies with in-depth diagnostics and preventive as well as therapeutic
measures are necessary [18–20]. Above all, prevention in combination with an interdisci-
plinary approach should enable dentists to work better with family doctors, pediatricians,
gynecologists, as well as midwives in this area to prevent caries as early as possible. In order
to detect and diagnose the disease even before group or individual prophylaxis is reached
at preschool age, the benefits catalog of the statutory health insurance in Germany was
expanded about four years ago to include three additional dental screening examinations
for toddlers from 6 months to 33 months of age [15]. The early detection examinations are to
take place between the 6th and 9th (FU1), the 10th and 20th (FU2), and from the 21st month
of life (FU3). The dental screening examinations focus on the causal development of caries
and therefore include, in addition to a detailed examination of the child, counseling of the
parents with specific instructions for regular, daily tooth brushing and enamel hardening
with fluoride varnish twice per calendar half-year, to which toddlers are legally entitled.

Cost efficiency has become an enormously important aspect of public health care. Cost-
effectiveness analysis is defined as “a way to examine both the costs and health outcomes
of one or more interventions. It compares an intervention to another intervention (or the
status quo) by estimating how much it costs to gain a unit of a health outcome, like a life
year gained or a death prevented” [21]. By means of cost-effectiveness analyses of different
therapies, additional information can be obtained in the sense of the cost-effectiveness
requirement of the statutory or state health insurance system, in which every medical
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treatment must be sufficient, appropriate, and economical, which can influence participative
decision-making between dentist and patient (or child accompanied by parents). To date,
few systematic reviews have focused on cost-effectiveness in children. To the best of our
knowledge, no systematic review for cost-effectiveness of treatment decisions for ECC in
infants and young children has been conducted.

Therefore, the aim of this study is to systematically review and summarize research
findings on the cost-effectiveness of treatment decisions for early childhood caries in infants
and toddlers.

2. Materials and Methods
2.1. Protocol and Registration

This systematic review was registered with the International Center for Open Science
(Center for Open Science, 210 Ridge McIntire Road, Suite 500, Charlottesville, VA, USA) and
addresses the cost-effectiveness of treatment decisions of early childhood caries in infants
and toddlers and includes in vivo studies from birth to 71 months [22]. Data collected are
in accordance with the most recent Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement (PRISMA 2020) guidelines for reporting systematic reviews of
health care interventions [23].

2.2. Inclusion and Exclusion Criteria

The inclusion criteria were as follows: observational epidemiologic studies (cohort
studies, case–control studies, and randomized controlled trials) that reported on the cost-
effectiveness of treatment decisions in early childhood caries in infants and toddlers. Studies
that evaluated cost-effectiveness using cost-effectiveness modeling (e.g., Markov model) or
that only performed cost simulation without the direct link to clinical intervention were
explicitly excluded.

The following PICO questions (population, intervention, comparison, and outcome)
were formulated [24]:

• P = infants and toddlers aged 0 to 71 months;
• I = treatments for early childhood caries (ECC);
• C = cost-effectiveness of treatment decisions;
• O = summary or relative order/priority of the strategies.

Due to the great heterogeneity in the study and the types of dental materials used
in this research area, no common comparator was defined for the included studies. Nev-
ertheless, all studies were included and comparatively evaluated regarding the outcome
“cost-effectiveness of treatment decisions”.

The SPIDER (sample, phenomenon of interest, design, evaluation, research) method
was also used to create the search strategy [25,26]. Thus, the following conceptualizations
were included in conjunction with the concept of “Therapeutic Decision Making”:

• S = population*, subject*, high risk*, group*, age group*.
• PI = The terms “decision making, cost, cost-effec*, beneficial, prevention, treatment,

caries, dental caries” are used to evaluate the concept of “treatment decision making”.
• D = Quantitative original publications are considered.
• E = The search strategy is not restricted regarding the evaluation (E) of the publication

since there are probably few comprehensive data on this area.
• R = RCT, cohort studies, and case–control studies are the studies of first choice. No

time restriction is applied as an exclusion criterion. Publications in English, German,
French, or Italian will be considered.

2.3. Data Sources, Search Strategy and Study Selection

Detailed search terms and a search strategy were created using Boolean operators. An
ad hoc literature search was performed using search terms, keywords (MeSH—medical
subject headings), in the electronic databases MEDLINE via PubMed, Embase, Scopus,
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and Open Grey Literature (https://www.opengrey.eu, accessed on 14 July 2023). The last
search for all electronic databases took place on 14 July 2023. In addition, a hand search was
performed. Articles in English, German, French, or Italian were considered. Furthermore,
the references of all the included studies were also hand-searched. The electronic databases
were searched according to their advanced search syntax using a search strategy identical
for the three databases. Duplicates were removed from the literature search results. Cross-
references were also made using the bibliographies of the full-text articles. Data were
reported according to the updated Preferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 (PRISMA) guidelines [23]. The PRISMA checklist is available
in the Supplementary Material (Figure S1). The search strategy included search terms
for each selected electronic database. For MEDLINE via Pubmed, the following search
terms were used: ((“carie” [All Fields] OR “dental caries” [MeSH Terms] OR (“dental”
[All Fields] AND “caries” [All Fields]) OR “dental caries” [All Fields] OR “caries” [All
Fields]) AND ((“manage” [All Fields] OR “managed” [All Fields] OR “management s”
[All Fields] OR “managements” [All Fields] OR “manager” [All Fields] OR “manager s”
[All Fields] OR “managers” [All Fields] OR “manages” [All Fields] OR “managing” [All
Fields] OR “managment” [All Fields] OR “organization and administration” [MeSH Terms]
OR (“organization” [All Fields] AND “administration” [All Fields]) OR “organization and
administration” [All Fields] OR “management” [All Fields] OR “disease management”
[MeSH Terms] OR (“disease” [All Fields] AND “management” [All Fields]) OR “disease
management” [All Fields]) AND (“infant” [MeSH Terms] OR “infant” [MeSH Terms:noexp]
OR “child, preschool” [MeSH Terms] OR “child” [MeSH Terms:noexp])) AND (“infant”
[MeSH Terms] OR “infant” [MeSH Terms:noexp] OR “child, preschool” [MeSH Terms] OR
“child” [MeSH Terms:noexp]) AND ((((“carie” [All Fields] OR “dental caries” [MeSH Terms]
OR (“dental” [All Fields] AND “caries” [All Fields]) OR “dental caries” [All Fields] OR
“caries” [All Fields]) AND (“clinical trial” [Publication Type] OR “randomized controlled
trial” [Publication Type]) AND (“infant” [MeSH Terms] OR “child” [MeSH Terms:noexp]
OR “infant” [MeSH Terms:noexp] OR “child, preschool” [MeSH Terms])) OR (“early” [All
Fields] AND (“childhood” [All Fields] OR “childhoods” [All Fields]) AND (“carie” [All
Fields] OR “dental caries” [MeSH Terms] OR (“dental” [All Fields] AND “caries” [All
Fields]) OR “dental caries” [All Fields] OR “caries” [All Fields]))) AND (“infant” [MeSH
Terms] OR “infant” [MeSH Terms:noexp] OR “child, preschool” [MeSH Terms] OR “child”
[MeSH Terms:noexp])) AND (“infant” [MeSH Terms] OR “infant” [MeSH Terms:noexp]
OR “child, preschool” [MeSH Terms] OR “child” [MeSH Terms:noexp]) AND ((“cost
benefit analysis” [MeSH Terms] OR (“cost benefit” [All Fields] AND “analysis” [All Fields])
OR “cost benefit analysis” [All Fields] OR (“economic” [All Fields] AND “evaluation”
[All Fields]) OR “economic evaluation” [All Fields]) AND (“infant” [MeSH Terms] OR
“infant” [MeSH Terms:noexp] OR “child, preschool” [MeSH Terms] OR “child” [MeSH
Terms:noexp]))) AND (allinfant [Filter] OR infant [Filter] OR preschoolchild [Filter] OR
child [Filter]).

The titles and abstracts of all the identified studies were first reviewed independently
by the authors. Abstracts were assessed if the title indicated possible inclusion. After careful
review of the abstracts, those manuscripts that were eligible for review and available in
full text were selected. Full texts were then assessed and reviewed independently for
content and inclusion in the study. In case of disagreement, there was an opportunity
for agreement on inclusion of studies or data extraction by consulting with an additional
researcher. Microsoft Excel spreadsheets (Microsoft Corporation, Redmont, WA, USA) were
used for recording and data extraction. They were completed so that each eligible study
was assigned a study ID that included the author’s name, year of publication, and country
of study conduct.

The following data were also extracted:

• Setting: duration of study, site of data collection or examination or treatment, number
of patients, age of patients, type of treatment, type of control group, number of teeth
or lesions, if any, follow-up, cost of treatment, cost of control group, clinical outcome;

https://www.opengrey.eu
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• Materials: prevention or restoration (classification, name);
• Methodological aspects: study design, evaluation criteria, for e.g., restoration survival

or intervention.

2.4. Data Collection and Evaluation of Study Quality

Data collection and synthesis were performed using an ad hoc designed extraction
table without masking the name of the journal, title, or even authors. Studies were classified
chronologically according to their country of study conduct, number of study participants,
location (e.g., practice/clinic) of study conduct, age of study participants, and study qual-
ity assessment. Furthermore, included studies were classified into two main groups of
prevention according to their primary outcome [18,27–41] and restoration [42–48] with dif-
ferent subgroups divided at prevention (outreach/education/education, sealing, fluoride
varnish, and silver diamine fluoride (SDF) and atraumatic restorative treatment (ART) as
well as restoration (filling and crown). For ease of synthesis and clarity, the results were
summarized in tables. Accordingly, for each article, these data were queried and recorded
when available: (a) authors, year of publication, source of publication, site of study conduct,
duration of study in months, site of study conduct (practice/clinic), number of participants,
age of participants in years, and quality assessment (risk of bias) of studies, (b) study design
and treatment (intervention) and control groups, and (c) cost of treatment (intervention),
cost of control group, and clinical outcome. Areas (b) and (c) were respectively divided
into prevention (information/education/education, sealing, fluoride varnish, and silver
diamine fluoride (SDF) and atraumatic restorative treatment (ART)) and restoration (filling
and crown).

An individual quality assessment tool developed by the National Heart, Lung, and
Blood Institute of the National Institute of Health (Bethesda, Maryland, USA) for obser-
vational cohorts, case–control study, and controlled intervention studies was used (Study
Quality Assessment Tools, NHLBI, NHI; https://www.nhlbi.nih.gov/health-topics/study-
quality-assessment-tools, last accessed 12 September 2023). The quality of the studies was
assessed according to the following criteria: low/poor quality (“poor”): 0–6, adequate
quality (“fair”): 7–11, and good quality (“good”). The quality assessment of the studies is
intended to provide information on the internal validity of a study and to consider the risk
of bias through critical evaluation.

3. Results

The search identified a total of 494 articles; 446 were selected after duplicates were
removed and 417 articles were excluded after review or evaluation of title and abstract.
The list of excluded studies after initial review can be found in Supplementary Materials
(Table S1). Twenty-nine articles were reviewed for eligibility by full text, of which five
articles were discarded after review of the full text. No articles were added by hand search,
i.e., without Boolean search terms via electronic databases. There were 24 full-text articles
included in the review work, of which 17 articles were assigned to prevention and 7 to
restoration. The flowchart of the search can be seen in Supplementary Materials (Figure S2).

There were ultimately 24 articles included in this systematic review, with two articles
each reporting the same study [34,49] as well as [34,48]. While the articles [34,49] were about
similar results, the articles [43,48] represented the baseline study [43] and the follow-up
study with final clinical trial results [48]. Of the 24 articles included in the systematic review,
17 articles could be classified as prevention [18,27–41,49]. Seven studies were classified as
restoration [42–48]. All included studies were published in the last decade [18,27–49]. Most
of the included articles (12 studies) and thus half of the articles were published in the last
3 years from 2020 to 2023 [18,33–41,48,49].

Study Characteristics

The included studies were a total of seven retrospective cohort studies [27,31,33,37,39,
41,42], one uncontrolled [29], one cohort study [23], and randomized controlled trials [18,28,

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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30,32,34–36,38,40,43–49] (Table 1). The summaries of the selected studies are presented in
Table 2. Most studies were conducted in the United Kingdom of Great Britain and Northern
Ireland [28,29,31,34,35,47,49], the United States [27,28,37,42], and Brazil [32,43,46,48]. Six-
teen studies were conducted in public health facilities or schools [18,27–32,35,36,38,40,41,43,
44,48,49], one study in a specialized dental practice [42], one study in a day care center [46],
four studies in general or private dental practices [33,34,45,47], one study in an outpatient
clinic or operating room [37], and one study that examined dental services only [46]. Of the
included studies, a total of 14 were considered “good” [27,28,31,32,35,36,40,41,43–48] and
ten studies rated as “fair” [18,29,30,33,34,37–39,42,49] (Tables 2 and 3).

In the prevention domain, there were one study each on outreach/education and
sealant, eight studies on fluoride varnish [18,28,29,33,35,38,41,49], and seven studies on sil-
ver diamine fluoride (SDF) and atraumatic restorative treatment (ART) [30–33,36,39,40]. In
the restorative field, three studies were on filling [43,46,48] and four on crown [42,44,45,47].
Due to the heterogeneity in both the methodology used on treatment and control groups
and the different clinical outcomes, a further synthesis of the results on cost-effectiveness
(Table 4) of individual techniques or methods is not possible. In total, the 24 articles in-
cluded 77,546 children in the systematic review. Eighteen studies had a sample size of
more than 100 participants [18,27–31,33–35,37–39,41,43,44,46–48]. Most studies have been
conducted in children between the ages of 3 and 7 years.
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Table 1. Synthesis of the studies included in the systematic review with information on ID no., authors, year of publication, country of study conduct, study design,
treatment (intervention), and control group divided into prevention (information/education/education, sealing, fluoride varnish, and silver diamine fluoride (SDF)
and atraumatic restorative treatment (ART)) and restoration (filling and crown).

ID Authors Year Country Study Design Treatment Control

Prevention

Education

1 Nowak et al. [27] 2014 USA Retrospective cohort study Early starters (age at first visit to
dentist < 4 years) Late starters (age at first dental visit > 4 years)

Sealing

2 Halasa-Rappel et al. [37] 2021 USA 5-year retrospective cohort study Pitting and fissure sealing (sealed) No pitting and fissure sealing (not sealed)

Fluoride varnish

3 Zaror et al. [18] 2020 Chile Two-year follow-up, triple-blind,
randomized, controlled trial Fluoride varnish Control (placebo)

4 McMahon et al. [35] 2020 UK Double-blind, two-arm, randomized,
controlled trial

Fluoride varnish application plus
treatment-as-usual (TAU) and Childsmile

program interventions
TAU and Childsmile program interventions

5 Buckingham & John [29] 2017 UK Uncontrolled cohort study Fluoride varnish applications (one, two, and
three)

6 Tickle et al. [28] 2016 UK Two-arm, randomized, controlled,
parallel-group study

Intervention: composite, fluoride varnish
22,600 (ppm), toothbrush, and 50-mL

toothpaste at 1450 ppm; and standardized,
evidence-based prevention counseling at

semiannual intervals for 3 years

The control group received prevention
counseling alone

7 Homer et al. [33] 2020 UK Three-arm, randomized, controlled,
parallel-group study

Conventional with best practice prevention
(C + P), C + P (e.g., local anesthesia, removal

of carious tissue and restoration)

Biological with best practice prevention (B + P):
B + P (e.g., partial/no removal and restoration
of carious tissue) or best practice prevention

alone (PA)
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Table 1. Cont.

ID Authors Year Country Study Design Treatment Control

8 Maguire et al. [49] 2020 UK
Multicenter, three-arm,

participant-randomized, controlled,
parallel-group study

(1) Best practice prevention (local anesthesia,
removal of carious tissue, placement of

fillings)

(2) Best practice prevention (sealing of caries,
selective removal of carious tissue, and fissure
sealing) and (3) best practice prevention alone
(dietary and toothbrushing recommendations,

topical fluoride, and fissure sealing of
permanent teeth)

9 Effenberger et al. [45] 2022 South
Africa

Multicenter, two-arm, single-blind,
cluster-randomized, controlled superiority

trial with parallel groups

Fluoride varnish every 3 months and
supervised brushing with fluoridated

toothpaste

No fluoride varnish, supervised brushing with
fluoride toothpaste

10 Nantanee &
Sriratanaban [41] 2023 Thailand Retro and prospective cohort study Fluoride varnish

Silver diamine fluoride (SDF) and atraumatic restorative treatment (ART)

11 Nguyen et al. [39] 2022 Australia Australian single cohort study SDF + standard support SDF—without standard support

12 Tonmukayakul & Arrow
[30] 2017 Australia Pragmatic, randomized, controlled trial Atraumatic restorative treatment (ART) Standard care (SC)

13 Bottega et al. [32] 2018 Brazil Randomized, descriptive, and analytic
clinical trial

Papacarie group (caries removal with the
chemical–mechanical

method—Papacarie gel)

Drill group (caries removal with the traditional
method—drilling)

14 Aly et al. [47] 2023 Egypt Randomized, two-arm, parallel-group,
controlled trial (allocation ratio 1:1)

Silver-modified atraumatic restorative
treatment (SMART) Atraumatic restorative treatment (ART)

15 Davis et al. [33] 2020 USA Retrospective cohort study Silver diamine fluoride (SDF) No SDF

16 BaniHani et al. [31] 2018 UK

Retrospective
(cost-effectiveness)/prospective cohort

study (patient + caregiver
acceptance/outcome)

Non-selective removal of hard dentin
with/without pulp therapy

Selective removal of solid dentin and the Hall
technique

17 Elhennawy et al. [36] 2021 Germany
Two-arm, single-blind, randomized,

controlled superiority trial with parallel
groups

Selective caries removal (SE) Stepwise caries removal (SW)
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Table 1. Cont.

ID Authors Year Country Study Design Treatment Control

Restoration

Filling

18 de Moura et al. [46] 2019 Brazil Randomized controlled trial Vitro Molar® Ketac Molar®

19 Olegário et al. [43] 2017 Brazil Three-arm, parallel, randomized clinical
trial G1-GC Fumi IX Gold Label 9 (GC Corp) G2-Vitro Molar (DFL) and G3-Maxxion R

(FGM)

20 Olegário et al. [48] 2020 Brazil
Double-blind (participants and evaluators),

randomized, three-arm (1:1:1 allocation)
clinical trial

G1-GC Fumi IX Gold Label 9 (GC Corp) G2-Vitro Molar (DFL) and G3-Maxxion R
(FGM)

Crown

21 Schwendicke et al. [43] 2018 Germany Randomized study Hall technology (HT)
Non-restorative cavity control (NRCC) and

conventional carious tissue removal and
restoration (CR)

22 Elamin et al. [45] 2019 Sudan Randomized clinical trial Preformed metal crowns (PMCs) placed with
conventional techniques (CTs)

PMCs placed by the biological reverberation
technique (HT)

23 Schwendicke et al. [47] 2019 UK Randomized, controlled, split-mouth
practice trial Hall technology (HT) Conventional removal and restoration of

carious tissue (CR)

24 Holsinger et al. [42] 2016 USA Retrospective cohort study Zircon crowns

Table 2. Studies included in the systematic review with information on ID number, authors, year of publication, source of publication, site of study conduct, duration
of study in months, site of study conduct (practice/clinic), number of participants, age of participants in years, and quality assessment (risk of bias) of the studies.
The NIH quality assessment tool rates the observational, cross-sectional, and controlled intervention studies as good, fair (adequate), or poor.

No. Authors Year Source Country Duration
(Months) Practice/Clinic n (Participants) Age (Years) Quality

1 Nowak et al. [27] 2014 Pediatric
Dentistry USA 96 20 dental care centers

N = 42,532 (n = 17,040 early
starters, first dental

visit < 4 years old, n = 25,492
late starters, first dental

visit > 4 years old).

0 to 7 Good
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Table 2. Cont.

No. Authors Year Source Country Duration
(Months) Practice/Clinic n (Participants) Age (Years) Quality

2 Holsinger et al. [42] 2016 Pediatric
Dentistry USA

6–37, 6–8
(n = 14), 14

(n = 30)
Pediatric dental practice 18 from 53 children (57 crowns) 2 to 6 Fair

3 Tickle et al. [28] 2016
Health

Technology
Assessment

Northern
Ireland, UK 36

22 NHS dental practices in
Northern Ireland and the

United Kingdom
1096 from 1248 children 2 to 3 Good

4 Buckingham &
John [29] 2017 British Dental

Journal UK 1
Two sites in Southampton and

Oxfordshire and three in
Portsmouth

458 (589) 4 to 7 Fair

5 Olegário et al. [43] 2017 Journal of
Dentistry Brazil 2, 6, and 12

months Public schools in the city 150 milk molars in 150 children 4 to 8 Good

6 Tonmukayakul &
Arrow [30] 2017

Community
Dental and Oral
Epidemiology

Australia 12 Real-world practice of public
health service 254 children <5 Fair

7 BaniHani et al. [31] 2018 Caries Research UK 77 Two dental clinics
Retrospectively n = 246

(114 conventional, 132 organic),
prospectively n = 110

4 to 9 Good

8 Bottega et al. [32] 2018 Scientific Reports Brazil 1 Municipal schools 24 (12 girls/12 boys),
48 restorations 5.9 Good

9 Schwendicke et al. [44] 2018 Journal of
Dentistry Germany 30

Department of Preventive and
Pediatric Dentistry, University

Medical Center Greifswald,
Germany

142 from 169 children 3 to 8 Good

10 de Moura et al. [46] 2019 Brazilian Oral
Research Brazil 1 Day care centers

243 (728 restorations) included,
1077 preschoolers participated

with 21,540 teeth evaluated
2 to 6 Good

11 Elamin et al. [45] 2019 Plos One Sudan 24 General dental practices
86 children with 109 PMCs (HT)
and 78 children with 103 PMCs

(CT)
5 to 8 Good
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Table 2. Cont.

No. Authors Year Source Country Duration
(Months) Practice/Clinic n (Participants) Age (Years) Quality

12 Schwendicke et al. [47] 2019 Journal of Dental
Research Scotland, UK 60

17 general dental practices in
Scotland in rural, urban, and

mixed locations
264 milk molars (132 children) 4 to 9 (10) Good

13 Davis et al. [33] 2020
The Journal of

Clinical Pediatric
Dentistry

USA 12
Documentation/patient records

of one practice, two private
practices

104 (SDF), 250 (non-SDF) 6 Fair

14 Homer et al. [34] 2020 BMC Oral Health UK 35.5 (min 23,
max 36)

General dental practices in
England, Scotland, and Wales 1058 from 1144 children 3 to 7 Fair

15 Maguire et al. [49] 2020
Health

Technology
Assessment

UK 33.8
(23.8–36.7) 72 primary care dental practices 1058 from 1144 children 3 to 7 Fair

16 Nowak et al. [27] 2020 Community Oral
Health UK 24 (6 month

interval)
Dental practice, dental

outpatient clinics in hospitals
1150 of 1284 children (n = 577

FV, n = 573 TAU, 10% drop-out). 3.5 Good

17 Olegário et al. [48] 2020 Journal of
Dentistry Brazil 24 27 public schools in the city 150 out of 1200 children

evaluated 4 to 8 Good

18 Zaror et al. [18] 2020 Journal of
Dentistry Chile 24

Public rural preschools in areas
without access to fluoridated

water
275 2 to 3 Fair

19 Elhennawy et al. [36] 2021 Clinical Oral
Investigations Germany 24

Dental Clinic of the
Charité—Universitätsmedizin

Berlin, Germany
74 children (1 molar/child) 3 to 9 Good

20 Halasa-Rappel
et al. [37] 2021

Journal of the
American Dental

Association
USA 60 Outpatient clinic or operating

room 390 children (1884 milk molars) <6 Fair

21 Effenberger et al. [38] 2022
Community

Dental and Oral
Epidemiology

South Africa 24 Two schools in the township 513 (from 717) 4 to 8 Fair

22 Nguyen et al. [39] 2022 Australian Dental
Journal Australia 6 Examination of dental services 102 Victorian children 2 to 10 Fair
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Table 2. Cont.

No. Authors Year Source Country Duration
(Months) Practice/Clinic n (Participants) Age (Years) Quality

23 Aly et al. [40] 2023 Journal of
Dentistry Egypt 12

Outpatient Clinic of the
Department of Pediatric

Dentistry and Public Dental
Health

67 (SMART group (n = 34,
59 molars) and ART control
group (n = 33, 60 molars)).

5 to 9 Good

24 Nantanee &
Sriratanaban [41] 2023

Community
Dental and Oral
Epidemiology

Thailand 9–12, 18, 24
and 30

Two randomly selected districts
in each of Thailand’s three

provinces
460 children 9 to 30 months

(19.2 ± 1.7 months) Good

Table 3. Study quality assessment tool NHLBI, NHI; https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools; last accessed 12 September 2023.

Authors 1 2 3 4 5 6 7 8 9

Nowak et al. [27] 1 1 1 1 0 1 1 1 1

Holsinger et al. [42] 1 1 1 1 1 NR 1 1 1

Tickle et al. [28] 1 1 1 0 NR 1 1 1 1

Buckingham & John [29] 1 1 1 1 0 NR 1 1 1

Olegário et al. [43] 1 1 1 1 NR 1 1 1 1

Tonmukayakul & Arrow [30] 1 NR NR NR NR 1 1 1 1

BaniHani et al. [31] 1 1 1 1 1 1 1 NR 1

Bottega et al. [32] 1 1 1 1 1 1 1 1 1

Schwendicke et al. [43] 1 1 NR NR NR 1 1 1 1

de Moura et al. [46] 1 1 1 1 1 1 0 1 1

Elamin et al. [45] 1 1 1 1 1 NR 1 1 1

Schwendicke et al. [47] 1 1 1 NA NR 1 0 1 1

Davis et al. [33] 1 1 NA 1 1 1 1 1 1

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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Table 3. Cont.

Authors 1 2 3 4 5 6 7 8 9

Homer et al. [34] 1 1 0 NR NR 1 0 1 1

Maguire et al. [49] 1 1 0 0 0 1 0 1 1

Nowak et al. [27] 1 1 1 1 0 1 1 1 1

Olegário et al. [48] 1 1 1 1 NR 1 1 1 1

Zaror et al. [18] 1 1 1 1 1 1 NR NR 1

Effenberger et al. [38] 1 1 0 0 1 1 0 0 1

Elhennawy et al. [36] 1 1 0 0 1 1 1 1 1

Halasa-Rappel et al. [37] 1 1 1 1 1 0 1 1 1

Nantanee & Sriratanaban [41] 1 1 1 1 0 1 1 1 1

Nguyen et al. [39] 1 1 1 1 0 1 NA NA 1

Aly et al. [40] 1 1 0 0 1 1 1 1 1

Legend: NA (not applicable); CD (cannot determine); NR (not reported)

Grading for CCSS: 0–5 = poor 6–10 = fair 11–14 = good

Grading for CIS: 0–5 = poor 6–10 = fair 11–14 = good

10 11 12 13 14 Total Grading Quality Assessment

0 1 NR 1 1 11 Good For observational and cross-sectional studies

0 1 NR 0 1 10 Fair For observational and cross-sectional studies

NR 1 1 1 1 11 Good For controlled intervention studies

1 1 0 1 0 10 Fair For observational and cross-sectional studies

1 1 1 1 1 13 Good For controlled intervention studies

1 1 0 1 1 9 Fair For controlled intervention studies

1 1 0 1 0 11 Good For observational and cross-sectional studies

1 1 0 1 1 13 Good For controlled intervention studies
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Table 3. Cont.

Authors 1 2 3 4 5 6 7 8 9

1 1 1 1 1 11 Good For controlled intervention studies

1 1 1 1 1 13 Good For controlled intervention studies

1 1 1 1 0 12 Good For controlled intervention studies

1 1 1 1 1 11 Good For controlled intervention studies

0 1 0 NA 1 10 Fair For observational and cross-sectional studies

1 1 0 1 1 9 Fair For controlled intervention studies

1 1 1 1 1 10 Fair For controlled intervention studies

1 1 1 1 1 13 Good For controlled intervention studies

1 1 1 1 1 13 Good For controlled intervention studies

1 1 0 1 0 10 Fair For controlled intervention studies

1 1 0 1 0 8 Fair For controlled intervention studies

1 1 0 1 1 11 Good For controlled intervention studies

0 1 NA NR 1 10 Fair For observational and cross-sectional studies

1 1 1 0 0 11 Good For observational and cross-sectional studies

0 1 0 NR 0 7 Fair For observational and cross-sectional studies

1 1 0 1 1 11 Good For controlled intervention studies
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Table 4. Studies included in the systematic review with information on ID no., authors, year of publication, source of publication, place of study conduct, cost of
treatment (intervention), cost of control group, and clinical outcome.

ID Authors Year Country Treatment Costs Control Costs Clinical Results

Prevention

Education

1 Nowak et al. [27] 2014 USA

Early starters: fillings USD 3.11 ± 3.77,
crowns 2.28 ± 3.35, pulpotomies

USD 1.57 ± 2.66, extractions
USD 0.72 ± 1.44, total

7.69 ± 8.61 USD/child/treatment

Late starters: fillings
USD 3.96 ± 5.09, crowns

USD 3.47 ± 5.13, pulpotomies
USD 2.42 ± 4.27, extractions

USD 1.41 ± 2.72, total
11.27 ± 12.56 USD/child/treatment

1. Early starters received fewer treatments for
restorations, crowns, pulpotomies, and extractions

than late starters. 2. Early starters had lower
expenditures for treatment procedures than late

starters

Sealing

2 Halasa-Rappel et al. [37] 2021 USA Pit-and-fissure sealing: 75 USD/molar No pit-and-fissure sealing:
90 USD/molar

Pit-and-fissure sealing of healthy molars in high-risk
children would save USD 25 per molar and result in

an additional caries-free molar year over a 5-year
follow-up period

Fluoride varnish

3 Zaror et al. [18] 2020 Chile Fluoride varnish: 98.76 CLP/child Control: 98.74 CLP/child
The fluoride varnish protocol is more effective and

less expensive in preventing ECC in
non-fluoridated areas

4 McMahon et al. [35] 2020 UK
Fluoride varnish plus treatment as usual
(TAU) Childsmile program interventions:

32.66 (SD 13.21) GBP/child

TAU Childsmile interventions (Cost:
N/A)

An NNT of 21 and cost of GBP 686 to prevent a
single worsening of d3mft were calculated. FV is

unlikely to be an effective or cost-effective addition
to the program

5 Buckingham & John [29] 2017 UK Fluoride varnish applications (one, two, and
three): 71 GBP/child, 88 GBP/child/2 yr No control

Establishing community fluoride varnish programs
requires significant investment, and the long-term

benefits in practice are unclear. In addition to
fluoridation, dietary improvement is needed to

reduce the extent of caries
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Table 4. Cont.

ID Authors Year Country Treatment Costs Control Costs Clinical Results

6 Tickle et al. [28] 2016 UK

The intervention was composite in nature
and included a varnish containing

22,600 parts per million (ppm) fluoride, a
toothbrush, and a 50-mL tube of toothpaste

containing 1450 ppm fluoride; and
standardized, evidence-based prevention

counseling at semiannual intervals for
3 years: 155.74 GBP/child

The control group received
prevention counseling alone:

48.21 GBP/child

No statistically significant effect could be
demonstrated for the primary endpoint. Once caries

develops, pain is to be expected. There was a
statistically significant difference in dmfs in

caries-active children in favor of the intervention.
Although the intervention was sufficiently effective,
the impact was small and the clinical and economic

benefits were questionable

7 Homer et al. [34] 2020 UK

Conventional with best practice prevention
(C + P), C + P (e.g., local anesthesia, removal

of carious tissue and restoration):
250.48 (221.70) GBP/child

Biological with best practice
prevention (B + P; e.g., partial/no
removal and restoration of carious
tissue): 231.28 (214.47) GBP/child,
or best practice prevention alone
(PA): 211.32 (257.28) GBP/child

At the thresholds (mean cost), B + P has the highest
probability of being considered cost-effective.

Beyond the willingness-to-pay thresholds
considered, the probability of B + P being considered

cost-effective never exceeded 75%

8 Maguire et al. [49] 2020 UK
(1) Best practice prevention (local anesthesia,

removal of carious tissue, placement of
fillings): 250.48 (221.70) GBP/child

(2) Best practice prevention (sealing
of caries, selective removal of

carious tissue, and fissure sealing):
231.28 (214.47) GBP/child, and

(3) best practice prevention alone
(dietary and toothbrushing

counseling, topical fluoride, and
fissure sealing) of permanent teeth:

211.32 (257.28) GBP/child

There was no evidence of an overall difference
between the three treatment approaches in the

incidence or number of episodes of toothache or
infection or both, during the follow-up period

9 Effenberger et al. [38] 2022 South
Africa

Fluoride varnish every 3 months and
supervised brushing with fluoridated
toothpaste: 1667 (SD 1055) ZAR/child

No fluoride varnish, supervised
tooth brushing with fluoridated

toothpaste: ZAR 950 (SD 943)

Regular application of fluoride varnish in addition to
daily tooth brushing under supervision had no
significant caries preventive effect and was not

cost-effective

10 Nantanee &
Sriratanaban [41] 2023 Thailand Fluoride varnish: 50.30 ± 24.14 THB per

visit/child No control

The fluoride varnish application program in one to
three sessions during visits in healthy children

appears to be cost-effective and shows estimated net
benefits of interventions to prevent dental caries.

These results suggest that children between the ages
of 9 and 30 months should have at least three visits
of the fluoride varnish application program during

child care visits
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Table 4. Cont.

ID Authors Year Country Treatment Costs Control Costs Clinical Results

Silver diamine fluoride (SDF) and atraumatic restorative treatment (ART)

11 Nguyen et al. [39] 2022 Australia
Children receiving SDF + standard care:

AUD 409.90 (SD 36.24); SDF protocol
intervention: AUD 3.48 per child

Children receiving SDF—no
standard care; SDF protocol

intervention: AUD 3.48 per child

The SDF protocol intervention is a cost-effective
option for the treatment of dental caries in young

children

12 Tonmukayakul &
Arrow [30] 2017 Australia

Atraumatic restorative treatment (ART):
AUD 1085.51 (includes general anesthesia

(GA))

Standard care (SC): AUD 1403.28
(incl. GA)

Children in the ART-based group received more
dental services than those in the SC group. The

ART-based approach appears to be a worthwhile
intervention, as it resulted in fewer referred cases
and allowed more treatments to be delivered with

cost savings

13 Bottega et al. [32] 2018 Brazil
Papacarie group (caries removal with the
chemical–mechanical method—Papacarie

gel): 0.91 BRL/procedure

Drill group (caries removal with the
traditional method—drilling):

1.37 BRL/procedure

Papacarie offers an excellent cost advantage for
minimally invasive removal of carious tissue and is a

viable alternative for public health care

14 Aly et al. [40] 2023 Egypt

Silver-modified atraumatic restorative
treatment (SMART): 67 EGP

(USD 2.17)/average cost per restoration of
the two study arms

Atraumatic restorative treatment
(ART): 61 EGP (USD 1.97)/average

cost per restoration of the two
study arms

The use of SMART technology could change
paradigms in caries management. Because it is a

patient-friendly and cost-effective approach, it could
be used as a superior treatment option in treating

young children, people with behavioral and medical
problems, and to promote access to oral care for the

disadvantaged

15 Davis et al. [33] 2020 USA
Silver diamine fluoride (SDF): 619.72 USD

(SD 563.51)/child/year (number of
visits/dental treatments and expenditures)

No SDF: 958.04 USD
(SD 824.65)/child/year (number of

visits/dental treatments and
expenditures)

SDF can result in cost savings when used as an
adjunct to, rather than a complete replacement for,

restorative treatment in young children

16 BaniHani et al. [31] 2018 UK
Non-selective removal of hard dentin

with/without pulp therapy:
168.68 GBP/child

Selective removal of solid dentin
and Hall technique:

78.97 GBP/child

Although both approaches achieved similar
successful results, the biological approach, which

consisted mainly of the Hall technique, was
associated with lower treatment costs. Both

approaches were positively received by the children
and caregivers
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Table 4. Cont.

ID Authors Year Country Treatment Costs Control Costs Clinical Results

17 Elhennawy et al. [36] 2021 Germany

Selective caries removal (SE): 68.4 EUR (20.1)
(initial cost)/1 molar/child; total treatment
cost after 24 months: EUR 85 (74); total cost

after 24 months: EUR 106 (90)

Stepwise caries removal (SW):
132.9 EUR (18.3) (initial

cost)/1 molar/child; total treatment
cost after 24 months: EUR 141 (44);

total cost after 24 months:
EUR 176 (51)

In deciduous molars with clearly defined deep
carious lesions, SE was less expensive and similarly
effective to SW. For cost and applicability reasons,

SW may have to be indicated restrictively, e.g., only
for very deep lesions (>3/4 dentin extension)

Restoration

Filling

18 de Moura et al. [46] 2019 Brazil Vitro Molar®: low-cost GIC (exact cost: N/A) Ketac Molar®: high-viscosity GIC
(exact cost: N/A)

The success rate for restorations with low-cost GIC
(Vitro Molar®) was particularly high after six
months. However, one year later, restorations

performed with high-viscosity GIC (Ketac Molar®)
in primary second molars with small or medium

cavities were more successful than those indicated
for ART with low-cost GIC

19 Olegário et al. [43] 2017 Brazil G1-GC Fuji IX Gold Label 9 (GC Corp):
55 BRL/package

G2-Vitro Molar (DFL):
25 BRL/package and G3-Maxxion R

(FGM): 9.4 BRL/package.

The low-cost GICs perform worse than GC Fuji Gold
Label 9 in occlusal ART restorations in deciduous

molars

20 Olegário et al. [48] 2020 Brazil
G1-GC Fuji IX Gold Label 9 (GC Corp):

BRL 4.66 (0.13) (baseline); BRL 5.32 (0.28);
BRL 5.88 (0.38) (2-year total cost).

G2-Vitro Molar (DFL): BRL 3.65
(0.11) (baseline); BRL 5.225 (0.30)

(2-year total cost) and G3-Maxxion
R (FGM): BRL 3.37 (0.08) (baseline);

BRL 4.84 (0.26) (2-year total cost)

The use of GC Gold Label 9 shows a higher survival
rate compared to Maxxion R and Vitro Molar for
occlusal ART restorations in primary molars, i.e.,

low-cost GICs perform worse than GC Gold Label 9
for occlusal ART restorations in primary molars

Crown

21 Schwendicke et al. [44] 2018 Germany Hall technique (HT): 66 (62–71) EUR/child
(1 molar)

Non-restorative cavity control
(NRCC): 296 (274–318) EUR/child

(1 molar) and conventional removal
and restoration of carious tissue

(CR): 83 (73–92) EUR/child
(1 molar)

HT was more cost-effective than CR or NRCC in
treating cavitated caries lesions in deciduous molars

and resulted in better dental health outcomes at
lower cost
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ID Authors Year Country Treatment Costs Control Costs Clinical Results

22 Elamin et al. [45] 2019 Sudan
Preformed metal crowns (PMCs) placed

using conventional techniques (CT):
7.81 SDG/unit

PMCs placed by biological
reverberation techniques (HT):

2.45 SDG/unit

PMCs placed using the Hall technique or
conventional techniques have excellent survival
rates in disadvantaged communities. Extremely

cost-effective in terms of materials, labor, and time,
HT is a successful and cost-effective public health

intervention for carious deciduous molars in
communities and developing countries

23 Schwendicke et al. [47] 2019 UK
Hall technique (HT)—intervention: 24 (23–25)
GBP/child/molar (base case analysis); 32.26

(30.83–33.98) GBP/child/molar

Conventional removal and
restoration of carious tissue (CR): 29
(25–34) GBP/child/molar (base case

analysis); 48.91 (34.40–68.74)
GBP/child/molar

Based on a long-term practice-based study, HT was
more cost-effective than CR because HT was

maintained longer and fewer complications occurred
at a lower cost

24 Holsinger et al. [42] 2016 USA
Zircon crowns; zircon crown: USD 23.48

(approximate cost of crown mold), USD 28.38
(total estimated cost of materials/treatment)

No control—cost indicated for:
resin-veneered stainless-steel crown:

USD 18.70 (approximate crown
mold cost), USD 24.13 (estimated

total material/treatment cost); strip
crown: USD 6.18 (approximate
crown mold cost), USD 21.83

(estimated total
material/treatment cost)

Zirconia crowns are clinically acceptable restorations
in the primary maxillary anterior dentition
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4. Discussion
4.1. Aim of the Study and Main Findings

The aim of this study was to systematically review and summarize current research
on the cost-effectiveness of treatment decisions for early childhood caries (ECC) in infants
and toddlers. Using ad hoc search terms (MeSH), keywords, and a defined search strategy,
the electronic databases Scopus, MEDLINE via PubMed, Embase, and gray literature were
searched. Observational epidemiologic studies, i.e., cohort studies, case–control studies,
and randomized controlled trials that reported on the cost-effectiveness of treatment deci-
sions of early childhood caries in infants and toddlers, according to the PRISMA guidelines,
were included in the study. Cost-effectiveness modeling (e.g., Markov model) or cost
simulation without direct link to clinical intervention were explicitly excluded. This sys-
tematic review is one of the very few systematic reviews focusing on cost-effectiveness in
children [50]. However, to the best of our knowledge, no systematic review of treatment
decisions for ECC in infants and toddlers has been conducted so far. A total of 494 articles
were identified, and after title and abstract evaluation, hand searching, and full-text review,
24 full-text articles were finally included in the systematic review [12,20–42], with 17 articles
classified as prevention [18,27–41,49] and seven articles classified as restoration [35–41].
Dental caries remains the most common disease in humans [51,52], and early childhood
caries in infants and toddlers from birth to approximately age seven can have serious health
and economic consequences [2,3,9]. Non-treatment can lead to serious infections, develop-
mental disorders, and massive losses in quality of life as well as financial burdens [8,9,15].
Depending on the severity, treatment is often only possible with sedation measures or even
general anesthesia [8,16].

4.2. Classification of Studies

Although the included studies could be classified/assigned into the two areas of
prevention and restoration [18,27–49], each with subgroups on (1) prevention: educa-
tion/outreach, sealing, fluoride varnish, and silver diamine fluoride (SDF) and atraumatic
restorative treatment (ART) [18,27–41,49] and on (2) restoration with filling and crown
restoration [35–41], a concrete comparison was very difficult due to the lack of homogeneity
in the results. Direct comparisons between the groups could be drawn neither related to
the therapeutic intervention nor to the methodology used to measure cost-effectiveness.
However, due to the given heterogeneity in the results, neither a further synthesis nor a
meta-analysis could be performed. In addition to the limitation that the systematic review
included too few studies or that no more literature was available in the electronic databases
without a time limit, the prevailing socioeconomic, cultural, and ethnic backgrounds in
the respective country or state must be considered for comparison or evaluation of the
treatment methods and cost-effectiveness.

4.3. Geographical and Substantive Differences

While most studies have been conducted in the United Kingdom of Great Britain and
Northern Ireland, the public health system in the countries of England, Wales, Scotland,
and Northern Ireland must be considered for population care [28,29,31,34,35,47,49]. In
direct comparison to the United States (USA) [27,33,37,42], unlike the United Kingdom
of Great Britain and Northern Ireland, the USA does not have direct universal coverage
or government health protection through health insurance for the entire population. This
is in clear contrast to the German health care system [36,43], which finances dental care
or oral health care through the German social insurance system in addition to accident,
pension, unemployment, and long-term care insurance in the statutory health insurance as
well as the private health insurance or guarantees health care including oral health and
teeth for the legally insured [36,43]. Accordingly, there is a statutory legal entitlement to
comprehensive care with services that are sufficient, appropriate, and economical and do
not exceed what is necessary. Although similar, the same conditions are not offered to
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permanent residents in Australia, so that while medical services are fully subsidized, dental
services are only partially subsidized by government insurance [30,39]. To be able to make
valid statements about the oral health care, the prevention and restoration measures for
ECC in the respective countries, the gross national product (GNP), the care options (type
of practices, comprehensive or patchy care), the health protection (health insurance), if
existing, individual and group prophylaxis programs (public health care), as well as the
access to oral health care would have to be examined when taking the cost-effectiveness
into account.

Only one study each on outreach/education/education [27] and sealing [37] were
identified; however, the findings are not comparable. The data on pitting and fissure sealing
in healthy molars in children at high risk of caries would save approximately USD 25 with
a documented follow-up period of five years in the USA [37]. Unfortunately, these data
are not comparable due to a lack of evidence, and the statement is therefore not very
meaningful regarding cost-effectiveness.

However, regarding the first visit to the dentist, one study was conducted in a large
number of children, also in the USA [27], showing that children treated by a dentist for the
first time below the age of four years required fewer treatments such as restorations, crowns,
pulpotomies, or extractions than children treated by a dentist for the first time when they
were over four years old [27]. This fact can also be observed by dentists in individual and
group prophylaxis programs in Germany [15]. Lower expenditure demonstrates the cost-
effectiveness of getting children used to the dentist and oral care measures as a part of daily
personal hygiene at an early age. Additionally, it is encouraging that nowadays in Central
European countries, primary prophylaxis is increasingly performed routinely, often in an
interdisciplinary way by gynecologists and midwives in cooperation with dentists [15]. In
this program, mothers-to-be are already informed and educated about various topics such
as sugar consumption and nutrition, oral hygiene, and dental care for their future infants
and toddlers [15]. Pre-school prophylaxis then includes prophylaxis at the dentist’s office
and in kindergarten through visits by the health department or dentists. The daily habits of
brushing teeth with fluoride toothpaste and toothbrush from the first tooth and the regular
application of fluoride varnish at the dentist’s visit are introduced at these times and often
practiced through play and reward systems [15].

Unfortunately, the different types of treatments reported in the included studies do not
allow for a more detailed, concrete assessment of cost-effectiveness, such as with fluoride
varnish; although randomized controlled trials have been conducted [18,28,35,36,38,41,49],
the statements provide little meaningful results with fluoride varnish application at
98.76 CLP/child in Chile [18] but at 155.74 GBP/child or a combination of prevention
and restoration at 250 GBP/child [34,49] in the United Kingdom of Great Britain and
Northern Ireland [28]. Although on one hand, in Chile, the fluoride varnish protocol
is reported to be more effective and cost-effective in preventing early childhood caries,
contradictory results are reported in the United Kingdom of Great Britain and Northern
Ireland, such that fluoride varnish application is sufficiently effective, but the effect is only
small and the clinical and economic benefits are even questionable [28]. Other studies
even documented no difference between the different treatment approaches in terms of
clinical outcome [33,49]. No differences in the occurrence or number of toothache episodes
or infections due to early carious lesions were also observed over the observation period
when comparing the intervention group with the control group, with cost effectiveness
slightly in the direction of fluoride varnish application [33,49].

On one hand, it is highly questionable when, based on uncontrolled studies, statements
are made that the application of fluoride varnish in one to three sessions in healthy children
appears to be cost-effective and therefore the estimated benefit for the prevention of
early childhood caries is given [41]. On the other hand, contradictory statements on
regular fluoride varnish application in addition to daily tooth brushing under guardian
supervision were reported without significant caries preventive effect and even without
cost-effectiveness in a study from South Africa [38].
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4.4. Limitations

This systematic review has several limitations. There is a lack of current prevalence
data on the experience of ECC in infants and toddlers and cost-effectiveness studies in nu-
merous countries worldwide. While there are many publications from the United Kingdom
of Great Britain and Northern Ireland [28,29,31,33,35,47,49], the United States [27,33,37,42],
and Brazil with low to moderate number of publications [32,43,46,48], in the Ameri-
can continent, nine studies [18,27,32,33,37,42,43,46,48]; in the African continent, three
studies [38,41,45]; in the Australian continent, two studies [30,39]; and in the Asian con-
tinent, only one study [41] were available. In addition to the data on cost-effectiveness
in ECC in infants and toddlers from the United Kingdom of Great Britain and Northern
Ireland, few relevant data were available in the literature meeting the search criteria of the
study to be included in the study. However, because the two continents of Europe and
the Americas are reasonably well distributed across the globe, they can at least provide a
general estimate of the prevalence of ECC and the importance of cost-effectiveness in this
geographic area. It should also be remembered that health data are not generally collected
or available for all countries worldwide, clearly affecting the overall estimate of global
prevalence. Because the data in the studies were collected in regional or local populations,
the results may be only partially representative of the overall situation at the country level.
Relatively few studies overall could be included in the systematic review. Although data
collection worldwide on cost-effectiveness in public health was initiated in many places
about a decade ago, the information is still not extensive and therefore limited. This also
means that the statements so far are of little to no significance regarding various preventive
as well as restorative therapeutic decision-making processes. The accuracy of the collected
and summarized data is also directly dependent on the accuracy of the included data and
should therefore be interpreted with caution. Generalization of the data to the respective
preventive and restorative therapeutic decisions studied should be made very cautiously,
or even avoided, according to the current assessment of the evidence regarding clinical
outcomes in cost-effectiveness studies, until the knowledge gaps in the literature are closed.

However, the included studies might show that the prevalence of ECC in infants and
toddlers varies widely across geographic areas. More research is needed to monitor oral
health status at the individual level (parents or guardians and children), as there is a clear
link between healthy oral habits and socioeconomic challenges within societies. This under-
scores the need for further research on socioeconomic indicators related to socioeconomic,
cultural, and ethnic disparities, regardless of the target projection to minority or vulnerable
populations. The problem of persistently high caries prevalence can be solved by address-
ing the needs of parents or guardians in the community with full consideration of the
socioeconomic, cultural, as well as ethnic backgrounds. The success of ECC prevention pro-
grams depends directly on parents and guardians, but also on doctors and dentists. They
are responsible for educating and protecting general and oral health of infants and toddlers.
These prevention programs for ECC must be developed with a clear understanding of the
individual needs of society and its socioeconomic, cultural, and ethnic circumstances with
all decision-makers involved in the health process. Only in this way, will it be possible,
together with all decision-makers, to make better treatment decisions in the future, in the
sense of a best-practice approach or from a health, economic, and political point of view.
Spread of ECC in infants and toddlers must be prevented to avoid the serious consequences
of incorrect or inadequate oral and dental hygiene, such as possible damage to the germs
of permanent teeth, impaired tooth eruption, developmental disorders of the upper and
lower jaws, impaired speech development, insufficient nutritional behavior, dysfunctional
chewing, and swallowing ability, but also psychosocial problems. The goal must also be to
prevent chewing and swallowing disorders, as well as psychosocial developmental deficits
and lack of compliance in future dental visits due to early caries experience.
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5. Conclusions

The enormously important aspect of public health care ‘cost-effectiveness’ was sys-
tematically examined in this study in relation to treatment decisions for ECC in infants and
young children, and the following conclusions can be drawn within the limitations of the
present study:

1. Statements on the cost-effectiveness of individual therapeutic interventions in the
fields of prevention and restoration are difficult due to the heterogeneity in the results
or the different methodologies used in the studies included.

2. Despite numerous randomized controlled clinical trials with follow-up periods of
often 24 months, the efficacy of individual interventions is sometimes contradictory
in terms of clinical outcome.

3. Socioeconomic, cultural, and ethnic differences must be considered when comparing
conditions in terms of cost-effectiveness.

4. Studies on cost-effectiveness of therapeutic treatment decisions for early childhood
caries have been conducted for about ten years; since then, the number has increased
significantly.

5. An important paradigm shift can be observed, away from surgical/restorative ap-
proaches and toward increased therapeutic/medical intervention with a focus on
prevention.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/medicina59101865/s1, Figure S1: PRISMA 2020 checklist; Table S1:
Excluded studies; Figure S2: PRISMA flow diagram.

Author Contributions: Conceptualization, T.G.W.; methodology, T.G.W. and G.C.; software, T.G.W.;
validation, T.G.W. and G.C.; formal analysis, T.G.W.; investigation, T.G.W.; resources, T.G.W.; data
curation, T.G.W. and G.C.; writing—original draft preparation, T.G.W.; writing—review and editing,
T.G.W. and G.C.; project administration, T.G.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article as no new data were
created or analyzed in this study.

Acknowledgments: This systematic review paper was partially T.G.W.’s master’s thesis in the
distance learning program “Management of Health and Social Care Institutions” approved by the
scientific management and the examination board of the Distance and Independent Studies Center
(DISC) of the University of Kaiserslautern-Landau (RPTU) (formerly Technical University (TU)
Kaiserslautern), indicated and recommended for publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wyne, A.H. Early childhood caries: Nomenclature and case definition. Community Dent. Oral Epidemiol. 1999, 27, 313–315.

[CrossRef]
2. Colak, H.; Dülgergil, C.T.; Dalli, M.; Hamidi, M.M. Early childhood caries update: A review of causes, diagnoses, and treatments.

J. Nat. Sci. Biol. Med. 2013, 4, 29–38.
3. Seow, W.K. Biological mechanisms of early childhood caries. Community Dent. Oral Epidemiol. 1998, 26 (Suppl. 1), 8–27. [CrossRef]
4. Ramos-Gomez, F.J.; Weintraub, J.A.; Gansky, S.A.; Hoover, C.I.; Featherstone, J.D.B. Bacterial, behavioral and environmental

factors associated with early childhood caries. J. Clin. Pediatr. Dent. 2002, 26, 165–173. [CrossRef]
5. Anil, S.; Anand, P.S. Early Childhood Caries: Prevalence, risk factors, and prevention. Front. Pediatr. 2017, 5, 157. [CrossRef]
6. Pitts, N.B.; Zero, D.T.; Marsh, P.D.; Ekstrand, K.; Weintraub, J.A.; Ramos-Gomez, F.; Tagami, J.; Twetman, S.; Tsakos, G.; Ismail, A.

Dental caries. Nat. Rev. Dis. Primers 2017, 3, 17030. [CrossRef]

https://www.mdpi.com/article/10.3390/medicina59101865/s1
https://www.mdpi.com/article/10.3390/medicina59101865/s1
https://doi.org/10.1111/j.1600-0528.1999.tb02026.x
https://doi.org/10.1111/j.1600-0528.1998.tb02090.x
https://doi.org/10.17796/jcpd.26.2.t6601j3618675326
https://doi.org/10.3389/fped.2017.00157
https://doi.org/10.1038/nrdp.2017.30


Medicina 2023, 59, 1865 24 of 25

7. American Academy of Pediatric Dentistry. Policy on early childhood caries (ECC): Classifications, consequences, and preventive
strategies. In The Reference Manual of Pediatric Dentistry; American Academy of Pediatric Dentistry: Chicago, IL, USA, 2020;
pp. 79–81.

8. Robke, F.J. Consequences of teat bottle abuse for dental health. Prevalence of caries, dental and jaw malocclusions in northern
German preschool children. J. Orofac. 2008, 69, 5–19. [CrossRef]

9. Splieth, C.; Treuner, A.; Berndt, C. Oral health in young children. Prev. Health Issues 2009, 4, 119–123.
10. Hippke, A. Caries in one and two year old daycare center children in Hamburg. Dissertation. 2012. Available online: https:

//ediss.sub.uni-hamburg.de/bitstream/ediss/4958/1/Dissertation.pdf (accessed on 13 October 2023).
11. Borutta, A.; Wagner, M.; Kneist, S. Condition structure of early childhood caries. Oral Prophyl. Ped Dent. 2010, 32, 58–63.
12. Treuner, A.; Splieth, C. Early childhood caries-facts and prevention. Dent Communic. 2013, 17, 44–50.
13. Rojas, G.; Deichsel, M.; Lüdecke, K.; Heinrich-Weltzien, R. Results of a Nationwide Study in the State of Brandenburg. Available

online: www.Brandenburger-kinderzaehne.de/Veroeffentlichungen294.0.html (accessed on 12 September 2023).
14. Robke, F.J.; Buitkamp, M. Incidence of teat bottle caries in preschool children in a West German city. Oral Prophyl. 2002, 24, 59–65.
15. Kassenzahnärztliche Bundesvereinigung (KZBV), Bundeszahnärztekammer (BZÄK). Preventing Early Childhood Caries—A

Concept for Dental Prevention in Young Children. Available online: https://www.kzbv.de/fruehkindliche-karies-vermeiden.10
30.de.html (accessed on 12 September 2023).

16. Lee, H.H.; Milgrom, P.; Starks, H.; Burke, W. Trends in death associated with pediatric dental sedation and general anesthesia.
Paediatr. Anaesth. 2013, 23, 741–746. [CrossRef]

17. Heinen, N. Death at the Pediatric Dentist. Available online: https://www.welt.de/wissenschaft/plus245125756/Tod-beim-
Kinderzahnarzt-Gefaehrliche-Narkosen-Wenn-Kinder-im-Zahnarztstuhl-sterben.html (accessed on 12 September 2023).

18. Zaror, C.; Muñoz-Millàn, P.; Espinoza-Espinoza, G.; Vergara-Gonzàlez, C.; Martìnez-Zapata, M.J. Cost-effectiveness of adding
fluoride varnish to a preventive protocol for early childhood caries in rural children with no access to fluoridated drinking water.
J. Dent. 2020, 98, 103374. [CrossRef]

19. Tonmukayakul, U.; Forrest, H.; Arrow, P. Cost-effectiveness analysis of atraumatic restorative treatment to manage early childhood
caries: Microsimulation modeling. Aust. Dent. J. 2021, 66, S63–S70. [CrossRef]

20. Rodriguez, G.A.; Cabello, R.A.; Borroni, C.P.; Palacio, R.A. Cost-effectiveness of probiotics and fluoride varnish in caries
prevention in preschool children. J. Public Health Dent. 2002, 82, 280–288. [CrossRef]

21. Centers for Disease Control and Prevention. Cost-Effectiveness Analysis (2023). Available online: https://www.cdc.gov/policy/
polaris/economics/cost-effectiveness/index.html (accessed on 13 October 2023).

22. Wolf, T. Cost-Effectiveness of Treatment Decisions for Early Childhood Caries in Infants and Young Children. Open Science
Framework (OSF). Available online: osf.io/cmw58 (accessed on 12 September 2023).

23. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

24. Santos, C.M.C.; Pimenta, C.A.M.; Nobre, M.R.C. The PICO strategy for the research question construction and evidence search.
Rev. Lat. Am. Enferm. 2007, 14, 508–511. [CrossRef]

25. Cooke, A.; Smith, D.; Booth, A. Beyond PICO: The SPIDER tool for qualitative evidence synthesis. Qual. Health Res. 2012, 22,
1435–1443. [CrossRef]

26. Methley, A.M.; Campbell, S.; Chew-Graham, C.; McNally, R.; Cheraghi-Sohi, S. PICO, PICOS and SPIDER: A comparison study of
specificity and sensitivity in three search tools for qualitative systematic reviews. BMC Health Serv. Res. 2014, 14, 579. [CrossRef]

27. Nowak, A.J.; Casamassimo, P.S.; Scott, J.; Moulton, R. Do early dental visits reduce treatment and treatment costs for children?
Pediatr. Dent. 2014, 36, 489–493.

28. Tickle, M.; O’Neill, C.; Donaldson, M.; Birch, S.; Noble, S.; Killough, S.; Murphy, L.; Greer, M.; Brodison, J.; Verghis, R.; et al. A
randomised controlled trial to measure the effects and costs of a dental caries prevention regime for young children attending
primary care dental services: The Northern Ireland Caries Prevention in Practice NIC-PIP trial. Health Technol. Assess. 2016, 20,
1–96. [CrossRef]

29. Buckingham, S.; John, J.H. Outcomes and costs of pre-school and school-based fluoride varnish pilots. Br. Dent. J. 2017, 222,
591–594. [CrossRef]

30. Tonmukayakul, U.; Arrow, P. Cost-effectiveness analysis of the atraumatic restorative treatment-based approach to managing
early childhood caries. Community Dent. Oral Epidemiol. 2017, 45, 92–100. [CrossRef]

31. BaniHani, A.; Deery, C.; Toumba, J.; Duggal, M. Effectiveness, costs and patient acceptance of a conventional and a biological
treatment approach for carious primary teeth in children. Caries Res. 2019, 53, 65–75. [CrossRef]

32. Bottega, F.; Bussadori, S.K.; Endruweit Battisti, I.D.; Paveglio Vieria, E.; Szambelan Pompeo, T.; Winkelmann, E.F. Costs and
benefits of Papacarie in pediatric dentistry: A randomized clinical trial. Sci. Rep. 2018, 8, 17908. [CrossRef]

33. Davis, M.R.; Johnson, E.L.; Meyer, B.D. Comparing dental treatment between children receiving and not receiving Silver Diamine
Fluoride. J. Clin. Pediatr. Dent. 2020, 44, 400–406. [CrossRef]

34. Homer, T.; Maguire, A.; Douglas, G.V.A.; Innes, N.P.; Clarkson, J.E.; Wilson, N.; Ryan, V.; McColl, E.; Robertson, M.; Vale, L.
Cost-effectiveness of child caries management: A randomised controlled trial (FiCTION trial). BMC Oral Health 2021, 20, 45.
[CrossRef]

https://doi.org/10.1007/s00056-008-0724-7
https://ediss.sub.uni-hamburg.de/bitstream/ediss/4958/1/Dissertation.pdf
https://ediss.sub.uni-hamburg.de/bitstream/ediss/4958/1/Dissertation.pdf
www.Brandenburger-kinderzaehne.de/Veroeffentlichungen294.0.html
https://www.kzbv.de/fruehkindliche-karies-vermeiden.1030.de.html
https://www.kzbv.de/fruehkindliche-karies-vermeiden.1030.de.html
https://doi.org/10.1111/pan.12210
https://www.welt.de/wissenschaft/plus245125756/Tod-beim-Kinderzahnarzt-Gefaehrliche-Narkosen-Wenn-Kinder-im-Zahnarztstuhl-sterben.html
https://www.welt.de/wissenschaft/plus245125756/Tod-beim-Kinderzahnarzt-Gefaehrliche-Narkosen-Wenn-Kinder-im-Zahnarztstuhl-sterben.html
https://doi.org/10.1016/j.jdent.2020.103374
https://doi.org/10.1111/adj.12857
https://doi.org/10.1111/jphd.12526
https://www.cdc.gov/policy/polaris/economics/cost-effectiveness/index.html
https://www.cdc.gov/policy/polaris/economics/cost-effectiveness/index.html
osf.io/cmw58
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1590/S0104-11692007000300023
https://doi.org/10.1177/1049732312452938
https://doi.org/10.1186/s12913-014-0579-0
https://doi.org/10.3310/hta20710
https://doi.org/10.1038/sj.bdj.2017.360
https://doi.org/10.1111/cdoe.12265
https://doi.org/10.1159/000487201
https://doi.org/10.1038/s41598-018-36092-x
https://doi.org/10.17796/1053-4625-44.6.2
https://doi.org/10.1186/s12903-020-1020-1


Medicina 2023, 59, 1865 25 of 25

35. McMahon, A.D.; Wright, W.; Anopa, Y.; McIntosh, E.; Turner, S.; Conway, D.I.; Macpherson, L.M.D. Fluoride varnish in nursery
schools: A randomised controlled trial–Protecting teeth @3. Caries Res. 2020, 54, 274–282. [CrossRef]

36. Elhennawy, K.; Finke, C.; Paris, S.; Reda, S.; Jost-Brinkmann, P.G.; Schwendicke, F. Selective vs. stepwise removal of deep
carious lesions in primary molars: 24 months follow-up from a randomized controlled trial. Clin. Oral Investig. 2021, 25, 645–652.
[CrossRef]

37. Halasa-Rappel, Y.; Archibald, J.; Miller, P.; Frederick Lambert, R.; Hong, M.; Ng, M.W.; Sulyanto, R. Pit-and-fissure sealants on
primary molars are a cost savings. J. Am. Dent. Assoc. 2021, 152, 832–841. [CrossRef]

38. Effenberger, S.; Greenwall, L.; Cebula, M.; Myburgh, N.; Simpson, K.; Smit, D.; Wicht, M.J.; Schwendicke, F. Cost-effectiveness
and efficacy of fluoride varnish for caries prevention in South African children: A cluster-randomized controlled community trial.
Community Dent. Oral Epidemiol. 2022, 50, 453–460. [CrossRef]

39. Nguyen, T.M.; Tonmukayakul, U.; Hall, M.; Calache, H. Cost-effectiveness analysis of silver diamine fluoride to divert dental
general anaesthesia compared to standard care. Aust. Dent. J. 2022, 67, 352–361. [CrossRef]

40. Aly, A.A.M.; Aziz, A.M.A.; Elghazawy, R.K.; El Fald, R.K.A. Survival analysis and cost effectiveness of Silver Modified Atraumatic
Restorative Treatment SMART and ART occlusal restorations in primary molars: A randomized controlled trial. J. Dent. 2023, 128,
104379. [CrossRef]

41. Nantanee, R.; Sriratanaban, J. Cost-effectiveness and estimated net monetary benefits of a fluoride varnish application program
during well-child visits by 9- to 30-month-old children in three areas of Thailand. Community Dent. Oral Epidemiol. 2023, 51,
512–518. [CrossRef]

42. Holsinger, D.M.; Wells, M.H.; Scarbecz, M.; Donaldson, M. Clinical evaluation and parental satisfaction with pediatric zirconia
anterior crowns. Pediatr. Dent. 2016, 38, 192–197.

43. Olegário, I.C.; de Brito Pacheco, A.L.; de Araujo, M.P.; de Miranda Ladewig, N.; Calil Bonifacio, C.; Pettorosi Imparato, J.C.;
Procida Raggio, D. Low-cost GICs reduce survival rate in occlusal ART restorations in primary molars after one year: A RCT. J.
Dent. 2017, 57, 45–50. [CrossRef]

44. Schwendicke, F.; Krois, J.; Splieth, C.H.; Innes, N.; Robertson, M.; Schmöckel, J.; Santamaria, R.M. Cost-effectiveness of managing
cavitated primary molar caries lesions: A randomized trial in Germany. J. Dent. 2018, 78, 40–45. [CrossRef]

45. Elamin, F.; Abdelazeem, N.; Salah, I.; Mirghani, Y.; Wong, F. A randomized clinical trial comparing Hall vs. conventional
technique in placing preformed metal crowns from Sudan. PLoS ONE 2019, 14, e0217740. [CrossRef]

46. De Moura, M.S.; Sousa, G.P.; Brito, M.H.S.F.; Silva, M.C.C.; Lima, L.D.M.; Moura, L.F.A.D.; Lima, C.C.B. Does low-cost GIC
have the same survival rate as high-viscosity GIC in atraumatic restorative treatments? A RCT. Braz. Oral Res. 2020, 33, e125.
[CrossRef]

47. Schwendicke, F.; Krois, J.; Robertson, M.; Splieth, C.; Santamaria, R.; Innes, N. Cost-effectiveness of the Hall technique in a
randomized trial. J. Dent. Res. 2019, 98, 61–67. [CrossRef]

48. Olegário, I.C.; Ladewig, N.M.; Hesse, D.; Bonifacio, C.C.; Braga, M.M.; Pettorossi Imparato, J.C.; Medeiros Mendes, F.; Procida
Raggio, D. Is it worth using low-cost glass ionomer cements for occlusal ART restorations in primary molars? 2-year survival and
cost analysis of a Randomized clinical trial. J. Dent. 2020, 101, 103446. [CrossRef]

49. Maguire, A.; Clarkson, J.E.; Douglas, G.V.A.; Ryan, V.; Homer, T.; Marshman, Z.; McColl, E.; Wilson, N.; Vale, L.; Robertson, M.;
et al. Best-practice prevention alone or with conventional or biological caries management for 3- to 7-year-olds: The FiCTION
three-arm RCT. Health Technol. Assess. 2020, 24, 1–174. [CrossRef]

50. Anopa, Y.; Conway, D.I. Exploring the cost-effectiveness of child dental caries prevention programmes. Are we comparing apples
and oranges? Evid. Based Dent. 2020, 21, 5–7. [CrossRef]

51. Wolf, T.G.; Cagetti, M.G.; Fisher, J.M.; Seeberger, G.K.; Campus, G. Non-communicable diseases and oral health: An overview.
Front. Oral Health 2021, 2, 725460. [CrossRef]

52. Kassebaum, N.J.; Bernabé, E.; Dahiya, M.; Bhandari, B.; Murray, C.J.L.; Marcenes, W. Global burden of untreated caries. J. Dent.
Res. 2015, 94, 650–658. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000509680
https://doi.org/10.1007/s00784-020-03536-6
https://doi.org/10.1016/j.adaj.2021.05.005
https://doi.org/10.1111/cdoe.12702
https://doi.org/10.1111/adj.12936
https://doi.org/10.1016/j.jdent.2022.104379
https://doi.org/10.1111/cdoe.12769
https://doi.org/10.1016/j.jdent.2016.12.006
https://doi.org/10.1016/j.jdent.2018.05.022
https://doi.org/10.1371/journal.pone.0217740
https://doi.org/10.1590/1807-3107bor-2019.vol33.0125
https://doi.org/10.1177/0022034518799742
https://doi.org/10.1016/j.jdent.2020.103446
https://doi.org/10.3310/hta24010
https://doi.org/10.1038/s41432-020-0085-7
https://doi.org/10.3389/froh.2021.725460
https://doi.org/10.1177/0022034515573272

	1
	Materials and Methods 
	Protocol and Registration 
	Inclusion and Exclusion Criteria 
	Data Sources, Search Strategy and Study Selection 
	Data Collection and Evaluation of Study Quality 

	Results 
	Discussion 
	Aim of the Study and Main Findings 
	Classification of Studies 
	Geographical and Substantive Differences 
	Limitations 

	Conclusions 
	References

