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Editorial

Updates on Caries Management in the Primary and
Permanent Dentition

Julian Schmoeckel

Department of Pediatric Dentistry, University Medicine Greifswald, 17489 Greifswald, Germany;
julian.schmoeckel@uni-greifswald.de

Caries is still one of the most prevalent diseases affecting children and adults worldwide [1].
Reducing its prevalence and improving the quality of dental care, along with the oral-health-
related quality of life, should, therefore, be a major goal.

The aim of this Special Issue was to present innovative approaches, high-quality
clinical, epidemiological, and dental public health research, or translational research on
several aspects of the management of dental caries (preventive/non-invasive, minimally
invasive, operative approaches) in children and adults.

First of all, I would like to emphasise that this Special Issue contains a variety of study
types, reflecting the different options in research methodology: meta-analysis, systematic
reviews, epidemiological research, laboratory studies, retrospective and prospective clinical
studies, RCTs, and innovative case series. Furthermore, the Special Issue includes articles
on the management of caries in primary teeth and permanent teeth, as well as root caries.
This demonstrates the different approaches and perspectives in cariology.

I am delighted that this completed Special Issue contains interesting innovations
relating to this topic. In the following, I would like to summarise and highlight specific
aspects of the contents of this Special Issue and give my personal outlook for the future.

An epidemiological study on oral health in children in Burundi showed a significant
level of caries experience and a very low treatment index, highlighting that caries treatment
does not reach the children [2]. This underlines the importance of improvements in
prevention and easily assessable and inexpensive management options.

The number of papers in this Special Issue dealing with silver fluoride (SDF) products
shows that this is a hot topic and should not be seen as an unsatisfying compromise for
so-called “third-world countries” but as a viable alternative or synergistic option for caries
management at any stage and on any tooth surface in any patient worldwide.

To my knowledge, two of the published papers [3,4] are related to award-winning
presentations at the ORCA Congress 2023 [3] and 2024 [5]. Interestingly, both deal with
the use of silver fluoride: (1) in primary teeth, which may eventually dramatically reduce
the need for dental general anaesthesia [6], and (2) for young permanent teeth, providing
the first pilot data of a reported innovative approach to managing non-cavitated proximal
caries [5]. This provides new insights into the potential of silver diamine fluoride (SDF)
for treatment of early childhood caries (ECC) [7], as well as options for the management
of proximal caries that go beyond the findings from a recent systematic review and meta-
analysis [8]. In addition, a double cohort study comparing SDF and 5% fluoride varnish
showed that both materials reduced hypersensitivity in children with ECC, but that the
potential for caries arrest was much higher with SDF [9].

A laboratory study has shown that an individual’s diet may influence the colour
stability and microhardness of composite restorations, which are probably one of the most
common treatment approaches for caries worldwide [10].

Medicina 2025, 61, 316 https://doi.org/10.3390/medicina61020316
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A long-term split-mouth clinical study from Lithuania compared the survival rate of
resin-based and GIC-based fissure sealants and showed that their effectiveness in prevent-
ing fissure caries in permanent second molars did not differ significantly over a 10-year
follow-up period [11].

A meta-analysis of RCTs on the selective caries removal technique in permanent teeth
also confirms, in line with another earlier consensus from ORCA [12,13], that selective
caries removal is a less invasive approach to pulp tissue perseveration compared with
conventional “complete caries removal” techniques [14].

A fairly wide-ranging systematic review on the cost-effectiveness of ECC treatment shows
that socio-economic, cultural, and ethnic differences need to be taken into account [15]. This is
particularly important in populations with a high prevalence of ECC and with a highly polarised
distribution of ECC, in order to implement the most cost-effective approaches.

The direction of minimally invasive dentistry is also favoured by the authors of a
study on root caries [16], which shows that the progression of initial active root carious
lesions using GICs may be an interesting and promising approach.

Last but not least, a study on decision making for caries management in children
shows that this part is much more complex than a tooth-level decision. Consequently, there
is a need for simple and effective treatments, while unfortunately, there is still a tendency
for too invasive or unrecommended treatment suggestions. The main challenge is to always
make the correct diagnosis based on appropriate examinations (clinical, radiographic,
etc.). Perhaps future innovations in artificial intelligence will assist dentists in facilitating
diagnosis, and robots will be able to perform the necessary restorations or procedures.

I am confident that in the future, with continued research and development of novel
treatment strategies, further reductions in the caries prevalence in all age groups worldwide
will be achieved. Personalised medicine, multimodal and interdisciplinary management,
and digital innovations can further transform the way in which we approach the field of
cariology, both clinically and scientifically. Several aspects in the field of caries management
have been addressed in research, but there are still relevant gaps, mainly in the areas of
research on cost-effectiveness and the translation of knowledge into everyday dental
practice. These advances will bring us closer to our goal of improving the oral-health-
related quality of life of millions of children, adolescents, adults, and seniors.

Conflicts of Interest: The author declares no conflicts of interest.
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Article

Dental Decision-Making in Pediatric Dentistry: A
Cross-Sectional Case-Based Questionnaire Among Dentists
in Germany
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1 Department of Pediatric Dentistry, University Medicine Greifswald, Walther-Rathenau Str. 42a,
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ahmad.almasri@uni-greifswald.de (A.A.M.); splieth@uni-greifswald.de (C.H.S.)

2 Department of Orthodontics, University Medicine Greifswald, Walther-Rathenau Str. 42a,
17475 Greifswald, Germany
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* Correspondence: julian.schmoeckel@uni-greifswald.de; Tel.: +49-383-486-7167

Abstract: Background and Objectives: The most recent guidelines and recommendations regarding
treatments of dental caries in children are shifting towards evidence-based minimal or non-invasive
approaches aiming to preserve the vitality of teeth and potentially reduce the need for dental
general anesthesia. This study investigated the treatment recommendations of dentists actively
practicing pediatric dentistry in Germany regarding different patient cases with caries in primary
teeth. Materials and Methods: The questionnaire was distributed on paper or online to pediatric
dentists and general dentists practicing pediatric dentistry. Five cases of children with dental
treatment needs representing a variety of clinical situations were selected for the questionnaire.
Considering four different scenarios regarding pain symptoms (yes/no) and cooperation level
(good/low) for each case resulted in 20 questions, where the preferred treatment option could
be chosen out of 21 options ranging from observation only to extraction with/without different
sedation techniques. The answers were categorized into three categories for each case and scenario
according to guidelines, recent scientific evidence, and recommendations (recommended, acceptable,
or not recommended/contraindicated). Results: In total, 222 participants responded to the survey
(161 female; 72.5%). In 55.2% of the total 4440 answers, the participants chose a “recommended”
treatment option, in 16.4% “acceptable”, but in 28.4%, a “not recommended” treatment, which ranged
for the five cases between 18.7 and 36.1%. While pain and low cooperation levels led to more invasive
and justified treatment choices (only 26.3% “not recommended”), less severe scenarios resulted more
often in “not recommended” options (pain with good cooperation: 31.0%; or low cooperation without
pain: 32.6%). The dentist’s age, experience, and educational background did not significantly correlate
to choosing “not recommended” treatment options. Conclusions: A child’s pain and cooperation level
greatly impact the treatment decisions made by dentists, with a risk of too-invasive treatment options
in low-severity cases. Substantial disparities in treatment recommendations for caries in primary teeth
persist among dental practitioners regardless of their age, experience, and educational background.

Keywords: dentistry; primary teeth; dental treatment; decision-making; nitrous oxide sedation;
general anesthesia

1. Introduction

Decision-making in medicine and dentistry is one of the most critical steps before
initiating any clinical treatment. Especially in pediatric dentistry, many factors should
be considered in the process of decision-making, far beyond tooth level, such as the
cooperation level of the child, the overall oral treatment need, caries risk and activity, the

Medicina 2024, 60, 1907. https://doi.org/10.3390/medicina60111907 https://www.mdpi.com/journal/medicina4
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accuracy of the diagnosis, potential risks of the treatment and sedation options, the financial
aspects, and the duration of the treatment [1–3]. In modern dentistry, reaching a treatment
decision is not done by the dentist alone (anymore). A change from the traditional, rather
so-called “paternalistic” approach to more participative approaches with informed consent
has occurred in medicine and dentistry in the past decades [4], which is oriented toward
the autonomy of the patients and includes their competencies. Pediatric health care has the
challenge of having “immature” patients with limited cooperation and understanding of
health issues, as well as difficulties regarding parental preferences. This makes decision-
making in pediatric dentistry far more challenging than other specialties in dentistry, which
should not be underestimated, as the initial recommendations of the dentist for a certain
treatment path lay the basis for later communication and decision-making with informed
consent from the parent or the guardian [3].

The challenges in decision-making in pediatric dentistry extend beyond finding the
balance between parental preferences and children’s capabilities, as the treatment options
on the tooth level have witnessed a shift towards minimal or non-invasive approaches.
The conventional restoration (CR) of a cavity on a primary tooth using amalgam, glass
ionomer cement, resin composite, or polyacrylic acid-modified composites used to be the
standard treatment in pediatric dentistry [5]. These types of restorations are still widely
used, even though they show weak performance with a high need for retreatment [6]
and may be associated with a high risk of restoration failure and pulpal complications [7].
With a correct pulp diagnosis of reversible pulpitis, selective carious tissue removal or
caries sealing (e.g., the Hall technique) could be performed, avoiding complete caries
removal near the pulp and minimizing the risk of pulp exposure, which can preserve the
vitality of the primary molar [8]. Non-restorative cavity control (NRCC) is also a modern
concept that aims to arrest the progression of caries through oral hygiene after removing
overhanging enamel and dentin, if needed, to make the lesion accessible, which should
be followed by repeated and regular biofilm removal as well as fluoride application to
stimulate the remineralization of the carious tooth structure and stop the activity of the
lesion arresting its progression, which requires the high adherence of patients and/or
parents to manage the lesion [2]. The integration of silver diamine fluoride (SDF) and the
Hall technique (HT) into modern caries management in pediatric dentistry has expanded
the dental treatment spectrum in pediatric dentistry and provided options for children
with limited cooperation, offering effective solutions with minimal invasiveness. These
evidence-based approaches provide comprehensive care while prioritizing the preservation
of tooth structure and patient comfort [9–11]. Moreover, sedation methods such as nitrous
oxide or general anesthesia (GA) widen the spectrum of treatment approaches even further,
which makes the decision on the best treatment approach in different circumstances in
pediatric dentistry even more challenging. In general, no single treatment option is the only
possible, and no treatment option can always be considered the best. However, some good
treatment options might be considered unsatisfactory in certain circumstances or situations.
For instance, a pulpotomy on a symptomless primary tooth with (deep) proximal dentin
caries is an evidence-based approach with reported high success rates. Still, in a case of low
cooperation, the treatment would probably require sedation or even GA. Considering the
risks of GA along with other less invasive evidence-based approaches, such as the HT with
a diagnosis of reversible pulpitis, a pulpotomy could be considered disadvantageous as the
HT is possible even in the case of limited cooperation, avoiding the need for DGA [12].

With these wide ranges of treatment options and approaches in pediatric dentistry
and the shift towards minimal and non-invasive treatments, it remains unclear whether
daily clinical practices are following the updates in the literature. Therefore, this study
aimed to investigate the treatment recommendations of dentists actively practicing pediatric
dentistry in Germany based on different cases of caries in primary dentition, with suggested
scenarios considering pain symptoms and cooperation levels.
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2. Materials and Methods

This questionnaire-based study includes five cases with clinical and/or radiographical
pictures suggesting different dental treatment options with different scenarios.

2.1. Study Population and Data Collection

As the study aimed to investigate the different approaches of dentists in different
clinical scenarios and cases in pediatric dentistry, it was necessary to include a large number
of participants actively practicing pediatric dentistry, regardless of their qualifications and
specialization. The questionnaire was sent via email to all listed pediatric dental clinics
from the website of the German Society for Pediatric Dentistry (DGKiZ, N = 360) and to
all participants in, as well as graduates of, a postgraduate master’s program in Preventive
and Pediatric Dentistry at the University of Greifswald in Germany (N = 108). Moreover,
the questionnaire was handed out personally to general dentists in Germany (N = 86) who
were attending continuing education courses in the field of pediatric dentistry before the
start of the course to avoid bias. To calculate the sample size, the population size of dentists
practicing pediatric dentistry was anticipated to be around 3500. With a 95% confidence
interval and a 10% margin of error, a sample size of 94 was needed. Data collection was
done in the period from March 2020 to August 2022.

2.2. The Questionnaire

A questionnaire was designed to include five typical cases of dental caries in primary
teeth with clinical and/or radiographical pictures. Participants were asked to choose their
recommended treatment option for each case 4 times for different scenarios that reflect
real-life scenarios in pediatric dentistry. The four scenarios for each case were as follows:

• No reported pain, cooperative child (P−, ↑);
• No reported pain, uncooperative child (P−, ↓);
• Reported pain symptoms, cooperative child (P+, ↑);
• Reported pain symptoms, uncooperative child (P+, ↓).

The predefined treatment options for the cases with the different scenarios in the
survey were 20 in total. They ranged from observation to invasive treatment options
such as endodontic treatment or extraction of the tooth, considering also the treatment
setting, such as nitrous oxide sedation or GA. The participants had an extra space after each
question for typing a treatment option other than the listed ones. Traditional treatment
options such as complete caries removal and filling and modern, less traditional treatment
modalities such as silver diamine fluoride (SDF) and the Hall technique (HT) were all
included as options. An overview of the treatment options and the cases can be seen in
Table 1.

The five selected cases included a range of clinical situations concerning children
with dental treatment needs, which covered most of the problems and challenges in caries
management in primary teeth (Table 1):

• Case 1: arrested deep carious lesions (ICDAS 6) on first primary molars (74, 84) in a
preschool child;

• Case 2: active deep proximal carious lesion (ICDAS 5) on a second primary molar (85)
in a preschool child with high caries experience;

• Case 3: proximal carious lesion on a first primary molar (74, likely ICDAS 4, detected
in bitewing radiograph as D2 lesion) in an elementary schoolchild;

• Case 4: clinical and periapical X-ray showing a proximal ICDAS 5 lesion and an
occlusal ICDAS 4 lesion on a second primary molar with a dentine bridge between the
lesion and the pulp in a preschool child;

• Case 5: clinical picture of semi-active dentine carious lesions on anterior primary teeth
(Early Childhood Caries; 3-year-old child).

6
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Table 1. The cases and scenarios along with the percentage-wise assignment of each treatment option
to the categories of level of recommendation (colors), and the results of the participants in percentages
(n = 222).

Cases
Case 1

Arrested ICDAS 6
on #74 and #84

Case 2
Active ICDAS 5

#85

Case 3
ICDAS 4 Proximal

#74

Case 4
ICDAS 4 Okklusal

and ICDAS 5
Proximal #65

Case 5
ECC

#52–62

Clinical/radiographical pictures

Treatment options/different scenarios *
P−
↑

P−
↓

P+
↑

P+
↓

P−
↑

P−
↓

P+
↑

P+
↓

P−
↑

P−
↓

P+
↑

P+
↓

P−
↑

P−
↓

P+
↑

P+
↓

P−
↑

P−
↓

P+
↑

P+
↓

No treatment/observation only 2.7 6.3 - 1.4 - 3.2 - 1.8 0.9 4.5 0.5 2.7 0.9 1.8 0.5 2.7 0.9 4.5 2.7 3.6
Non-restorative caries control: fluoride varnish and
brushing instructions 10.8 30.6 - 0.5 1.8 8.6 - 2.7 2.7 18.0 0.9 6.3 2.7 10.4 0.5 1.8 15.3 24.8 1.4 3.2

Silver diamine fluoride application 2.3 19.4 0.5 5.0 1.4 24.8 0.5 4.1 1.4 14.0 0.9 8.6 0.9 20.7 1.4 4.1 17.1 34.2 6.3 7.2
Atraumatic restorative treatment with glass
ionomer filling (ART) 3.6 4.5 2.7 3.6 1.8 9.0 2.3 6.8 1.8 3.6 2.3 2.7 2.3 9.5 2.3 2.7 3.2 4.1 1.8 0.9

GIC filling (with complete caries removal) 2.7 1.4 1.8 1.4 5.9 2.7 4.1 2.3 4.5 3.2 3.2 1.8 3.6 3.2 1.8 2.3 0.5 0.5 - 0.9
Compomer filling (selective caries removal) 15.3 2.7 6.8 1.4 19.4 2.3 4.5 1.4 23.0 5.9 14.0 2.7 15.8 3.6 6.8 0.5 11.7 1.8 7.2 0.5
Compomer filling (complete caries removal) 8.1 - 4.5 - 17.1 0.9 8.6 0.5 33.8 8.1 19.8 5.4 25.2 3.6 6.3 0.5 3.3 0.5 2.3 -
Zirconia pediatric crown 0.5 - 0.9 - - - - - - - - - - - - 0.5 9.9 5.4 5.9 3.6
Strip crown composite restoration - - - - - - - - 0.5 - 0.5 - - - - - 28.8 6.3 10.4 2.3
Stainless steel crown (SSC) in Hall technique (no
caries removal, no preparation) 24.8 13.5 1.4 1.8 13.5 15.3 2.7 3.6 12.2 19.8 6.8 11.7 16.2 14.0 1.4 0.5 0.5 0.5 0.5 0.9

SSC in conventional technique (complete caries
removal, preparation) 8.6 0.9 1.8 0.5 10.8 1.8 6.8 0.9 7.7 1.4 5.9 0.9 6.8 1.8 5.9 0.9 -- - 0.5 -

Pulpotomy and SSC 11.7 1.4 37.4 1.4 18.9 0.9 36.9 - 7.7 - 26.1 2.3 19.4 0.9 39.6 2.3 - - 1.8 -
Pulpotomy and SSC with nitrous oxide sedation 4.5 3.6 6.8 15.8 4.5 7.7 8.6 19.4 1.4 9.5 8.1 16.7 3.2 11.3 9.0 21.2 0.5 - 0.9 -
Pulpotomy and SSC under general anesthesia 0.5 8.1 3.6 19.4 2.7 17.6 2.7 25.2 0.5 8.1 1.8 20.3 0.9 14.9 1.8 23.9 0.5 0.9 1.8 2.7
Calcium hydroxide/iodoform paste, pulpectomy,
and SSC 1.4 - 8.6 - 1.4 0.5 10.4 0.5 0.9 0.5 3.6 - 1.4 0.5 9.5 0.9 - 0.5 4.5 -

Calcium hydroxide/iodoform paste, pulpectomy,
and SSC with nitrous oxide sedation - 0.9 4.1 5.0 - 0.5 2.7 6.3 - 0.5 0.9 4.1 0.5 1.4 4.5 7.7 - 0.5 0.9 4.5

Calcium hydroxide/iodoform paste, pulpectomy,
and SSC under general anesthesia 0.5 0.9 0.5 7.7 0.5 2.3 1.8 7.7 1.4 3.2 1.4 4.5 - 1.8 1.4 9.5 0.9 1.4 3.6 7.2

Local anesthesia extraction 1.8 - 12.2 0.5 - 0.5 3.6 0.9 - - 1.8 - - - 5.4 0.9 2.3 0.9 16.7 2.3
Local anesthesia extraction with nitrous
oxide sedation 0.5 1.4 5.9 9.5 0.5 0.5 3.2 5.0 - - 1.4 5.0 - - 2.3 6.8 - 2.3 14.0 7.7

Extraction under general anesthesia - 4.5 0.9 25.7 - 1.4 0.9 11.3 - - 0.5 4.5 0.5 0.9 - 10.8 5.5 11.3 17.1 52.7
Percentage of chosen recommended
treatment options

71.6 74.3 74.8 52.7 59.5 57.7 65.3 49.1 76.6 19.8 34.2 11.7 58.1 45.0 70.3 50.9 83.8 63.5 30.6 52.7

Percentage of chosen possible and acceptable
treatment options

13.1 3.6 5.0 30.2 1.8 25.2 7.7 36.0 13.1 41.4 48.2 33.8 - - - 31.1 3.2 6.3 8.1 19.8

Percentage of chosen not recommended or
contraindicated treatment options

15.3 22.1 20.3 17.1 38.7 17.1 27.0 14.9 10.4 38.7 17.6 54.5 41.9 55 29.7 18 13.1 30.2 61.3 27.5

Green colored: Recommended treatment. Yellow colored: Acceptable treatment. Red colored: Not recom-
mended/contraindicated treatment. * Abbreviations and symbols: ↑: cooperative child, ↓: uncooperative Child,
P+: pain symptoms, P−: no pain symptoms, ART: atraumatic restorative treatment, ECC: Early Childhood
Caries, GIC: glass ionomer cement, ICDAS: International Caries Detection and Assessment System, SSC: stainless
steel crown.

All the cases and questions focused on a specific tooth, and not on all carious teeth
in the pictures because patient-level decisions are much more complicated and require
a thorough explanation for many related factors, which would lengthen the question-
naire and the time required to fill it out and thus reduce the response rate. However,
patient-related aspects were still considered in the scenarios mentioned above, mainly
regarding pain symptoms and the cooperation level of the child. Other relevant informa-
tion on the patient level is obtainable from the given pictures/radiographs, such as caries
experience/risk/activity and phase of dentition.

Moreover, to investigate the factors influencing dental decision-making, the demo-
graphic data of the participants were collected, as well as answers to further questions
regarding the number of children treated per week, years of experience as a dentist, years
of experience with nitrous oxide sedation and GA, and years of practice as a specialist in
pediatric dentistry.
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2.3. Ethical Considerations

This study was conducted in full conformance with the principles of the “Declaration
of Helsinki” and Good Clinical Practice (GCP) and within the laws and regulations of
Greifswald University. Whether on the paper form or online, informed consent was
obtained from all participants before filling out the questionnaire. Ethical approval was
obtained from the Ethical Committee of the University of Greifswald (BB 052/20). The
clinical intra-oral pictures of the patients were presented anonymously to study participants,
as consent was taken from the parents/guardians of the children to use the intra-oral photos
and/or X-rays in anonymous form for research purposes.

2.4. Treatment Recommendations

Three specialists in pediatric dentistry from the University of Greifswald met to de-
velop an outline for rating the treatment options for the different cases with consideration
of the scenarios; two of the three were specialist pediatric dentists and members of the
university teaching staff with clinical experience, while the third was a last year postgradu-
ate student in a master program in Preventive and Pediatric Dentistry. A fourth specialist
pediatric dentist, who was the head of the Department of Preventive and Pediatric Dentistry
at the university and of the mentioned master’s program, with a leading role in many
worldwide recognized organizations in the field of cariology and pediatric dentistry, was
consulted for his opinion in the treatment recommendations. The decision on categorizing
the treatment options was thus based on the actual international recommendations and
guidelines, yet with consideration of clinical real-life experience. The treatment options
were divided according to the case and the suggested scenario into the following categories:

� Recommended treatment options: treatment options that follow the up-to-date
evidence-based recommendations and guidelines for the management of the men-
tioned tooth/teeth, considering the suggested scenario regarding pain symptoms and
the cooperation level of the child;

� Possible and acceptable treatment options: treatment options that do not follow
the up-to-date evidence-based recommendations and guidelines for the management
of the mentioned tooth/teeth, considering the suggested scenario regarding pain
symptoms and the cooperation level of the child. However, although these treatment
options are not up-to-date, they are still not contraindicated and could be performed;

� Not recommended and contraindicated treatment options: treatment options that
do not follow the up-to-date evidence-based recommendations and guidelines for
managing the mentioned tooth/teeth, considering the suggested scenario regarding
pain symptoms and the cooperation level of the child, which are disadvantageous or
even contraindicated.

2.5. Statistical Analysis

The questionnaire responses were exported to an Excel sheet (Microsoft Office 2021),
anonymously coded, assigned to the categories of recommendation level as in Table 1,
and exported into IBM SPSS for Windows (Version 23.0) for analysis. Frequencies and
percentages were calculated for all qualitative variables, while means and standard devia-
tions (SDs) were computed for quantitative variables. To investigate the factors influencing
dental decision-making, the number of chosen “not recommended and contraindicated”
treatment options was analyzed as the dependent variable. The independent variables
considered were age, years of experience as a dentist, experience with nitrous oxide (in
years), experience with general anesthesia (in years), years of practicing as a specialist, and
the number of children treated per week.

A negative binomial regression model was used to investigate the factors that might
lead to choosing an increased number of contraindicated treatment options. A further
analysis was performed for each of the independent variables separately to investigate if
any of these variables would show an effect on the total numbers of selected “not recom-
mended/contraindicated” treatment options, where a Mann–Whitney test was performed
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for the categorial variables and Pearson correlation was used for the continuous variables.
Moreover, a chi-square analysis was performed to analyze the differences in the distribution
of the answers to the three categories of recommendation level between the cases and the
scenarios. Statistical significance was set at a p-value of <0.05.

3. Results

In total, 222 participants responded to the survey. A total of 54 responses were in
paper form (24.3%), while the majority of responses were collected through the online
version (75.7%, n = 168). The total number of participants consisted of participants who
are still attending or have completed a postgraduate master’s program in Pediatric and
Preventive Dentistry in Germany, general dental practitioners in Germany, and members
of the German Society for Pediatric Dentistry (DGKiZ e.V.). As efforts were made to invite
as many practitioners as possible to participate in the survey, participants were asked to
forward the online version of the questionnaire to colleagues in the same field. Thus, the
precise number of participants who received the invitation and the exact response rate
could not be calculated.

Table 1 shows the five cases of the questionnaire with the suggested scenarios and all
the treatment options that were available in the questionnaire, as well as the percentages of
the answers of the participants for each scenario (↑: cooperative child, ↓: uncooperative
Child, P+: pain symptoms, P−: no pain symptoms) categorized into the three above-
mentioned groups.

Table 2 provides the demographic and biographic characteristics of the respondents,
along with the results of the negative binomial regression to investigate the variables’
relation to the total number of not recommended/contraindicated treatment options for
each participant.

The Pearson correlation and Mann–Whitney tests revealed no significant association
between choosing the “not recommended/contraindicated” treatment options with any of
the study variables, such as years of experience, the educational background of the dentist
in pediatric dentistry, the number of patients per week, etc. (Table 2).

The total of answers in the not recommended category in the five cases ranged from
18.7 to 36.1% according to the cases, regardless of the specific scenarios, as illustrated
in Figure 1. Case 4 (cavitated D2 approximal lesion) showed the highest percentage of
chosen not recommended treatment options (36.1%), while case 1 (inactive lesions) had
the lowest percentage with 18.7%. The differences between the cases in the distribution of
answers to the assigned categories were statistically significant, as shown by the chi-square
independent test (p < 0.01).

When considering the specific scenarios, regardless of the cases, there were statistically
significant differences between the scenarios in the distribution of the answers, as depicted
in Figure 2 (chi-square test p < 0.01). The percentages of the chosen not recommended
treatment options for the scenarios “no pain and uncooperative patient” and “pain and
cooperative patient” (32.6% and 31.0%, respectively) were higher than for the scenarios
“no pain and cooperative patient” and “pain and uncooperative patient” (23.9% and
26.3% respectively).
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Table 2. The demographic characteristics of the study population and the correlation of these variables
with the number of not recommended/contraindicated answers.

Mean Value ± SD

p-Value
(Negative Binomial

Regression as
Continuous Variable)

Groups Total Number

p-Value
(Negative Binomial

Regression as
Categorial Variable)

Age 37.1 ± 9.8 0.582 - - -

Sex - -
Male 61 (27.5%)

0.704
Female 161 (72.5%)

Children treated
per week

45.7 ± 78.2 0.402 - - -

Experience as a
dentist (years)

11.7 ± 9.1 0.972 - - -

Experience with
nitrous oxide

sedation (years)
2.4 ± 4.9 0.403

Yes 104 (46.8%)
0.999

No 118 (53.2%)

Experience with GA
(years) 4.89 ± 7.1 0.768

Yes 147 (66.2%)
0.534

No 75 (33.8%)

Experience as
specialist pediatric

dentist (years)
3.03 ± 5.3 0.649

Yes 120 (54.1%)
0.341No 102 (45.9%)

Figure 1. The percentages of the treatment options in the different cases were categorized ac-
cording to the level of recommendation (n = 888 answers for each case in the four different
scenarios from the 222 participants), differentiated by recommended, acceptable, and not recom-
mended/contraindicated.

The percentage of the chosen not recommended/contraindicated treatment options
did not differ when considering only the cooperation level of the child regardless of the
pain symptoms. In contrast, the percentage of the chosen recommended treatment options
was much less in scenarios with limited cooperation (Figure 3). These differences were
statistically significant, as shown by the chi-square independent test (p < 0.01). The same
pattern was also observed when considering pain symptoms regardless of the coopera-
tion level, where pain symptoms lead to fewer chosen recommended treatment options
(Figure 4). The differences between the scenarios “pain” and “no pain” in the distribution of
answers to the assigned categories were statistically significant, as shown by the chi-square
independent test (p < 0.01).
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Figure 2. The categorization of the chosen treatment options regarding the suggested scenarios
from the cases pooled together and shown as percentages (n = 888 answers for each scenario from
all cases for the 222 participants). Differentiated by recommended, acceptable, and not recom-
mended/contraindicated for ↑: cooperative child, ↓: uncooperative Child, P+: pain symptoms, and
P−: no pain symptoms.

Figure 3. The categorization of the chosen treatment options regarding the cooperation of the patient
from the cases pooled together, shown in percentages (n = 888 answers for each scenario from all
cases for the 222 participants). ↑: cooperative child, ↓: uncooperative child.

Among the treatment options as seen in Table 1 that were classified in the category
“not recommended and contraindicated” for specific scenarios, there were eight treatment
options that were selected by more than 30% of the participants in these specific scenarios,
which are further summarized and explained in Table 3.
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Figure 4. The categorization of the chosen treatment options regarding the symptoms of the patient
from the cases pooled together, shown in percentages (n = 888 answers for each scenario from all
cases for the 222 participants). P+: pain symptoms, P−: no pain symptoms.

Table 3. The treatment options, contraindicated or not recommended in specific scenarios, were
chosen in ≥10% of these specific scenarios by participants, with the explanation for grouping them
as contraindicated.

Treatment Option and Scenario
“Not Recommended/Contraindicated”

Answers in %
Reason of Contraindication

Case 2 (Scenario: P− and ↑)
Compomer filling (complete caries
removal) in deep cavity

17.1%

Although symptomless, complete caries
excavation in deep carious lesions is not
recommended due to the risk of pulp
exposure [13–15].

Case 2 (Scenario: P− and ↑)
SSC in conventional technique (complete
caries removal, preparation) in deep cavity

10.8%

Although symptomless, complete caries
excavation in deep carious lesions is not
recommended due to the risk of pulp
exposure [13–15].

Case 3 (Scenario: P+ and ↓) Pulpotomy
and SSC (caries media) under
general anesthesia

20.3%

In this case, the pain was described as
sensitivity on trigger, which indicates
reversible pulpitis. GA carries risks of
major and minor complications and
should be avoided if possible [16,17].
There is no indication for GA as the
carious lesion is not deep and, despite
low cooperation, can be treated with
minimal invasive options that do not
require cooperation, such as the Hall
technique [9,18].

Case 4 (Scenario: P− and ↑)
Treatment of active caries approximal and
occlusal ICDAS 4 with compomer filling
(complete caries removal)

25.2%

Although symptomless, complete caries
excavation in deep proximal carious
lesions is not recommended due to the
risk of pulp exposure [13–15].

Case 4 (Scenario: P− and ↓)
Treatment of active caries approximal and
occlusal ICDAS 4 with pulpotomy and SSC
under general anesthesia

14.9%

GA carries risks of major and minor
complications and should be avoided if
possible [16,17]. There is no indication for
GA as the carious lesion is not deep and,
despite low cooperation, can be treated
with minimal invasive options that do
not require cooperation, such as the
HT [9,18].
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Table 3. Cont.

Treatment Option and Scenario
“Not Recommended/Contraindicated”

Answers in %
Reason of Contraindication

Case 5 (Scenario: P− and ↓)
EEC in a 3-year-old with primary maxillary
anterior teeth with active caries, extraction
under general anesthesia

11.3%

GA carries risks of major and minor
complications and should be avoided if
possible [16,17]. There is no indication for
GA as the carious lesion is not deep and,
despite low cooperation, can be treated
with minimal invasive options that do not
require cooperation, such as the SDF [9].

Case 5 (Scenario: P+ and ↑)
EEC in a 3-year-old with primary maxillary
anterior teeth with active caries, extraction
of the front primary teeth under
general anesthesia

17.1%

GA carries risks of major and minor
complications and should be avoided if
possible [16]. There is no indication for
GA as the child is cooperative and
treatment may be performed with local
anesthesia and behavioral management
techniques [19].

Case 5 (Scenario: P+ and ↑)
EEC in a 3-year-old with primary maxillary
anterior teeth with active caries, strip
crown composite restorations

10.4%

Pain without stimulus is a symptom of
irreversible pulpitis, where the teeth
should not be filled without a
pulpotomy/pulpectomy [20].

4. Discussion

This study aimed to explore and analyze decision-making processes among dental
professionals in the field of pediatric dentistry. Understanding the methods employed
and the characteristics of the study sample is crucial for interpreting the findings and
assessing the generalizability of the results. To the authors’ knowledge, this is the first
research in Germany to explore dental decision-making in pediatric dentistry, which also
includes various samples with different clinical backgrounds. The hypothetical clinical case
scenarios can measure opinions about the care that might be provided in one particular
case [21]. These scenarios and cases are not a tool for measuring the actual care a dentist
would provide, as this will also be subjective to other factors that are not enclosed in a
scenario, such as parental wishes, financial aspects, and the availability of treatment options
in practice.

This study is a questionnaire-based survey focused on self-reporting. Such methods
have gained more popularity in recent years in medical research [22], as they can give more
understanding of real-life clinical daily practice. In order to recruit as many participants as
possible, the questionnaire was available in both paper-based and online formats, which
allowed for a varied participant pool, considering the varying preferences and convenience
of potential respondents [23]. The total number of respondents (n = 222) offers a generous
dataset for analyzing decision-making trends in pediatric dentistry, where the majority
of respondents are females, reflecting the gender distribution among young dentists in
Germany [24], especially in pediatric dentistry, with the majority of the members of the
DGKiZ e.V. being females [25]. A deeper look at the demographical background of the study
population shows different backgrounds regarding the years and places of undergraduate
dental education. This means that the base of dental knowledge of the participants is from
different schools and concepts, which might lead to variability in decision-making [26].
A great variety was observed in all the other demographic characteristics of the study
population, such as years of experience and the number of children treated per week, etc.
This variety enriches the study’s external validity, capturing a range of perspectives from
individuals at different stages of their dental careers, which makes the study population
as near as possible to the real-life situation of practicing dental professionals, in order to
be more representative of the target group as recommended in such surveys [27]. The
study population’s variety and heterogenicity were reflected in the experience in sedation
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techniques in pediatric dentistry, where 66.2% of the respondents had experience with GA
compared to only 46.8% with experience in nitrous oxide. This might be the reason behind
many participants also choosing invasive GA in cases of good cooperation to treat acute
pain and in cases of no cooperation and no pain symptoms instead of choosing less invasive
treatment options, probably with the aid of nitrous oxide sedation, which could reduce
the need for dental GA in children [28]. A possible explanation for the higher number of
participants with experience in GA compared to nitrous oxide is the fact that the National
Health Insurance in Germany would cover the costs of GA sedation if justified by a lack of
cooperation and the presence of dental treatment need for children under the age of 12 [29],
while the patient would individually cover the costs of nitrous oxide sedation.

Overall, most of the answers in all cases with different scenarios were within the
recommended and acceptable treatment spectrum. Still, seven out of the twenty scenarios
of the cases had a total of not recommended or contraindicated treatment options of
more than 30%. Three of these seven cases were cases 3, 4, and 5 with a scenario of lack
of cooperation and no pain symptoms, where the dentists tend to recommend the GA.
However, the caries could be inactivated and arrested, with a great chance of healing the
pulp due to the absence of pain symptoms. The case with the highest percentage of not
recommended and contraindicated answers (61.3%) was the case of Early Childhood Caries
with pain symptoms and good cooperation, where the recommendation should be towards
teeth extraction or endodontical treatment, probably chairside or under nitrous oxide
sedation, rather than fillings or strip crowns under GA. This might reflect the pressure to
achieve esthetics in the area of anterior teeth in young children, as parents are more willing
to accept non-esthetic treatment options for their children in posterior teeth than in the
upper anterior teeth [30]. Besides the treatment modality, the choice of the restoration type
was in many of the cases towards dental fillings, either using compomer or composites,
which is similar to another questionnaire study in Saudi Arabia where 73.8% of the dentists
also reported the use of composite fillings on carious primary teeth [31]. However, there
are clear recommendations to use prefabricated crowns rather than fillings, especially in
multi-surfaced lesions in primary molars [9,13,32], due to the clear, better longevity of the
crowns, with less failure over a longer period of time [6].

As our results clearly show, pain symptoms and the cooperation of the child greatly
influence the treatment options and recommendations of the dentists, potentially leading
to choices that may not align with the guidelines and recommendations. In our results, the
scenarios with limited cooperation clearly had a higher percentage of not recommended
answers and a lower percentage of recommended answers, highlighting the influence of the
cooperation level of the child on the decision-making process. While the lack of cooperation
is mostly linked to dental fear, a study in Japan was able to prove that cooperation and
dental fear do not have a causal relationship [33], necessitating the need for behavioral
management concepts and techniques in pediatric dentistry to avoid the need to treat every
uncooperative child under GA [1]. Signs of dental fear and anxiety can be predicted at the
very first appointment [34], resulting in planning suitable steps for stepwise treatments,
which in turn can prevent the failure of treatment due to a lack of cooperation. Almost
analogous to the influence of cooperation levels, the presence of pain symptoms resulted in
fewer recommended answers, showing also an influence on decision-making. However,
it must be noted that pain response is individualized and influenced by various factors
inherent to the procedural context [35]. Moreover, child-reported pain symptoms, especially
in small children, are not valid and clearly defined. In our study, we used the terms “pain”,
“spontaneous pain”, and “sensitivity”, which are descriptive of different states of clinical
situations resulting in a different diagnosis. It cannot be excluded that the participants
of this study did not quite differentiate between these terms, which would influence the
decision-making process, as many practitioners in pediatric dentistry might not put a value
on the patient-reported symptoms and concentrate mainly on clinical and radiographical
examinations to reach their decisions, due to the limitations of self-reporting in children.
However, pain and cooperation do influence each other, as sudden pain during treatments
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in children might cause a lack of cooperation in future sessions [36]. The dentists are,
therefore, encouraged to minimize the experience of pain and discomfort during pediatric
dental treatment, e.g., with the administration of local anesthesia [35,37]. The elimination
of procedural pain would allow for a better judgment of symptomatic pain of dental origin.

Considering the differences between the cases regardless of the different suggested
scenarios, it was observed that case 4, showing a deep ICDAS 5 approximal carious lesion
on a primary molar, had the highest percentage of not recommended or contraindicated
answers (32.9%). In contrast, case 3, showing an ICDAS 4 approximal carious lesion
on a primary molar, had the lowest percentage of recommended answers (35.7%). This
reflects the great challenges and difficulties practitioners face in diagnosing and treating
approximal carious lesions in children and highlights the need for further education
and training in this area. Restorative treatment thresholds based on radiographic lesion
depth also vary substantially among dentists on permanent teeth in adults [38], where
the problems of cooperation and pain are not relevant, as in pediatric patients. Our
results could not detect true patterns or risk factors leading to an increased number of
not recommended or contraindicated answers on an individual level, which might be
due to the great heterogenicity of the study population. However, this heterogenicity
reflects the actual diversity among practitioners actively practicing pediatric dentistry.
Therefore, it cannot be concluded that more experienced dentists make better decisions or
that younger practitioners are aware of the actual recommendations. Dental practitioners
are thus encouraged to always seek further education to keep up-to-date with the latest
updates and recommendations based on recent studies.

Our results showed a great variation in decision-making among pediatric dentists,
which may be due to several factors. The most obvious explanation could be the great
variations in the study population’s educational/clinical background [26] and work expe-
rience [39]. The differences and variations in decision-making should not be considered
disadvantageous in general, as it is also noticeable in other dental specialties such as
restorative dentistry [40]. Most commonly, dentists gain most of their knowledge in their
undergraduate studies and adopt treatment scenarios and experiences of their own through
the years, which become very challenging to change over time due to multiple barriers,
such as the lack of knowledge and fear of making mistakes [41,42]. However, when it
comes to making decisions for treatments using sedation techniques that carry high risks
of complications such as GA [17], clinicians must be well aware of other alternatives such
as nitrous oxide sedation and the possibility of non- or minimally invasive management
options for dental caries when no pulpal involvement (such as indicated by pain symptoms)
is clear, even with limited cooperation due to very young age. Nevertheless, these results
should be interpreted with caution, as decision-making is a very complex process where
many factors play a role and interact with each other, and due to the difficulties defining a
gold standard with “correct” and “wrong” answers. In the planning of this study, efforts
were made to build a categorization that would represent the most up-to-date recommen-
dations and guidelines and to include the aspect of clinical experience through a team of
multiple experienced specialized pediatric dentists with leading roles in teaching pediatric
dentistry on the national and international levels. To minimize bias in the assessments of
the answers, the treatment options for each case and scenario were categorized before the
data analysis and are shown transparently in Table 1.

As in any other research, our study has several limitations that should be considered
when interpreting the results. Most important is the generalizability and representativity of
the study sample. Although the data collection process considered all potential practicing
pediatric dentists, this specialty in Germany is not exclusively for specialists and could be
practiced by general practitioners. Although all the members of the DGKiZ listed on their
website were contacted (n = 360), only 11.4% (n = 41) of them responded by completing
the survey. Moreover, the total number of DGKiZ members is nearly 1900, meaning the
members listed on the website represent less than 20% of the members. Therefore, our
results can give an idea about the variation and differences in decision-making among
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a sample of practicing pediatric dentists but does not represent all pediatric dentists in
Germany. Another limitation of the study is the design of the questions on the tooth
level, with the consideration of pain and cooperation on the patient level, while the real-life
approach would have been to design the questions showing the whole dentition and adding
questions regarding every tooth, to make more realistic decisions, especially considering
GA. On the other hand, designing the questionnaire in this manner would lengthen the
questionnaire and probably decrease the response rate dramatically, making the analysis
and the results even more complex. Nevertheless, this study also has strengths that need to
be discussed; the inclusion of pain and cooperation in such a questionnaire is an addition
to many similar studies, and it showed a great influence on the decision-making. Moreover,
the heterogenicity of the study population gives a closer look into the variety of the
community in general and especially among practicing dentists, including experienced as
well as freshly graduated dentists, who are either committed to pediatric dentistry and treat
more patients per week or who only partially treat children, besides performing regular
dental treatments on adults.

5. Conclusions

A great variety in dental decision-making was observed among practicing pediatric
dentists in Germany. Pain symptoms and cooperation levels influence the decisions of
the practitioner, with an especial risk of too invasive treatment options in low-severity
cases. A notable portion of the practitioners may suggest treatment options that might be
considered not recommended or even contraindicated, highlighting the need for adhering
to evidence-based dental guidelines and recommendations in daily practice and the need
for continuous education over the years.
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Abstract: Background and Objective: Sealant application is a proven method to prevent occlusal caries;
however, long-term studies on this topic are scarce. This study aimed to assess the survival rate
and clinical effectiveness of glass ionomer cement (GIC) and resin-based sealants (RBSs) on second
permanent molars over a long-term follow-up period. Materials and methods: Sixteen patients aged
11–13 years with all four completely erupted permanent second molars were enrolled in the study.
All patients attended 1-year and 3-year follow-ups; however, one participant did not respond after
10 years and was excluded from the final analyses. The oral health status evaluation was based on
WHO criteria. A total of 32 teeth received an RBS (Clinpro), and a further 32 teeth were sealed with
GIC (Fuji IX). The sealant retention was determined according to the Kilpatrick criteria after 1 year,
3 years, and 10 years, respectively. Statistical analysis included a chi-square test, the Kaplan–Meier
method, and the Cox proportional hazard model. Results: At baseline, seven boys and eight girls
participated in the study, with a mean age of 12.3 ± 0.9 years. The 1-year follow-up results revealed
that 90% of the RBSs and 43.3% of the GIC sealants were completely retained, and no caries lesions
were recorded (p = 0.01). The 3-year follow-up results showed that 23.3% of the RBSs and 0% of the
GIC sealants demonstrated complete retention (p = 0.034). Moreover, 10.0% of the occlusal surfaces in
the RBS group and 13.3% of the occlusal surfaces in the GIC group were filled (p > 0.05). A total of
6.7% of the RBSs showed complete retention. One-third of the sealed teeth (30.0% of the teeth sealed
with RBSs and 36.7% of teeth applied with GIC) were filled after 10 years. The Kaplan–Meier analysis
demonstrated a higher survival rate in the RBS group when compared with the GIC over the entire
follow-up period (p = 0.001). Conclusions: Although the survival rate of RBSs was higher than GIC
sealants, their effectiveness in preventing fissure caries in permanent second molars did not differ
significantly over a 10-year follow-up.

Keywords: caries prevention; resin-based sealant; glass ionomer sealant; fissure sealant; sealant re-
tention

1. Introduction

Dental caries prevails as a chronic non-communicable disease in both children and
adults, and it also remains the most relevant global oral health burden worldwide [1,2].

Caries prevention remains a challenge due to the high prevalence of disease in recently
erupted teeth [3]. Early sealant application after permanent molar eruption allows one to
achieve a higher effectiveness in caries prevention [4]. Handelman was the pioneer in terms
of analyzing the role of sealant application over incipient dental caries lesions [5]. Studies
have shown that teeth to which sealants have been applied may require less extensive
dental treatment than teeth without sealants. Furthermore, patients with sealed teeth need
less frequent restorative treatment in the future [6]. A systematic review revealed that the
application of dental sealants may reduce caries development in permanent posterior teeth
from 40% to 6% during a 2-year period [7].

Medicina 2024, 60, 756. https://doi.org/10.3390/medicina60050756 https://www.mdpi.com/journal/medicina19
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The main indication for dental sealant application is recently erupted permanent
teeth with deep pits and fissures [8]. The occlusal surfaces of molars tend to accumulate
dental plaque because of pits and fissures, and these may play a role in the inefficient
management of occlusal caries [9,10]. Thus, dental sealants are defined as an effective
preventive procedure due to serving as a micromechanically bonded protective layer [9–11].
Pit and fissure sealants are applied not only for prevention but also for the management of
incipient non-cavitated occlusal caries lesions.

The term “pit and fissure sealant” describes a chemically active liquid material that is
applied to the occlusal pits and fissures of caries-susceptible teeth. Moreover, it is cured
chemically or via light [6]. Pit and fissure sealants were introduced by Buonocore, who
presented the acid etching technique and application procedure of pits and fissures to
prevent caries in 1955 [12]. Glass ionomer cement (GIC) as a pit and fissure sealant was
introduced by McLean and Wilson in 1974 [13].

When considering the chemical composition, there are two main categories of material,
including resin-based sealants (RBSs) and glass ionomer cement (GIC). The most common
subgroups of sealants, such as polyacid-modified resin sealants, resin-based sealants,
resin-modified glass-ionomer sealants, and glass-ionomer sealants, have been evaluated in
various studies [14]. Even flowable composites can be used as dental sealants [15]. However,
resin-based sealants are defined as the gold standard [16]. A meta-analysis by Lam et al.,
2021 proved that RBS application on permanent molars correlates with a reduction in
occlusal caries development and with the arrest of caries lesion progression [17]. However,
a significant disadvantage of resin-based sealants is their sensitivity to moisture during
application procedures [10].

Glass ionomer cement as a dental sealant possesses certain advantages. Glass ionomer
cement is a moisture-friendly dental material, and it is capable of releasing fluoride [10,18].
The technique of GIC application is easier to perform when compared to the application of
resin-based sealants [19]. GIC enables one to ensure a potential preventive effect of fluoride
release even after a high loss of sealed material [19,20]. Thus, this material is an option for
partially erupted teeth [19,20]. In considering microleakages, certain brands, such as Fuji
IX, are preferred over other GIC sealants [21]. The main drawback of GIC is its relatively
poor retention [16,20]. However, it is acceptable to use GIC as a sealant in caries prevention
programs [22].

The retention rate of sealants on tooth surfaces is the main indicator of their suc-
cess [23].

The complete retention of pit and fissure sealants ensures optimal protection [16].
Meanwhile, the sites of dental plaque retention that are caused by the partial loss of sealant
may initiate caries development [24]. Early pit and fissure sealant loss is related to salivary
contamination during application procedures [25], and it is also dependent on the type
of sealant material used [26]. Long-lasting caries prevention is aided by regular dental
appointments and the resealing of susceptible tooth surfaces if the previously applied
material is deficient [11,27].

Dental sealant is an integrated component of various prevention programs, such
as non-operative caries treatment programs (e.g., the Nexö method) [28–30]. Subse-
quently, DMF-S was significantly reduced in the communities that implemented these pro-
grams [29,30]. In Lithuania, only 23.61% of schoolchildren have caries-free dentition [31].
The prevalence of caries in permanent molars was 41% among 5- to 6-year-olds [32] and
64.0% among 12-year-old school children in Lithuania [33]. The prevalence of dental
caries among 12-year-olds has remained high (88.4% in 1983, 85.5% in 2005, and 70.6% in
2009) over the decades [33,34]. The mean DMF-T score was found to be high (7.9) among
12-year-old Lithuanian children [35]. This situation indicates a high (dental) treatment
need, especially non-operative treatments, to control and reduce caries development in
Lithuania [32,35].

The sealing of caries-free teeth or enamel-incipient lesions is recommended for patients
who are at risk [25,29]. A national program of pit and fissure sealants was initiated in 2004
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in Lithuania [36]. The target group for sealant application is children aged 5–13 years with
recently erupted permanent molars. Saldūnaitė et al. found that 12-year-old Lithuanian
children who had up to two teeth had pit and fissure sealants applied [33].

In considering the effectiveness of occlusal caries prevention, numerous studies have
not defined the significant differences between resin-based sealants and glass ionomer
cement ones [9].

This study aimed to assess the survival rate and clinical effectiveness of glass ionomer
cement (GIC) and resin-based sealants (RBSs) on second permanent molars over a long-term
follow-up period.

2. Materials and Methods

We conducted this clinical study of sealant retention in permanent second molars at
the Clinic of Preventive and Pediatric Dentistry of the Lithuanian University of Health
Sciences (LSMU) (Kaunas, Lithuania) during 2004–2016. The study was conducted in
line with the principles of the Declaration of Helsinki. The Kaunas Regional Biomedical
Research Ethics Committee approved the study protocol (no. 100/2003). The parents of the
participants provided their written informed consent for the patients to participate in the
study.

2.1. Participants

The study targeted patients aged 11–13 years who were attending the Clinic of Pre-
ventive and Pediatric Dentistry, LSMU in Kaunas, Lithuania. A total of 16 patients with all
four fully erupted permanent second molars were enrolled in the study. The enrollment of
participants was carried out from March 2004 until November 2005. Sealant application
was performed between April 2004 and December 2005.

All patients attended 1-year and 3-year follow-ups, but one participant did not respond
after 10 years and was thus excluded from the final analyses (Figure 1).

Figure 1. Flowchart diagram of the study sample.
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2.1.1. Inclusion Criteria

The patient inclusion criteria were the following: 11–13-year-old patients without any
known systemic diseases.

The teeth-related inclusion criteria were the following: maxillary and mandibular
second permanent molars have completely erupted with sound and intact pits and fissures.

2.1.2. Exclusion Criteria

The patient exclusion criteria were the following: uncooperative patients and patients
with mental and/or physical disorders.

The teeth-related exclusion criteria were the following: partially erupted second
permanent molars, second permanent molars with proximal caries, and enamel with
developmental defects, restorations, or sealants.

2.2. Sample Size Calculation

The sample size for the study was calculated using Power Analysis (G-power soft-
ware™ (Release 3.0) Heinrich Heine University, Düsseldorf, Germany, for Windows). The
sample size calculation provided a value of 16 participants (32 teeth per group) with a
confidence level of 95% and a type I error (alpha) of 5% when a difference of 43.5% between
the complete retention rates of the tested RBS and GIC was assumed at 12 months. A power
of 98% indicated that the sample size of 16 participants (32 teeth per group) was sufficient.

2.3. Intervention

Prior to the sealant application, clinical examinations were performed and bitewing
radiographs were taken to ensure that no caries lesions were present.

The oral health status evaluation was based on WHO criteria [37] under standardized
conditions with a plane dental mirror and periodontal (CPI) probe in a dental clinic setting.
During follow-ups, oral examinations were performed using the same criteria as the
baseline visit. After a dental examination, the scores of the decayed, missed, and filled
permanent teeth (DMF-T) index were calculated [38,39].

The presence of dental plaque in each participant was assessed using the Silness–Löe
plaque index (PI). Dental plaque was recorded at the gingival areas of the buccal, mesial,
distal, and palatal/lingual surfaces of all the teeth. The score for a tooth was counted by
adding the scores of each area and dividing by 4. Meanwhile, the score for each patient was
counted by adding all the scores of the teeth and then dividing this by the number of teeth,
with ratings of 0 to 3 (0—excellent; 0.1–0.9—good; 1.0–1.9—fair; and 2.0–3.0—poor) [38].

Oral examinations, sealant applications, and follow-ups were performed by the same
dental hygienist (specialist) (K.S-M).

Overall, sealants were applied to 64 teeth. Resin-based sealants (RBSs) (ClinproTM

Sealant, 3M/ESPE, Saint Paul, MN, USA) were applied to a total of 32 teeth, and 32 teeth
were sealed with glass ionomer cement (GIC) sealants (Fuji IX, -Fuji IX, GC, Tokyo, Japan)
at baseline. The sealants were applied in accordance with the manufacturers’ instructions
(Figure 2). The material for sealant (RBS or GIC) application, with regard to the upper or
lower jaw and side (right or left), was selected by the operator. Additionally, moisture
control conditions were considered.
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Figure 2. The step-by-step sealant application procedures for both materials (RBSs and GIC).

Professional oral hygiene was performed, and regular oral hygiene instructions were
given to all participants at the beginning and during follow-up appointments.

2.4. Outcome Measurement

The integrity of the sealant was assessed clinically during the follow-up appointments
after 1 year, 3 years, and 10 years of placement. The retention of the sealant material on
each sealed tooth was determined according to the Kilpatrick criteria [40] as follows: 0
indicates complete retention, 1 indicates the loss of 1/3 of the sealant, 2 indicates the loss of
2/3 of the sealant, and 3 indicates the complete loss of the sealant (more than 2/3 of the
material). The later scores of sealant retention were regrouped as complete retention (score
0), partial loss (scores 1 and 2), and total loss (score 3). In addition, all the surfaces of the
teeth sealed with sealants were evaluated in terms of caries development during follow-up
visits. The criteria for evaluation were the following: 0 indicates no caries, and 1 indicates
caries (filling) present [41]. Later, “failure” was defined as a partial loss of the sealant or a
complete loss of the sealed material and filling.

2.5. Statistical Analysis

A statistical analysis was performed using the Statistical Package for Social Sciences
(SPSS version 29). A chi-square test served to measure the differences between the assessed
sealant groups. The Mann–Whitney U test was used to compare the mean scores of the PI
at different time periods. A comparison of different time periods with respect to the mean
scores of the DMF-T index and its components (D-T, M-T, and F-T) was performed using
the Wilcoxon test. A survival analysis of the different sealant materials was performed
with the Kaplan–Meier method and the Cox proportional hazard model. The significance
level was set at p < 0.05.

3. Results

Table 1 shows the demographic characteristics of the study participants, as follows:
seven boys (46.7%) and eight girls (53.3%), with a mean age of 12.3 ± 0.9 years at the
baseline.
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Table 1. Characteristics of the participants by year and gender at the baseline.

N %

Age (N = 15)

11 years 4 26.7

12 years 3 20.0

13 years 8 53.3

Total 15 100.0

MS ± SD (years) 12.3 ± 0.9

Gender (N = 15)

Boy (male) 7 46.7

Girl (female) 8 53.3

Total 15 100.0
MS ± SD—mean score ± standard deviation.

Table 2 shows the oral health status (presence of dental plaque (PI) and severity of
dental caries (DMF-T)) of the study participants at the baseline and the 10-year follow-ups.
At baseline, the mean score of the PI was 2.53 ± 0.50. The oral hygiene of the participants
was slightly improved over the whole follow-up period, with a PI of 2.47 ± 0.62 (p = 0.723).
Consequently, the mean score of the filled teeth (F-T) significantly increased during the
10-year follow-up period (from 0.93 ± 1.10 to 3.20 ± 2.43; p = 0.013). Within the same
follow-up period, the dental caries severity (mean DMF-T score) had increased significantly
(from 1.13 ± 1.25 to 3.60 ± 2.30; p = 0.003).

Table 2. Oral status of the participants over the whole follow-up period.

Follow-Up Period

Variables Baseline MS ± SD 1-Year MS ± SD 3-Year MS ± SD 10-year MS ± SD p-Value

Dental caries a

D-T 0.20 ± 0.41 0.25 ± 0.12 0.31 ± 0.14 0.40 ± 1.30 1.00

M-T 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.00

F-T 0.93 ± 1.10 b 1.05 ± 0.19 1.4 ± 0.22 3.20 ± 2.43 b 0.013 b

DMF-T 1.13 ± 1.25 b 1.3 ± 1.15 1.71 ± 1.43 3.60 ± 2.30 b 0.003 b

Presence of dental plaque c

PI 2.53 ± 0.50 2.73 ± 0.446 b 2.00 ± 0.638 b 2.47 ± 0.62 0.723 < 0.001 b

a Wilcoxon test. b significant difference between different follow-up periods. c Mann–Whitney U test. MS ± SD—
mean score ± standard deviation.

At baseline, there were 32 permanent second molars sealed with RBSs and 32 sealed
with GIC. Table 3 shows that 66.7% of the sealants were completely retained and 6.7% were
completely lost after the 1-year follow-up. In considering the type of material, significantly
more complete retentions were observed in the RBS group than in the GIC group (90.0%
vs. 43.3%, p = 0.01). After the 1-year follow-up period, there were no dental caries lesions
recorded in the second permanent molars sealed with RBSs or GIC.

After the 3-year follow-ups, the rates of partial retention (36.7%) and the complete
loss of sealants (40.0%) were higher when compared with other outcome measurements,
such as complete retention and filling. No complete retention of GIC sealants was found.
Overall, 11.7% of the sealed occlusal surfaces were filled.
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Table 3. Sealant retention characteristics according to the type of material over the whole follow-up
period.

Follow-Up
Period

Type of
Material

Complete
Retention, N

(%)

Partial
Retention, N

(%)

Complete
Loss, N (%)

Filling, N
(%)

Total, N (%) p-Value

1 year

RBS 27 (90.0) a 2 (6.7) a 1 (3.3) 0 (0.0) 30 (100.0)

0.01 aGIC 13 (43.3) a 14 (46.7) a 3 (10.0) 0 (0.0) 30 (100.0)

Total 40 (66.7) 16 (26.7) 4 (6.6) 0 (0.0) 60 (100.0)

3 years

RBS 7 (23.3) a 11 (36.7) 9 (30.0) 3 (10.0) 30 (100.0)

0.034 aGIC 0 (0.0) a 11 (36.7) 15 (50.0) 4 (13.3) 30 (100.0)

Total 7 (11.7) 22 (36.6) 24 (40.0) 7 (11.7) 60 (100.0)

10 years

RBS 2 (6.6) 8 (26.7) 11 (36.7) 9 (30.0) 30 (100.0)

0.145GIC 0 (0.0) 3 (10.0) 16 (53.3) 11 (36.7) 30 (100.0)

Total 2 (3.3) 11 (18.4) 27 (45.0) 20 (33.3) 60 (100.0)

A chi-square test was conducted to compare the results of the sealant retention characteristics and both types of
material during the follow-up periods. a significant difference between RBS and GIC. RBSs—resin-based sealants
and GIC—glass ionomer cement.

The 10-year follow-ups showed that 6.7% of the RBSs were completely retained, while
36.7% of the RBSs and 53.3% of the GIC sealants were completely lost (p = 0.145) (Table 3).
Subsequently, one-third of the sealed teeth (30.0% of the teeth sealed with RBSs and 36.7%
of teeth applied with GIC) were already filled (p = 0.145) (Table 3).

Figure 3 shows the results of the Kaplan–Meier analysis, wherein it demonstrates
the higher survival rate that was found in the RBS group when compared with the GIC
group over the whole follow-up period (p = 0.001). Compared with RBSs, GIC sealants
had a higher risk of failure; the hazard ratio (HR) was 1.426 (95% CI, 1.012–2.006, p < 0.001).
Finally, the HR showed that the risk of caries development after sealant application with
GIC was higher than with RBSs, although it did not differ statistically (1.250 (95% CI,
0.585–2.670 and p = 0.565)).

Figure 3. The cumulative survival curves for both types of sealants. “Failure” is defined as the loss of
more than one-third of the sealant (via Log rank, p = 0.001).
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Table 4 shows the rate of complete retention for both materials after the 1-year, 3-year,
and 10-year follow-up periods with regard to the upper or lower teeth sealed. A higher
complete retention rate of both materials was found on the maxillary permanent second
molars during all three periods of follow-up (p > 0.05).

Table 4. Sealant retention characteristics as per the location of sealed teeth over the whole follow-up
period.

Sealant
Retention

Follow-Up

1 Year 3 Years 10 Years

RBS, N (%) GIC, N (%) RBS, N (%) GIC, N (%) RBS, N (%) GIC, N (%)

Maxillary permanent second molars

Complete
retention 12 (92.3) 8 (47.1) 4 (30.8) 0 (0.0) 2 (15.4) 0 (0.0)

“Failure” 1 (7.7) 9 (52.9) 9 (69.2) 17 (100.0) 11 (84.6) 17 (100.0)

Total 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0)

Mandibular permanent second molars

Complete
retention 15 (88.2) 5 (38.5) 3 (17.6) 0 (0.0) 0 (0.0) 0 (0.0)

“Failure” 2 (11.8) 8 (61.5) 14 (82.4) 13 (100.0) 17 (100.0) 13 (100.0)

Total 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0) 17 (100.0) 13 (100.0)

A chi-square test was conducted to compare the results as per the tooth location and the sealant retention of both
types of sealants during the follow-up periods (p > 0.05).

4. Discussion

The main finding of the study was the higher survival rate of resin-based sealants
(RBSs) over glass ionomer cement (GIC) sealants when applied to second permanent
molars over a long-term follow-up period. The clinical assessments of the sealant retention
were performed after 1-year, 3-year, and 10-year periods. The participants’ oral hygiene
status was insignificantly improved and remained inadequate over the whole follow-up
period. When considering the location, the complete sealant retention of both materials
was insignificantly better on the maxillary permanent second molars over the whole period.
In the present study, no caries lesion in the sealed second permanent molars was recorded
during the 1-year follow-ups. After the 10-year follow-ups, the prevalence of the filled
permanent second molars that had been previously applied with RBSs or GIC sealants did
not differ significantly.

This study revealed that 90% of the RBSs were completely retained after a one-year
follow-up period. Previous studies showed a high complete retention rate for RBSs, which
varied from 62.5% to 96.7% after a 1-year follow-up period [3,42–44].

After three years, 23.3% of RBSs were completely retained in this study, while other
studies reported a higher rate of complete retention of RBSs (which varied from 80.2% to
91.08% after the same period of follow-up [15,45]). The findings revealed that the complete
or partial retention rate of GIC sealants was the same as it was found to be in another study
performed by Hesse et al. [22].

When considering the 10-year follow-up period, half of the GIC sealants were com-
pletely lost, and 36.7% of the teeth applied with GIC sealants were already filled; these
findings are in line with the results of another study carried out in Serbia [19]. Wendt et al.
found that 65% of second permanent molars applied with resin-based sealants showed com-
plete retention, and 5% of these teeth were found to be filled after 15-year follow-ups [27].
Long-term studies evaluating sealant retention are scarce [2].

This study revealed that the complete sealant retention of both materials was better
on maxillary permanent second molars than on mandibular ones (p > 0.05). The same
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pattern of retention was observed in a study carried out in Romania [18]. Meanwhile, a
study performed in Croatia showed the opposite results, i.e., better sealant retention on the
mandibular molars (p < 0.05) [46].

The pit and fissure sealants’ effectiveness was widely investigated in terms of retention,
mechanical properties, different bonding, marginal microleakages, infiltration, and the
emergence of caries, as detailed below [42,47–50]. This study employed the conventional
acid etching protocol and cotton roll isolation technique during the sealant application
procedure. Another study carried out in Lithuania compared the air abrasion and acid etch-
ing methods during RBS application and did not find significant differences in the sealant
retention rate and caries development after 5-year follow-ups [42]. When considering
bonding variations, the etch-and-rinse, multimode universal, and self-etch adhesives were
used after acid etching, but the results did not confirm the effectiveness of the adhesive
usage during RBS application after short-term follow-ups [47]. Meanwhile, another study
revealed that an ethanol-based bonding agent being applied prior to resin-based sealant
placement on first permanent molars significantly increased the retention at 12 months [48].
However, with respect to different isolation techniques, various studies have revealed
opposite findings. Mattar et al. showed that the chosen type of isolation, such as the Isolite
system, rubber dam, or cotton roll isolation, had no impact on the retention rate of pit
and fissure sealants [49]; however, another study found that rubber dam isolation ensured
better retention of sealants [50].

There are contradictory opinions regarding the clinical effectiveness of GIC sealants
in caries prevention. GIC sealants have lower retention rates than RBSs [46,51,52], but
the GIC material is more effective in occlusal caries prevention [51]. It has been found
that GIC-based sealants applied according to the atraumatic restorative treatment (ART)
protocol are effective at preventing dentine caries lesion development [52]. On the other
hand, another study concluded that the application of GIC sealants on first permanent
molars was not superior in reducing caries lesion development compared to non-applied
molars [22]. However, the clinical relevance was focused not on sealant retention, but on
the duration of potential caries prevention in previously sealed teeth [18]. Thus, GIC may
be a proper material to seal recently erupted permanent molars for children in the high
caries risk category when isolation of a tooth is challenging.

Long-term caries prevention strategies focus on non-operative caries treatment and
sealant application, only for patients with high caries risk [29,30]. A high mean number
of sealed teeth (4.29 [29] and 8.58 [30]) has indicated that oral health education, dietary
counseling, personal tooth brushing, professional plaque removal, and fluoride varnish
application may be insufficient measures in arresting caries progression for patients with
low motivation [29,30]. These various implemented methods are effective in preventing
caries development, although one intervention was not found to be more effective (superior)
than another (varnish vs. sealant) [53,54].

The data from the National Oral Health Survey in Greece confirmed that sealant
placement (low prevalence of sealants) is significantly associated with caries reduction
(24%) in the 15-year-old group [55]. The sealant application for the first and second molars
covered by the National Health Insurance Service contributed to decreasing dental caries
in South Korea [56]. The financial resources of the national program for pit and fissure
sealants in Lithuania were used inefficiently [33].

Numerous studies have proved that using merely professional dental measures, such
as fluoride varnish or dental sealant applications, is not sufficient in avoiding dental caries
development. Thus, oral hygiene instructions and dietary counseling play an essential role
in dental caries prevention [57]. Regular supervised toothbrushing may be as efficient as
the application of dental sealants in preventing dentin caries lesion development [58]. In
considering long-term prognoses, the most favorable results were achieved when dental
sealants were integrated as a component in caries prevention programs [59].
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Strength and Limitation

The main strengths of this study need to be considered. The long-term follow-up for
the evaluation of sealant retention and caries development may be considered as the main
advantage of this study. However, a relatively small sample size was one of the limitations
of this study. The split mouth design was not used, although bitewing radiographs were
taken prior to the application of sealants. Furthermore, other methods, such as fiber optic
transillumination and laser fluorescence, were not employed to detect occlusal caries.

5. Conclusions

Although the survival rate of RBSs was higher than that of GIC sealants, their effec-
tiveness in preventing fissure caries in permanent second molars did not differ significantly
over a 10-year follow-up period. Glass ionomer sealants could be a good alternative as an
initial temporary sealant material due to better moisture tolerance than resin-based sealants
when optimal saliva control during sealant application is not feasible.
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Abstract: Background and Objectives: Addressing deep carious lesions poses significant challenges
in daily dental practice due to the inherent complexity of their treatment. Traditionally, complete
removal of carious tissues has been the norm, potentially leading to pulp tissue exposure and sub-
sequent pulpitis. In contemporary dentistry, there is a growing preference for minimally invasive
techniques, such as selective removal, offering a more conservative approach with enhanced pre-
dictability and success rates. Materials and Methods: Our study commenced with a comprehensive
systematic review. After that, we performed a meta-analysis focused exclusively on randomized con-
trolled trials involving permanent dentition. Our investigation incorporated seven selected articles,
which scrutinized success rates and the incidence of pulp exposure in minimally invasive techniques
(MIT) versus conventional techniques (CT). Statistical analysis employed U Mann–Whitney and
Wilcoxon tests to interpret the results. Results: Although the difference did not reach statistical
significance, MIT demonstrated marginally superior success rates compared to CT. Furthermore,
MIT exhibited a lower percentage of pulp exposure when contrasted with CT. However, due to the
limited sample size, statistical significance for this difference could not be established. Conclusions:
Minimally invasive techniques for caries removal emerge as a conservative and promising approach
to safeguard pulp tissues in comparison to conventional techniques. The need for additional random-
ized controlled trials is emphasized to unequivocally establish the superior success rates of these
procedures over their conventional counterparts.

Keywords: selective caries removal; incomplete caries removal

1. Introduction

Dental caries is a biofilm-mediated, diet modulated, multifactorial, dynamic disease
resulting in mineral loss of dental hard tissues [1]. Nowadays, this disease is widespread
throughout the world, affecting billions of teeth [2–4]. When caries produces very deep
lesions in dentin, dental pulp can be damaged, compromising its vitality. Over the years,
dentists have faced the challenge of knowing how much dentin to remove or preserve in
order to perform a proper treatment [5–8]. During the 19th century, G.V. Black suggested
that carious tissue should be removed until sound physiological dentin was reached,
although this procedure may lead to pulp exposure. Almost a century later, Fusuyama
improved caries removal techniques by recognizing two different types of dentine: inner
demineralized zone or affected dentin and outer contaminated or infected dentine [9,10].
The inner zone presents a firm consistence, as there is a little resistance while removing
it. As this zone is susceptible to remineralization, it should be respected and maintained.
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The outer zone presents soft dentin as it is highly contaminated, and should be completely
removed during our restorative procedures [11].

Traditionally, complete caries removal procedures such as stepwise technique have
been used to remove deep caries in a non-selective way. Stepwise technique consists of the
elimination of both firm and soft dentin in deep caries removal. This procedure may cause
pulp exposure and excessive removal of tooth structure, and it is performed in two different
visits by placing a temporary restoration between appointments. This conventional method
presents some disadvantages; for instance, a high risk of irreversible pulp damage, which
results in higher costs to the patient, or an increase in office visits [6,12,13].

Nowadays, minimally invasive dentistry should be a guide mark to restore dental
caries and there are new procedures that offer advantages over conventional methods.
Although selective procedures are well documented in the literature, with respect to decid-
uous teeth, there are few investigations about these techniques in permanent dentition [14].
Since both dentitions present differences, such as size of teeth or regenerative potential,
they should be studied separately. Selective caries removal to soft or firm dentine is less
invasive than stepwise technique, and it offers great results. This method is also known as
incomplete caries removal technique, and it pretends to respect pulp tissues by not eliminat-
ing soft dentin near the pulp chamber [15–22]. While removing decay, procedures such as
caries dyes or laser fluorescence can be used to perform a proper selective technique. Caries
detector dyes stain outer and inner zones differently, in order to distinguish them. However,
this procedure may lead to excessive tissue removal, as it is not accurate in assessing the
amount of contamination present in each zone [23,24]. Another product that is used during
selective caries removal is Cariosolv, which is a gel that removes contaminated dentin,
respecting demineralized tissues. This procedure, when combined with a microscope, can
be a great alternative to restore deep caries [25–28]. On the other hand, the DIAGNOdent
pen uses fluorescence technology for the detection of bacterial porphyrins and it provides
useful information about dentin contamination [29]. Another effective procedure using
laser fluorescence during selective caries removal is the FACE device, which consists of an
orange-red laser that allows recognition of highly contaminated areas [30,31]. Tactile eval-
uation of tissue hardness should be taken into account along with laser fluorescence and
caries detector dyes as effective methods to achieve a proper selective treatment [10,32,33].

While performing selective caries removal, it is important to follow a great bonding
protocol to obtain successful long-term restorations [12,34,35]. Only sound dentin allows
an adequate bond strength, as inner and outer dentin present high percentages of bond
strength loss from 25% to 66%, respectively. This important decrease in values is due
to the great demineralization in these carious zones [36–38]. A key point to accomplish
a suitable bond strength is to create a peripheral seal zone 1 to 3 mm wide, free from
soft dentin. Caries detector dyes and fluorescence techniques will help us to confirm the
absence of contaminated dentin outside our peripheral seal zone. Highly infected dentin
inside our seal area should be eliminated without exposing pulp chamber. Regarding the
bonding system, it is recommended to use a three-step total etch or a mild two-step self-
etching in order to obtain a great bond strength during selective caries removal [9,10]. With
this investigation, we pretend to compare success rates in minimally invasive techniques
and conventional procedures in order to know which one offers better results, as well as
studying pulp exposure in both techniques to evaluate its influence in success rates.

2. Materials and Methods

2.1. Study Desing

We performed a systematic review of randomized controlled trials that studied selec-
tive caries removal techniques and showed results of pulp exposure and success rates in
permanent dentition, including articles from the period from January 2008 to December
2022, covering only articles published in English. After that, we conducted a meta-analysis
with those articles that met our study requirements. We carried out a study selection accord-
ing to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA)
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guidelines for reporting systematic reviews. This investigation is property registered with
in Prospero database with this code: CRD42023390509 Prospero Register Code.

The search strategy was conducted using the population, intervention, comparison,
and outcome (PICO) framework based on the following question: “is the success rate of
selective caries removal techniques better than conventional ones?”

2.2. Inclusion Criteria

We have only included randomized controlled trials that compared selective and
non-selective techniques of caries removal in permanent teeth, as well as articles written in
English and with the full text available.

2.3. Exclusion Criteria

After conducting the systematic review and reviewing titles and abstracts of selective
procedures, we observed that the majority of investigations were focused on primary
dentition. Consequently, all articles that examined techniques in primary dentition were
excluded, as well as unfinished trials. This process is illustrated in the flowchart (Figure 1).

Figure 1. Flowchart showing systematic review.

2.4. Variables

After obtaining values of each kind of technique, we established a comparison between
them in order to know which one offers better results. All data was analyzed statistically.

Quality Assessment of the Included Studies

The risk of bias of each included study was estimated using the Cochrane risk bias
assessment tool, as it is represented in Figure 2. Most of these studies present a low risk of
bias, especially those that are more recent. Studies such as Jardim, Labib, or Maltz focus on
a type of procedure that must be performed in two appointments, making it impossible
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to blind patients. Casagrande’s study is retrospective, which makes some of the risk of
bias domains challenging to measure. However, random sequence generation, allocation
concealment, blinding, and reporting are well performed in these investigations.

Figure 2. Quality assessments of included studies:  indicates low risk of bias; represents an
unclear risk of bias; represents a high risk of bias [39–45].

2.5. Statistical Analysis

With respect to statistical analysis, we included normality test of quantitative variables
in order to apply parametric or no-parametric tests. If the data number is greater than 50,
we considered using a Kolmogorov–Smirnov test; or a Shapiro–Wilk test, in cases where
this value is less than 50. We performed a comparison of mean values of distribution in
quantitative variable of each group, that is determined by qualitative variable. When this
variable presents two categories, Student’s t test should be used, but in this case, we applied
the Mann–Whitney U non-parametric test, as there is a small sample. We used paired
sample test to prove if it is possible to accept, with 95% confidence, that there is a statistical
difference between variables. In this investigation, there is a small sample, so we used the
Wilcoxon non-parametric test. All statistical test were applied with a confidence level of
95% by using SPSS version 26.0 software.

2.6. Resources
Bibliographical Resources

Medical Database Pubmed-Medline was consulted, and social media ResearchGate
was used as a complement in order to obtain some full-text articles.

The key words used were “selective caries removal” and “incomplete caries removal”. A
cross-search was also performed using these terms: “selective caries removal and permanent”.

3. Results

After performing a complete review in the literature, only seven articles were included
in this metanalysis, as there are very few randomized trial controls that study the com-
parison of different caries removal procedures in permanent dentition. Besides this, there
is a lack of homogeneity in conventional and minimally invasive methods as we had to
mix similar procedures with variations in their protocols. In this manner, we categorized
these techniques into two types: minimally invasive techniques (MIT), which encompass
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selective caries removal to soft dentin, self-limiting techniques, and incomplete caries
removal. On the other hand, within conventional techniques (CT), we included selective
caries removal to firm dentin, step-wise techniques, and complete caries removal.

The results of the metanalysis are represented in Table 1. This table shows the sample
and the follow-up of every investigation, as well as a brief description of each technique.
Also, the percentages of success rate and pulp exposure are represented in the articles that
measured these values. Success rates comparisons of minimally invasive techniques and
conventional techniques are shown in Figure 3. Figures 4 and 5 show pulp exposure rates
in MIT and in CT. Not all investigations studied pulp exposure, so there is a lack of figures
in those columns. The Mann–Whitney Test indicated no significant difference between
both techniques, with a result of 0.2 (p-value > 0.05). The Wilcoxon Test yielded a value of
0.0, which is in close proximity to our significance threshold (p-value = 0.068).

Figure 3. Success rate comparison [41–43,45].

 

Figure 4. Pulp exposure and success rate in MIT [41–43,45].
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Figure 5. Pulp exposure and success rate in CT [41–43,45].

Table 1. Articles meta-analyzed.

Study and
Year

Sample
Follow-

Up
Minimally Invasive

Technique
vs.

Conventional
Technique

Success
Rate
MIT

Success
Rate
CT

Pulp
Exposure
in MIT

Pulp
Exposure

in CT

Goezetici,
2022
[39]

113
restora-

tions
2 years

Selective removal to
soft dentin: an amount
of carious tissue was

left over the pulp

Selective removal to
firm dentin: carious

tissue was completely
removed

96.7% 83.2% - -

Jardim,
2020
[40]

172
restora-

tions
5 years

Selective removal to
soft dentin: only

disorganized dentin
was removed

Stepwise excavation:
two-step complete

caries removal
79% 76% - -

Labib, 2019
[41]

106
restora-

tions
1 year Selective caries removal

in one step

Stepwise excavation:
two-step complete

caries removal
89.4% 84.9% 0% 8.9%

Ali, 2018
[42]

85
restora-

tions
1 year

Self-limiting technique:
use of microscope

combined with chemo
mechanical excavation

Conventional
technique: subjective
removal to leathery

dentin

90% 73.3% 3.4% 5.2%

Kohkar,
2018
[43]

123
restora-

tions

1, 5
years

Partial caries removal:
soft dentin was left over

the pulp

Complete caries
removal 92.5% 98% 0% 9.5%

Maltz, 2018
[44]

229
restora-

tions
5 years

Partial Caries removal:
selective caries removal

in one session

Stepwise excavation:
two-step complete

caries removal
80% 56% - -

Casagrande,
2017
[45]

477
restora-

tions
3 years Selective caries removal Complete caries

removal in one session 57.9% 57.9% 1.2% 9%

4. Discussion

While performing this meta-analysis, we realized how scarce the literature is regarding
the comparison between selective and non-selective removal procedures in permanent
dentition. Although there are several randomized control trials on primary teeth [46–49],
it is very difficult to find these types of investigations on permanent teeth. Furthermore,
some of these studies on permanent teeth are still unfinished [50,51]. Another complication
during this investigation was the lack of homogeneity of all techniques, which forced us to
include similar procedures that presented variations in their protocols in the same study
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group [39–45]. We believe that further research should be conducted to investigate various
techniques in order to establish a gold standard method that unifies proven successful
protocols for the selective treatment of caries. A comprehensive exploration of these
methods will contribute to the development of standardized techniques that guide our
treatments in a minimally invasive direction, reducing trauma and costs for the patient.

Nowadays, minimally invasive dentistry, as well as biomimetic dentistry, has gained a
lot of importance in our dental offices. However, when it comes to the treatment of caries,
the majority of professionals still prefer to use conventional techniques, and there is limited
documentation in the literature. According to this new treatment philosophy, we aim to
be as conservative as possible with dental tissues. Specifically, when referring to caries
removal, we should try to preserve the dental pulp and maintain the vitality of the affected
tooth [2,3].

With this investigation, we aim to compare if minimally invasive caries removal
techniques present better results than conventional ones and if pulp exposure that may
occur while performing these procedures may influence their success. All the articles
we analyzed present a comparison between a less invasive technique and another more
invasive one, so we divided the procedure into two kinds: minimally invasive techniques
and conventional techniques. In minimally invasive techniques (MIT), we included the
following procedures: selective caries removal to soft dentin in one step [39–41,45], self-
limiting technique [42] and partial caries removal [43,44]. All of these procedures are
associated with conservative dentistry and demonstrate a high level of respect for pulp
tissue. The self-limiting technique consists of an experimental protocol that combines the
use of a clinical microscope with the chemomechanical removal of deep carious tissue
using Cariosolv gel [42]. In conventional techniques (CT) we considered the following:
selective caries removal to firm dentin [38], step-wise excavation [40,41,44] and complete
caries removal [42,43,45]. Both selective caries removal to firm dentin and complete caries
removal are too invasive as they do not respect affected dentin at the pulp wall. In these
conventional procedures, all affected and infected dentin is removed from the cavity, even
though pulp exposure may occur.

The step-wise procedure is based on the elimination of decayed tissue in two appoint-
ments. During the initial visit, carious dentin is excavated from the surrounding walls while
maintaining affected dentin at the pulpal wall. Subsequently, a temporary seal is applied
for 6 or 9 months, aiming to isolate microorganisms and control caries progression. In a
follow-up visit, the cavity is reopened to complete the excavation, and the final restoration
is placed [43]. Although this technique is more respectful to pulp tissues than complete
removal procedures, it is not considered a minimally invasive procedure due to the dura-
tion of the temporary restoration and the increased number of dental appointments. As
evidenced in the literature reviewed for this investigation, minimally invasive techniques
yield excellent results within a shorter procedural time, sparing the patient from the need
for two complex appointments. On the other hand, complete caries removal is a traditional
technique that is less conservative and may cause harm to the pulp in many cases. By
opting for selective caries removal, we can preserve pulp vitality, thereby avoiding the
need for endodontic treatment, which is a significant benefit for the patient.

Initially, we compared the success rates of minimally invasive techniques (MIT) with
those of conventional techniques (CT). Mean values in MIT (83.6%) are higher than CT
ones [75.4%], indicating that selective techniques seem to be slightly more effective than
conventional ones. By analyzing these results, it becomes evident that minimally invasive
techniques are a superior alternative to conventional techniques when treating deep carious
lesions. Not only do MITs exhibit higher success rates compared to CT, but they also
offer multiple advantages to both professionals and patients. On one hand, MITs are less
traumatic for the patient, preserving more hard tissue and maintaining pulp vitality. By
avoiding endodontic treatment, our restorations become easier to perform and may have a
longer lifespan when performed correctly. Additionally, in most cases, we can reduce the
number of appointments and the overall duration of the treatment.
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Another important factor to take into account is that the follow-up period in the
studies is relatively short. Most studies have a follow-up period of 1 to 3 years, while only
two articles have a follow-up of 5 years [40,44]. Therefore, it would be desirable to have
more long-term investigations to compare success rates. Fortunately, there are some long-
term studies that are currently underway and are expected to yield new and interesting
results about minimally invasive procedures [50,51]. We anticipate incorporating these
investigations into future analyses. After performing Mann–Whitney U to compare mean
values between MIT and CT success rate, the results showed that there was not a statistically
significant difference between these variables (p-value > 0.05).

Regarding pulp exposure percentages, minimally invasive techniques present a lower
incidence of this complication compared to conventional procedures. It is conceivable that
conventional techniques result in greater tissue removal. As a result, it is more probable
that they will harm the dental pulp and compromise the success of our restorations. In
our opinion, pulp exposure is a crucial aspect to consider when treating deep carious
lesions. This characteristic should be assessed in every study to demonstrate the level of
conservatism of a caries removal technique. New research should focus on the frequency
of treatments leading to pulp exposure and establish a comparison between procedures.
Unfortunately, only four out of the seven articles included in this meta-analysis reported
rates of pulp exposure. [41–43,45]. While MIT presents 1.2% of pulp exposure, this value in
CT is 8.1%; almost seven times higher than the previous one.

An important aspect that we needed to consider in our investigation was whether the
rates of pulp exposure were influenced by the type of procedure used for caries removal.
So, we analyzed both variables statistically using Wilcoxon non-parametric test, due to the
small sample of this investigation. The results of this analysis showed that there was no
significant difference between both techniques (p-value > 0.05) and therefore, pulp exposure
was not influenced by the kind of procedure. However, the p-value is very close to our limit
of significance (p-value = 0.068), and since our sample size is very small, it is acceptable to
assume that if we could have included more studies in our meta-analysis, the difference
could have been significant.

The current trend in dentistry is to orient our treatments in the most conservative way.
Other areas, such as surgery or prosthesis, present new minimally invasive techniques that
reduce trauma to the patient, as well as the duration of treatment. However, when it comes
to caries removal, in most cases, a conventional treatment protocol is still implemented,
consisting of eliminating all carious tissue without respecting pulp vitality. Minimally
invasive caries removal techniques, such as selective treatments, are a great alternative
to complete removal procedures, showing good results in success rates of restorations
and pulp exposure rates. Adapting our restorative protocols to selective caries removal
techniques allows us to offer significant benefits to patients without increasing the risks or
economic and time costs. With regard to the materials needed to perform minimally inva-
sive techniques, caries detector dyes and fluorescence devices are utilized for delineating
the boundaries of our restorations, facilitating the establishment of a proper peripheral seal
and ensuring correct bonding. However, these materials are not always precise, and often
result in excessive tissue removal and overpreparation. Therefore, new techniques and
devices should be designed to be as respectful and minimally invasive as possible [11,29,30].
If we are very careful with our bonding protocol and follow selective removal procedures,
we can preserve affected dentin at the pulpal wall, controlling the progression of caries.
After restorative procedure, It is important to maintain a close follow-up to observe how
pulp tissue responds to minimally invasive techniques while measuring pulp vitality.

In our opinion, selective removal procedures should be further investigated with
larger samples in multicentric and long-term studies to obtain a gold-standard treatment
protocol that could be as respectful as possible to pulp tissues, as well as very conservative
with hard tissues. This way, with reliable and reproducible results, professionals worldwide
can opt for selective procedures rather than conventional ones.
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5. Conclusions

1. Using minimally invasive techniques for caries removal presents slightly better success
results than conventional techniques, although this difference is not significant.

2. Minimally invasive techniques result in a lower percentage of pulp exposure than
conventional ones, which may lead to improved success rates in those techniques.

3. More long-term RCTs in the permanent dentition are required to demonstrate whether
there is a significantly reduced risk of pulp exposure and higher success in preserving
pulp vitality when minimal invasive caries removal techniques are applied.
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Abstract: Background and Objectives: Caredyne ZIF-C is a novel, capsule-mixed zinc-containing pro-
totype glass ionomer cement (GIC). Zinc ions are reported to inhibit root dentin demineralization,
dentin collagen degradation, bacterial growth, acid production, and in vitro bacterial biofilm forma-
tion. However, the effectiveness of GICs against initial root caries lesions is unclear. Therefore, this
study aimed to evaluate the efficacy of GICs, especially the new zinc-containing Caredyne ZIF-C
GIC, as tooth-coating materials in patients with initial active root caries. Materials and Methods: A
total of 58 lesions in 47 older adults (age > 65 years) were randomly allocated to one of the following
three groups: Caredyne ZIF-C, Fuji VII (a conventional GIC), and sodium fluoride (NaF). All the
lesions were treated with the assigned materials without removing the infected dentin, and the rates
of dental plaque attachment and coating material fall-out were evaluated after 3, 6, and 12 months.
The failure rate was defined as the number of teeth that needed restoration due to caries progression.
Results: The plaque attachment rates tended to be lower in the material-coated root surfaces than in
the healthy exposed root surfaces after 3, 6, and 12 months, although the differences among the three
groups were not significant. Moreover, the coating material fall-out rate tended to be lower in the
Caredyne ZIF-C group than in the Fuji VII group. There was no significant difference in the failure
rate among the three groups at the 12 months mark. Conclusions: Though this pilot study offers a new
direction for suppressing the progression of initial active root caries by controlling plaque attachment
using GICs including Caredyne ZIF-C, clinical studies with a larger sample size are needed.

Keywords: root caries; secondary prevention; glass ionomer cement; Caredyne ZIF-C; biofilm

1. Introduction

The worldwide increase in life expectancy and advances in dental care have led to
the increased retention of teeth in older individuals. However, the prevalence of gingival
recession increases with age; therefore, the incidence and prevalence of root caries in this
population have also increased, currently posing a significant problem worldwide [1,2].
Root surface dentin has a critical pH of <6.4, which is higher than that of enamel (<5.5),
as well as a lower mineral content than that of enamel, making it more susceptible to
caries [3]. Additionally, it is difficult to determine the range of repair treatment for initial
root caries because the margins of the lesion are unclear, and the removal or repair of the
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lesion is challenging in many cases. Moreover, teeth damaged by root caries often need to
be extracted, resulting in reduced oral function. Therefore, demineralization and formation
of new root caries lesions should be prevented by improving the acid resistance of root
surfaces susceptible to caries.

For initial demineralized lesions, a non-invasive treatment to inhibit caries progression
and achieve the remineralization of the infected root dentin without “drilling and filling” is
considered more beneficial for patients [4,5]. Several approaches have been proposed for
inactivating root caries lesions, most of which involve the use of fluoride. In the literature
review by Gluzman et al. [6], the recommendations for secondary prevention of root caries
in the general adult population and vulnerable older individuals are the daily usage of a
4500–5000 ppm sodium fluoride (NaF) toothpaste gel as self-care and the application of
22,500 ppm NaF varnish every 1–3 months as professional care. According to the meta-
analysis by Wierichs et al., dentifrices containing 5000 ppm fluoride or 1450 ppm fluoride
with 1.5% arginine were more effective at inactivating root caries lesions (inactivating 51%
more root caries lesions with 5000 ppm fluoride and 21% with 1450 ppm fluoride with 1.5%
arginine) than dentifrices containing 1100–1450 ppm fluoride [7]. Another meta-analysis
reported that, compared with no treatment, the use of a 38% silver diamine fluoride solution
alone or with potassium iodide applied annually, 5% NaF varnish, or 1% chlorhexidine
with 1% thymol varnish was associated with a two to three times greater chance of arresting
or reversing root surface lesions, although the certainty of the evidence was very low [8].

In contrast, only few clinical studies have investigated the efficacy of tooth surface-
coating materials in the secondary prevention of the demineralization of root caries lesions,
although the dentin adhesives used as sealants in these studies have shown promising
results in preventing further demineralization [9,10]. A few in vitro studies investigating
the efficacy of dentin sealants in preventing root caries have claimed that dentin bonding
can stabilize caries-affected areas by protecting the exposed surfaces and preventing the
progression of demineralization [11,12]. Though bonding sealant acts as only a physical bar-
rier shielding the lesion from further acid attacks, it could serve as an alternative approach
for patients with initial root caries who have difficulty in receiving frequent professional
care involving fluoride application or self-care with high-concentration fluoride dentifrices.

Glass ionomer cements (GICs) have been used as restorative materials. GICs are
commonly used in the treatment of advanced root caries [13,14], as these have proven
useful in cases of the extension of caries to the subgingival area or when moisture control is
difficult [4]. GICs adhere to the tooth surface directly and release fluoride, which inhibits
bacterial growth and enhances tooth structure by forming fluorapatite [15]. Remineral-
ization can occur owing to changes in environmental conditions that spread within the
dental biofilm-covered carious lesions [16]. Thus, controlling and inhibiting dental biofilm
formation or the application of materials that have an effect on hardening dentine could
inhibit demineralization and promote remineralization. An in vitro study using a bovine
carious dentin model showed that both conventional GIC and a mineral trioxide aggregate
induced mineral density gain [17]. In previous clinical studies, GIC sealants were shown to
be effective in reducing the progression of initial enamel proximal caries [18] or arresting
microcavitated (ICDAS 3) coronal carious lesions [19]. Therefore, the application of GICs
as a coating material is expected to inhibit dental biofilm formation and surface root caries
progression, and its effectiveness is expected to be higher than that of resin bonding, which
is another candidate coating material which has no antibacterial or remineralization effects.

Caredyne ZIF-C (GC Dental Industrial Corporation, Tokyo, Japan) is a novel capsule-
mixed zinc-containing prototype GIC, which is a commercially available variant of GIC
Caredyne Restore; it contains a BioUnion filler [20] and releases calcium, fluoride, and
zinc ions. Reportedly, zinc ions can inhibit root dentin demineralization, dentin collagen
degradation, bacterial growth, acid production, and biofilm formation in vitro [21–27].
Using GICs as coating materials for initial active root caries not only physically protects
carious lesions but is also expected to suppress root caries progression through their anti-
biofilm effects and improvement of dentine structure through the incorporation of fluoride.
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Caredyne ZIF-C would have an especially strong effect as it contains zinc in addition to
fluoride. However, to the best of our knowledge, no clinical study has reported on the use
of GICs as coating materials for the management of initial root caries; therefore, the effect of
GICs against plaque attachment, caries progression, or remineralization of initial root caries
lesions is unclear. Thus, our research objective was to assess the extent of stabilization of
root caries lesions with GICs as the tooth-coating materials. Focusing on the regulation
of biofilm formation, the aim of this study was to evaluate the effects of Caredyne ZIF-C
and a conventional GIC (Fuji VII Capsule; GC Dental Industrial Corporation, Tokyo, Japan)
on dental biofilm attachment on initial active root caries, in comparison to a NaF solution.
Moreover, we assessed the failure rate, which was defined as the need for restoration due
to caries progression. The NaF solution was selected as the target for comparison because
it is commonly used in Japan. We hypothesized that Caredyne ZIF-C, which contains
zinc in addition to fluoride and inhibits biofilm formation more significantly than Fuji VII
in vitro [21], would have the highest plaque attachment inhibitory effect; we conducted a
pilot randomized controlled trial that included 18 teeth in each group.

2. Materials and Methods

2.1. Study Design

This pilot randomized controlled trial was conducted at three universities in Japan
using a parallel-group design. The study protocol was reviewed and approved by the
Ethics Committee of the Osaka University Graduate School of Dentistry (H30-E40-3), the
Ethics Committee of Niigata University (Approval number 2019-0007), and the Ethics
Committee of Tokushima University Hospital (3573-3) and was registered prior to partici-
pant recruitment with the University Hospital Medical Information Network-Clinical Trial
Registry (UMIN-CTR; No. UMIN000035609, registered on 22 January 2019).

2.2. Recruitment

Older patients (age > 65 years) were recruited at three university hospitals: Osaka Uni-
versity Dental Hospital, Niigata University Medical and Dental Hospital, and Tokushima
University Hospital. The inclusion criterion was the presence of at least one permanent
tooth with initial active root caries lesions, specifically those classified as code 1 of the
International Caries Detection and Assessment System (ICDAS II) classification [28] and
soft/leathery lesions. Patients with advanced root caries that needed drilling and those who
could not visit the hospital every 3 months were excluded from this study. The informed
consent form was explained to and read by the patients, and written informed consent was
obtained from all the participants prior to clinical examinations.

2.3. Baseline Examinations

Clinical examinations were performed, and information regarding the number of
remaining teeth, the decayed, missing, and filled teeth score, and the plaque control record
was obtained. The root caries lesions were also assessed by means of a visual and tactile
examination to evaluate the color (yellow/light brown/dark brown/black) and hardness
(soft/leathery). Saliva was stimulated using a gum provided in the kit and was collected to
calculate the salivary flow rate and the salivary bacterial counts. The Saliva-Check LAB®

(GC Dental Industrial Corporation, Tokyo, Japan) was used according to the manufacturer’s
instructions to estimate streptococci, mutans streptococci, and lactobacilli counts using a
real-time polymerase chain reaction, as previously reported [29].

2.4. Randomized Allocation

An independent researcher performed randomization using a random number table.
The original random allocation sequence was maintained at a separate location. The patients
were randomly allocated in a double-blind manner to one of the following three treatment
groups: Caredyne, FUJI VII, and NaF. If a patient had multiple teeth with root caries lesions,
more than two teeth per patient were included in the study; however, the same treatment
method was applied to all teeth in an oral cavity.

44



Medicina 2024, 60, 150

2.5. Interventions

The tooth-coating materials used in this study (two sealants and one fluoride solution)
are shown in Table 1.

Table 1. Tooth-coating materials used in this study.

Material Composition Manufacturer

Caredyne ZIF-C

Powder: fluoroaluminosilicate glass,
fluorozincsilicate glass (BioUnion filler),
polyacrylic acid
Liquid: polyacrylic acid, distilled water,
polybasic carboxylic acid, phosphoric acid

GC Dental Industrial Corporation, Tokyo,
Japan

FUJI VII capsule
Powder: fluoroaluminosilicate glass
Liquid: polyacrylic acid, distilled water,
polybasic carboxylic acid

GC Dental Industrial Corporation, Tokyo,
Japan

Sodium fluoride solution 2% 2% acidulated phosphate sodium fluoride BEE BRAND MEDICO DENTAL. CO.,
LTD, Osaka, Japan

The target teeth were professionally cleaned and isolated using cotton rolls; the saliva
was removed using a cotton pellet, and the teeth were dried using a three-way syringe.
The allocated material was then applied without removing the carious dentin. The fluoride
solution was applied for 4 min. For the sealants, the tooth surface was first treated with a
cavity conditioner for 10 s and then washed and dried. The sealants were mechanically
mixed for 10 s (Capsule Mixer CM-II; GC Dental Industrial Corporation, Tokyo, Japan),
applied to the root surface, and coated with varnish.

2.6. Follow-Up Examinations

Follow-up examinations were conducted at 3, 6, and 12 months after the baseline by
the same examiner. The color and texture of the lesions and the adhesion of the sealants
were evaluated via an inspection. The hardness of the lesions was estimated by means of
palpation using a Community Periodontal Index (CPI) probe [30,31]. The color and hardness
of the lesions and the degree of demineralization in the GIC groups were evaluated to
the extent possible, even in cases wherein the coating material was detached. The rate of
attachment of dental plaque was assessed based on oral photographs obtained after staining
the plaque with Butler GUM RED-COTE (Sunstar, Osaka, Japan). The root surface area and
plaque attachment area on the oral photographs were measured using a polygon selections
tool in an image analysis software (ImageJ version 1.53; NIH, Bethesda, MD, USA), and the
residual rate of plaque on the root surface was calculated. Healthy exposed root surfaces in
each participant were used as the control. We selected the same type of tooth as the coated
tooth to the extent possible in the following priority order: adjacent tooth, opposite tooth,
and opposing tooth. The image analysis was performed by an independent researcher who
was blinded to the treatment groups, and the data were encoded. The failure rate was
calculated by the number of teeth that needed restoration due to caries progression. The
fluoride solution in the NaF group was applied every 3 months, whereas the GIC sealants
in the Caredyne ZIF-C and Fuji VII groups were re-applied only if a partial or complete loss
of the sealant was noted. Calibration was performed before the start of the trial to ensure
the uniformity of the assessment methods and techniques.

2.7. Sample Size

No previous clinical studies were available for reference regarding sample size calcu-
lation; therefore, a minimum of 15 teeth were estimated to be required in each group [32].
Assuming a 15% dropout rate, 18 teeth were included in each group in this study.
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2.8. Statistical Analysis

All statistical analyses were performed using SPSS ver. 22.0 (IBM SPSS Inc., Armonk,
NY, USA). This study was conducted under the intention-to-treat principle. Fisher’s exact
test was used to analyze the sealant material fall-out rate, the failure rate, the baseline
characteristics of the teeth, and potential sex differences. The Kruskal–Wallis test was used
to assess the residual rate of dental plaque and compare the patient characteristics at the
baseline. Spearman’s rank correlation coefficient analysis was used to assess the correlation
between salivary flow and dental plaque accumulation. The level of statistical significance
was set to 5%.

3. Results

Fifty-one older adults (65 teeth) underwent dental examinations at the three university
hospitals between April 2019 and April 2022, and 47 individuals (58 teeth) who met the
eligibility criteria and agreed to participate were enrolled in this study. After 3, 6, and
12 months, the dropout rates were, respectively, as follows: 11.1%, 11.1%, and 22% in the
Caredyne ZIF-C group; 0%, 4.5%, and 31.8% in the Fuji VII group; and 0%, 11.1%, and 22%
in the NaF group (Figure 1).

Figure 1. Flowchart of the study participants. N = participants with root caries, n = root caries lesions.

The main reasons for dropout were related to hospitalization and COVID-19.
Table 2 presents the baseline demographic characteristics of the study participants; no

statistically significant differences were observed among the three groups in terms of any
of these variables.
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Table 2. Baseline demographic characteristics of the participants.

Caredyne Fuji VII NaF p-Value

Mean age (SD) 72 (5.5) 75 (6.2) 73 (6.4) 0.26
Sex 0.13
Male 7 (47%) 9 (60%) 4 (23.5%)
Female 8 (53%) 6 (40%) 13 (76.5%)
Mean number of remaining teeth (range) 24 (19–29) 20 (4–29) 24 (17–28) 0.26
DMFT (SD) 18.9 (6.9) 20.9 (4.6) 17.6 (5.8) 0.29
PCR (SD) 31.6 (12.8) 44.5 (17.8) 33.4 (16.5) 0.1
Salivary flow rate (mL/min)
Mean (SD) 1.37 (0.60) 1.04 (0.67) 1.03 (0.51) 0.19
≤1.0 mL/min (%) 33.3 53.3 52.9 0.28
>1.0 mL/min (%) 66.7 46.7 47.1 0.35
Salivary bacterial count
Streptococci (107/mL) 6.69 8.83 3.9 0.06
Mutans streptococci
S. mutans (104/mL) 2.7 6.1 3.6 0.11
S. sobrinus (105/mL) 0.4 10.3 1.7 0.18
Lactobacillus (107/mL) 1 13.8 5.3 0.25

Table 3 shows the distribution of tooth types and affected sites, which were scattered
among the three groups.

Table 3. Distribution of the tooth types included in this study.

Tooth Caredyne Fuji VII NaF

Maxilla
Incisor 4 (2) 2 (2) 8 (6)
Canine 2(2) 2 (1) 1 (1)
Premolar 5 (4) 3 (1) 1
Molar 3 (3) 1 3 (2)

Mandible
Incisor 0 2 (2) 2 (1)
Canine 1 6 (3) 0
Premolar 3 (1) 6 (4) 3 (3)
Molar 0 0 0

Parentheses indicate values for the teeth on the right side.

The baseline characteristics of the root caries lesions are presented in Table 4; no
statistically significant differences in color, texture, or hardness were observed.

Table 4. Baseline characteristics of the teeth.

Caredyne Fuji VII NaF

Color
Pale yellow 1
Light brown 10 9 8
Dark brown 6 6 4
Black 2 7 5

Hardness
Soft 2 5 1
Leathery 16 17 17

Figure 2 shows the fall-out rates of the Caredyne ZIF-C and Fuji VII coating materials.
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Figure 2. Fall-out rate of the coating materials. The hatched bar indicates partial defects. The numbers
above the bar indicate the sample size. Parentheses indicate partial defects. Fisher’s exact test, p > 0.05.

Although the material fall-out rate tended to be higher in the Fuji VII group, the
difference was not significant. The rate of partial loss of the material was higher in the Fuji
VII group than in the Caredyne ZIF-C group. The fall-out of material was not found to
be associated with lesions’ surface hardness or tooth type (Table S1). The detachment of
materials occurred more frequently on the defect side of the clasped tooth. Among the
lesions with fall-out, some had improved lesion texture, from rough to smooth, and lesion
hardness, from soft/leathery to hard, while others showed caries progression and needed
drilling and filling.

The outcomes related to the attachment rate of dental plaque are presented in Figure 3.

Figure 3. Rate of dental plaque attachment. “Test” indicates material-coated root surfaces, and
“control” indicates healthy exposed root surfaces. Circles represent outliers. “X” indicates the mean.
Kruskal–Wallis test, p > 0.05.
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Although the Kruskal–Wallis test did not reveal any significant differences among
the three groups in the rate of dental plaque attachment at 3, 6, and 12 months, the rates
tended to decrease in the treatment groups. There were no strong correlations between
the salivary flow rate and the rate of dental plaque attachment (3 months: rs = −0.027;
6 months: rs = −0.104; and 12 months: rs = −0.41).

Between 3 and 6 months after the baseline, one patient in each of the GIC groups
required restorative treatment due to the progression of root caries, resulting in failure rates
of 5.88% in the Caredyne ZIF-C group and 4.65% in the FUJI VII group (p = 0.621). The
treated teeth in both the Caredyne ZIF-C and Fuji VII groups were clasped teeth on the
defect side. Between 6 and 12 months after the baseline, one patient in each group required
restorative treatment due to the progression of root caries, and the failure rates were 6.25%
in the Caredyne ZIF-C group, 5.4% in the FUJI VII group, and 6.25% in the NaF group
(p = 0.998).

4. Discussion

Currently, high-concentration fluoride liquids or varnishes are used in professional
care to effectively arrest root caries lesions. In this study, we aimed to stabilize the lesions by
suppressing the progression of root caries as well as by physically protecting them from acid
challenges in the long term. In this pilot study, the following results were obtained. There
were no significant differences in the failure rates among the three groups at 12 months.
Although the plaque attachment rates tended to be lower in the GICs-coated root surfaces
than in the healthy exposed root surfaces, there were no significant differences. Moreover,
the coating material fall-out rate tended to be lower in the Caredyne ZIF-C group than in
the Fuji VII group. Although no significant differences were obtained, indicating a lack of
immediate clinical application, this study demonstrated the potential for managing initial
active root caries. Consequently, further clinical research in this area is warranted. While
fluoride application is widely used in the management of initial root caries, the results of
this study might lead to a new option for secondary prevention, which involves coating
root caries lesions with bioactive materials.

The fall-out rates for the GIC coatings used in this study were higher than those in the
daily treatment. In previous works, demineralization was reported to have a significant
effect on the dentin bond strengths of Caredyne ZIF-C and Fuji VII, though these bond
strengths were less influenced when compared to those of resin composites [33]; coating
root caries lesions without the removal of carious dentin may induce a higher fall-out rate.
In a study by Wicht et al., root caries lesions were sealed after the removal of the infected
dentin [9], whereas, in another study by Baysan et al., root sealant was applied to the
lesions without removing the carious dentin [10]. The removal of carious dentin prior to
coating a lesion is expected to reduce the fall-out rates of materials, although it has not yet
been established whether infected dentin should be removed or not.

The fall-out rates were approximately 20% (Caredyne ZIF-C group) and 30% (Fuji
VII group) in this study after 3 months and 6 months and increased to 30% (Caredyne
ZIF-C group) and 40% (Fuji VII group) after 12 months. Therefore, the recall period for a
GIC-coated tooth can be considered to be 6–12 months. Hence, compared to the established
fluoride treatments, the assumed interval of intervention will be longer in the GICs coating
approach. Meanwhile, since there were no significant differences in the failure rate (the
rate of teeth which needed restoration) after 12 months, it is indicative that coating with
GICs is as cost-effective as coating with fluoride. In particular, the protection of lesions
with GICs might have a potential advantage over fluoride application for patients who
have difficulty in frequently visiting a dental clinic or engaging in self-care. The defect
side of the clasped tooth appeared to have some difficulty retaining the coating materials;
therefore, it is recommended to avoid using them on clasped teeth.

Partial defects of the coating material were observed in the Fuji VII group. Nagasawa
et al. investigated the effects of saliva contamination and/or dentin demineralization
on the shear bond strength between bovine root dentin and Caredyne ZIF-C, Fuji VII,
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and resin composites [33]. They reported that cohesive failure was common with Fuji VII
regardless of the experimental conditions, although adhesive failure was also observed
with Caredyne ZIF-C, especially under demineralized dentin without saliva and with
severe saliva contamination. They also reported that the compressive strength, diametral
tensile strength, and flexural strength of Fuji VII were lower than those of other restorative
materials and that Caredyne ZIF-C was more difficult to wear and disintegrate than Fuji
VII and fell out in blocks, without chipping.

We have previously reported that Caredyne Restore (GC Dental Industrial Corporation,
Tokyo, Japan), a non-capsule-type Caredyne ZIF-C variant, inhibited Streptococcus mutans
biofilm formation in vitro by interfering with bacterial adhesion more effectively than
hydroxyapatite disks and FUJI VII (p < 0.05) [21]. Similarly, Nishida et al. reported that
zinc-fluoride glass nanoparticles (Zinc-F) suppressed S. mutans and Actinomyces naeslundii
biofilm formation; they hypothesized that Zinc-F had anti-biofilm effects and inhibited the
growth of oral bacteria by releasing multiple ions [34]. In the present study, although the
dental plaque attachment rate showed a downward trend, a significant difference was not
observed, unlike what had been expected. While the above in vitro studies evaluated anti-
biofilm effects after 24 h of incubation, we evaluated the residual dental biofilm 3 months
after professional cleaning, and biofilm maturation in this context might be different from
that observed in vitro, which may have led to non-significant results. To investigate the
effects of tooth-coating materials on bacterial adhesion, it is necessary to evaluate them
over a shorter period of time. Notably, Caredyne Restore was found to reduce biofilm
thickness and the ratio of live/dead bacteria in vitro [35]. It would be interesting to clarify
the multi-faceted effects of these tooth-coating materials on oral cavity biofilms. Another
potential reason for the non-significant results is the large variation in plaque attachment
rate in the controls (healthy exposed root surface) among the three groups. Therefore, we
will consider comparing the plaque attachment at the baseline as well as after coating the
materials on the same root surface in the future.

Kohno et al. reported that the concentration of Zn2+ released from a GIC-containing
BioUnion filler under acidic conditions over 7 days could be maintained at the level required
to hinder S. mutans and multi-species biofilm formation in vitro [35]. However, F- release
from both the GIC-containing BioUnion filler and Fuji VII gradually decreased over 7 days,
and its concentrations, although higher under acidic conditions, were below the level
required to inhibit S. mutans and multi-species biofilm formation in vitro. Furthermore, they
indicated that the GIC used in this study could recharge the Zn2+ and F- in the BioUnion
filler. Although there were no significant differences in the results obtained in this study,
considering that Caredyne ZIF-C is expected to have a sustained anti-biofilm effect due
to Zn2+ in addition to F- and that its fall-out rate tended to be lower than that of Fuji VII,
Caredyne ZIF-C might be more suitable than Fuji VII as a tooth-coating material for initial
active root caries. We look forward to the results from future large-scale clinical studies.

This study has some limitations, including its small sample size. Taking the results
of this study into consideration, the calculated sample size should be around 140 subjects
per group. Future research should include large multi-center prospective studies. Another
limitation was the fact that changes in cement-coated tooth surfaces were difficult to evaluate
unless the tooth-coating materials were removed. Therefore, the root caries preventive rate
or caries arrest rate could not be evaluated, and the only parameter that could be evaluated
regarding caries progression was the failure rate, defined as the need for restoration due to
caries progression. There were no significant differences in failure rates among the groups,
suggesting that root caries stabilization among the materials may be comparable. However,
one or two teeth in each group needed restoration, and measuring dentin hardness may have
allowed for a more detailed evaluation of the differences among the materials. Therefore, we
are considering an evaluation of the possibility of removing the cement without damaging
the caries lesion. Additionally, it is desirable to evaluate hardness in future research.

Based on the results of this pilot study, to verify the potential of GICs as coating mate-
rials against initial active root caries, it is necessary to improve the evaluation method for
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lesion surface hardness. Additionally, it is necessary to reevaluate the timing of evaluation
and determine the appropriate control for plaque attachment, as stated earlier. Further
research on this aspect is warranted.

5. Conclusions

Although no significant differences were noted in the failure rate and plaque attach-
ment rate among GICs coating and fluoride application, several areas for improvement
in the methods were noted for future research. Thus, this pilot study is the first step of a
clinical study using GICs as the tooth-coating materials for initial active root caries, and it
forms the foundation of the main study. Although fluoride application is the gold standard
in the field of root caries management, this pilot study may offer a new direction in the
management of initial active root caries, in which additional effects by coating can be
expected in addition to the anti-carious effects of GICs. Caredyne ZIF-C can especially
be expected to have anti-biofilm and anti-demineralization effects not only due to F- but
also due to Zn2+. Although there was no significant difference, the fall-out rate tended
to be lower than that of Fuji VII; therefore, it might be more desirable as a tooth-coating
material for the secondary prevention of root caries. As the next steps in research, we are
planning a study to assess the possibility of removing cement materials without damaging
the tooth surface to evaluate the latter’s hardness. Further, we are planning to conduct a
larger clinical trial that employs the contemplated approach for quantifying tooth hardness,
along with enhanced methodologies for assessing the rate of plaque attachment.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/medicina60010150/s1: Table S1: Characteristics of teeth in which
material fall-out was observed.
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Abstract: Background and Objectives: Silver diamine fluoride (SDF) has been incorporated into the
treatment of dental caries in children, mainly in countries with high caries prevalence. In Europe,
however, SDF started to gain popularity during the COVID-19 pandemic. This study aimed to
investigate the efficacy of SDF and to evaluate dentists’/parents’ acceptance of SDF use in paediatric
patients treated in a German university setting. Materials and Methods: A retrospective analysis of
all patients treated with SDF between 2017 and 2020 was carried out. Only teeth with no reported
clinical/radiographic evidence of irreversible pulpal inflammation were included. The outcome
measures were success, minor failures (caries progression, reversible pulpitis) and major failures
(irreversible pulpitis, abscess). The treatment acceptance by dentists and the parents of SDF-treated
children was cross-sectionally evaluated using questionnaires. Descriptive statistics and Kaplan–
Meier survival analysis were performed. Results: A total of 93 patients (mean age 5.3 ± 2.9 years)
with 455 treated teeth (418 primary/91.9%; 37 permanent/8.1%) were included and followed up for
up to 24 months (19.9 ± 10.5 months). SDF was used for dental caries (98.2%) and hypersensitivity
relief on MIH teeth (1.8%). Most teeth did not show any failure (total success 84.2%). A total of 5 teeth
(1.1%) showed minor failures, and 67 teeth (14.7%) showed major failures (p = 0.001). Success/failure
rates were not affected by patient compliance, gender, dentition, or operator (p > 0.05). In total,
30 questionnaires were collected from parents (mean age 36.8 ± 6.4 years). SDF was applied on
anterior (n = 2/6.7%), posterior (n = 15/50%) and anterior/posterior teeth (n = 13/43.3%). At the
1-week follow-up, 80% of parents noticed black teeth discoloration. Treatment satisfaction was higher
for posterior (95.2%) than for anterior teeth (36.4%; p < 0.001). In the 27 responses from clinicians, SDF
was generally considered a viable option in paediatric dentistry (n = 23; 85%). Conclusions: SDF was
found to be effective and well-accepted by parents and dentists for caries inactivation in a paediatric
dentistry German university setting.

Keywords: dental caries; silver diamine fluoride; treatment outcome; paediatric dentistry; parents

1. Introduction

Dental caries in children remain a global oral health issue to this day. Multiple risk
factors have been associated with this issue, such as poor oral hygiene and dietary habits as
well as altered oral bacterial flora. The increasing prevalence, especially in countries with
low socio-economic status, present as a burden and challenge to its management. Hence,
biological-based minimally invasive treatment strategies have been widely advocated in
the recent literature [1]. First developed in the late 1960s, silver diamine fluoride (SDF) has
been a research topic of interest, particularly in the last decade [2]. It has been thoroughly
investigated and several systematic reviews have demonstrated its effectiveness in arresting
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caries in primary teeth, showing up to 91% success rates with biannual application [3–5].
This led the World Health Organisation to list it as an essential medicine for the treatment of
carious lesions [6]. SDF has been largely researched in countries with high caries prevalence
and regions with limited access to dental care [7–9].

The growing evidence on its effectiveness has led to its adoption worldwide including,
but not limited to, in Australia, Brazil, Hong Kong, Japan, and the United States [10].
On the other hand, in Europe, treatment with SDF has been very limited due to the
lack of national guidelines and its restricted off-label use. It has been proposed as an
alternative option for young children presenting with high caries levels or low cooperation
for invasive restorative therapy. In this regard, the European Organisation for Caries
Research (ORCA), the European Federation of Conservative Dentistry (EFCD) as well as
the German Association of Conservative Dentistry (DGZ) published, in a recent consensus
statement, a recommendation of high-strength that SDF can be successfully used in the
treatment of ECC [11]. SDF became further widespread during the COVID-19 pandemic,
as it is considered as a non-invasive, non-aerosol-generating procedure [10,12].

Considering the lack of research on SDF use in Europe, this study aimed to investigate
the clinical efficacy and acceptance by dentists and parents of paediatric patients treated
with SDF application in Germany in a university dental setting.

2. Materials and Methods

2.1. Ethical Approval and Study Outline

Ethical approval was obtained from the Research Ethics Committee of the University
of Greifswald under protocol number BB-142/20. This study comprised two different
designs: a retrospective analysis and a cross-sectional questionnaire-based analysis.

2.2. Retrospective Analysis

Electronic records of all patients treated with SDF at the Preventive and Paediatric
Dentistry Department in the University of Greifswald, Germany were retrospectively
collected and followed up to evaluate the effectiveness of SDF treatment.

Study sample and inclusion and exclusion criteria

All patients, irrespective of age or health status, without baseline clinical or radio-
graphic signs/symptoms of pulpal/periapical pathology, who were treated with SDF at
the University of Greifswald Paediatric Department between January 2017 and February
2020, and who had attended at least one follow-up appointment (until February 2022),
were included in the study. Patient records with insufficient documentation were excluded.

Clinical procedure

The SDF product used was Riva Star® (SDI Limited, Victoria 3153, Australia), which
includes two bottles that are applied sequentially: bottle/step 1 corresponds to 38% SDF
solution and bottle/step 2 contains potassium iodide (KI) solution (to lower the risk of
black staining). The tooth is first cleaned, and debris removed. Soft tissues are protected
using cotton rolls and petroleum jelly. SDF solution is then applied on the carious lesion
using a micro brush after drying the tooth. The treatment was performed in a chairside
setting by 8 dentists, 5 of whom were paediatric dental specialists and 3 were postgraduate
paediatric dentistry (PD) students with at least 2 years of working experience, all following
the department’s standard protocol for caries management in children and trained in
treating children with SDF.

Outcomes

Recorded data comprised demographics (age, gender, address, medical status) and
clinical baseline findings (d3mft/s-D3MFT/S index, clinical diagnosis, severity level of
carious lesions using ICDAS index, radiographic and pulpal status, etc.). Outcome mea-
sures were assessed according to the last follow-up session using criteria modified from
Innes et al. (2006) (Table 1) [13]. Data collection was based on the documentation obtained
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from the dental records. Documentation following treatment at the Preventive and Paedi-
atric Dentistry Department was completed in a thorough and standardised manner using
pre-set text for each procedure with the possibility to add or change notes when needed.
Only patients with the sufficient documentation necessary for the study were included. Sim-
ilarly, data were collected and decoded by the main investigator (RA) and reviewed by at
least one co-investigator each time in a standardised manner using a Microsoft Excel (2020)
spreadsheet prepared for the purpose of this study with the above-mentioned variables.

Table 1. Assessment criteria for the outcome analysis of treated teeth considering the two indications
for SDF use.

Success

Dental caries

• Caries arrested (hardness/softness; lesion feels hard on gentle probing; characteristic SDF
discoloration/black staining reported) and no further treatment required.

• Caries arrested and tooth restored.
• No clinical signs or symptoms of irreversible pulpal pathology.
• Tooth exfoliated without minor or major failure.

Dentin hypersensitivity (due to MIH)

• Reported reduced MIH hypersensitivity, tooth not restored.
• Reported reduced MIH hypersensitivity, tooth then restored.

Minor Failure

Dental caries

• Caries progression (hardness/softness; soft/leathery lesion on gentle probing; partially
achieved/no reported SDF discoloration/black staining).

• Signs or symptoms of reversible pulpitis treated without requiring pulpotomy or extraction.

Dentin hypersensitivity (due to MIH)

• Hypersensitivity persisted and required other treatment without pulpotomy or extraction.

Major Failure

• Signs or symptoms of reversible pulpitis (no spontaneous pain) requiring pulpotomy.
• Signs or symptoms of irreversible pulpitis (spontaneous/persistent pain) or dental abscess

requiring pulpectomy or extraction.

2.3. Cross-Sectional Questionnaire-Based Analysis

Questionnaires were created to assess dentists’ and parents’ acceptance of SDF treat-
ment in children. The created questionnaires were first pilot tested with two paediatric
dentists and five parents to ensure that they were comprehensible and acceptable to the
target groups. No major flaws in the design of the questionnaires were revealed and
the participating parents did not report any difficulty in answering the questions. Minor
changes regarding the questionnaire structure, language, and format were made.

Sample size calculation

For the dentists’ questionnaire, all identified dentists using SDF at the University of
Greifswald Paediatric Department were invited to participate in the study. However, for
the parents’ questionnaire, the sample size was calculated according to initial results of the
retrospective analysis (see Section 3.1). By assuming that around 400 patients received SDF
annually, the sample size was calculated with population size = 400, confidence level 95%
and a margin of error 20%, which, in turn, resulted in at least 23 participants to be included.
Adding loss of responses due to missing data in the questionnaires (about 30%), a total
sample size of 30 parents was determined.

Study participants
Parents/caregivers

The main investigator (RA) screened regular clinic attendees for eligible patients and
consecutively recruited 30 participants according to the inclusion criteria. Only parents
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whose children were to be treated with SDF and who fully completed the first and follow-up
questionnaires were included.

After obtaining a signed informed consent form, two questionnaires were distributed
to the parents before and after one week of SDF application. The first questionnaire
included a 12-item fill-in and Likert-scale questions covering participants’ demographics
and assessing parents’ perception of the SDF procedure performed in terms of child comfort
and behaviour during application and treatment duration. Meanwhile, the follow-up
questionnaire consisted of 14-item fill-in and Likert-scale questions. The primary survey
question was whether dark staining on the treated teeth was noticed by the parents or not,
and if noticed, their opinion about it. Possible responses ranged from “very acceptable” to
“very unacceptable”. The secondary questions further explored parents’ opinion of 3 main
aspects related to the treatment: aesthetics, pain/complaints and SDF as a treatment option
of carious lesions.

Dental practitioners

The dentists surveyed included paediatric dental specialists and post-graduate PD
students all treating children on a regular basis. The questionnaire included 4 fill-in items
regarding dentists’ experience and qualifications and 12 Likert-scale statements aimed
at exploring dentists’ acceptance and experience with SDF. Possible responses ranged
from “totally agree” to “totally disagree”. To explore acceptance, dentists were asked if
they considered SDF a good treatment option for ECC or avoided it due to the associated
black staining.

2.4. Statistical Analysis

Statistical analysis was carried out using SPSS (IBM Corp. Released 2017. IBM SPSS
Statistics for Mac, Version 25.0. Armonk, NY, USA: IBM Corp.). Descriptive statistics
were applied to describe patient characteristics and conditions of treated teeth. Chi-square
statistics were used to test relationships between categorical variables. Survival analysis
using the Mantel–Cox method and a Kaplan–Meier curve were used to report mean time
until treatment failure as well as the Log-rank test. A Mann–Whitney U test was performed
to test the differences in the acceptance of SDF treatment. The level of significance was set
at 0.05.

3. Results

3.1. Patient Profiles and Characteristics

The dental records of 1202 patients were initially retrieved. The data were filtered and
assessed according to the inclusion criteria. In total, 93 patients had sufficient documen-
tation and attended at least one follow-up appointment. The demographic and clinical
characteristics are presented in Table 2.

Table 2. Demographics and clinical characteristics of the study sample.

Characteristics (n = 93)

Age, mean (SD) 5.3 years (2.9)

Gender, n (%)
Female 45 (48.4)

Male 48 (51.6)

Caries experience,
mean (SD)

d3mft 6.3 (4.1)

d3t 4.9 (3.9)

D3MFT 2.5 (3.7)

D3T 1.6 (2.8)

Medical history, n (%)
Medically unfit 13 (14)

Medically fit 80 (86)
SD = standard deviation; d = decay; m = missing; f = filled; t = teeth.
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The patients’ age ranged from 1 to 17 years (±5.3 years). A sum of 455 teeth were
treated with an average of 4.9 teeth per patient. Most of the treated teeth were primary
teeth (n = 418; 92%). Only 41 patients (44%) had a recent radiograph available within the
last year, almost all (93%) showing carious lesions at the dentin level (ICDAS 4–6). A total
of 52% of the patients had a very negative or negative cooperative level. Dental caries was
the main reported diagnosis (98.2%), along with a few cases of hypersensitivity due to
MIH (n = 8; 1.8%). Patients mean d3mft/D3MFT was 6.3/2.5. The patients were treated
by a postgraduate paediatric dentistry student (46.2%) or by a paediatric dental specialist
(53.8%). Regarding the side effects of SDF application, only a few cases of sensitivity (7.5%)
were reported during the application of the product. Other than the black staining of the
carious lesions (98%), no adverse effects were reported in this study.

3.2. Clinical Efficacy and Indication

After 2 years of SDF application (19.9; SD = 10.5 months), follow-up data were col-
lected, and the outcome of the treatment was evaluated according to the success/failure
criteria (Table 3). The SDF treatment showed an overall success rate of 84.2%. There were
5 teeth (1.1%) presenting with minor failures and 67 teeth (14.7%) with major failures
(p = 0.001). Besides dental caries, SDF was also used in the treatment of MIH-associated
hypersensitivity in permanent first molars. Out of the eight treated permanent first molars,
five required further restorative treatment due to persisted hypersensitivity, and one was
extracted under general anaesthesia. Excluding MIH, the success rate of treated teeth due
to dental caries was 85.2% with around two-thirds (57.2%) of carious teeth arrested, but not
restored. The other 42.8% of teeth were restored after lesion inactivation.

Table 3. Treatment outcome of SDF-treated teeth due to dental caries only.

Outcomes n (%) Treatments Performed n (%)

Success *
381 (85.2)

No restorative treatment performed
218 (57.2) Further follow-ups ** 218 (48.8)

Further restorative treatment performed
163 (42.8)

SMART-Hall using PMC 79 (17.6)

Filling (Composite/Compomer) 50 (11.2)

SMART-Technique with GIC 22 (4.9)

Anterior strip crowns 12 (2.7)

Minor Failure Caries progression/Secondary caries
0 (0)

Major Failure 66 (14.8)
Irreversible pulpitis/Abscess
66 (100)

Extraction 55 (12.3)

Pulpotomy 11 (2.5)

Total 447

* Caries arrested; no signs/symptoms of irreversible pulpal pathology. ** Oral hygiene follow-ups involve bacterial
plaque disclosing, tooth-brushing training, fluoride use, and application according to age, parental/patient active
involvement, motivation, and reinforcement, etc. Glass Ionomer Cement (GIC): Silver Modified Atraumatic
Restorative Treatment (SMART). SMART-Hall: after SDF application, teeth are restored using preformed metal
crowns (PMC).

After SDF application, the mean survival time for primary and permanent teeth was
38.8 months (95% confidence interval 37.2 to 40.3) and 28.3 months (95% confidence interval
23.7 to 32.8), respectively (Figure 1). The log-rank test was run to compare the primary and
permanent dentition in terms of time until failure. No significant difference between both
groups was found (p = 0.19). The results of the study were not statistically significant when
success/failure rates were compared according to patient compliance, gender, dentition, or
medical condition (p > 0.05).
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Figure 1. Kaplan–Meier survival curve showing survival time of SDF-treated teeth until failure.

3.3. Parents’ Acceptance and Satisfaction

Initially, 42 responses were collected. In total, 30 participants fully completed the
follow-up questionnaire and were included in the study. The participant parent was mainly
the mother of the child (n = 27; 90%) with a mean age of 37 years (±6.4 SD). SDF treatment
was used on anterior teeth in 2 children (6.7%), posterior teeth in 15 children (50%), and
both anterior and posterior in 13 children (43.3%). The parents had varying educational
backgrounds from secondary school (5%) up to postgraduate studies (19%), with around
46% of parents having completed an apprenticeship, i.e., a vocational training programme.
Among other reasons like regular check-up (27%) and pain (10%), the main reason behind
the dental visit was dental caries in 63% of the participants.

At the first visit, there was an overall acceptance (70%) of the procedure in terms of
child comfort. At the follow-up, 80% of the parents noticed dark staining on the treated
teeth but around 71% assessed the treatment received as very acceptable or acceptable.
However, satisfaction with treatment was higher for posterior teeth (95.2%) than for anterior
teeth (36.4%; p < 0.001). When asked about the need for an aesthetic restoration, 43.3%
responded with ‘agree’. Around 93% responded with ‘disagree’ when asked if they regret
receiving the treatment due to its discoloration and 97% chose ‘agree’ for using SDF to
arrest caries. Overall, there was high acceptance of SDF treatment of caries among the
participating parents (Figure 2).

Figure 2. Parents’ acceptance of dark staining associated with SDF treatment. Likert Scale (1–5) from
very good to very poor acceptance of dark discoloration.

3.4. Dentists’ Experience and Knowledge

In total, 27 responses were obtained. Among these, 56% (n = 15) were paediatric
specialists, 11% (n = 3) dental practitioners, and 33% (n = 9) post-graduate students, all
treating paediatric patients on a regular basis.
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All participants in this study, expect one, confirmed their awareness of the SDF
protocol. Around 60% (n = 16) of the respondents agreed that they confidently use SDF
based on the researched evidence for its effectiveness. The importance of obtaining a
consent form from the parents was also confirmed by all participants.

Most of the participants (n = 23; 85%) consider the use of SDF as a good treatment
option for ECC, and 67% (n = 18) would prefer it over other treatment options for children
with ECC, as well as for the treatment of carious lesions in anxious/low cooperative
children (n = 22; 81%). All participants, except one (96%) who “somewhat disagrees”,
believe that SDF can be considered as an interim procedure to arrest carious lesions and
win time until a restorative therapy can be delivered or until the child can be treated
under general anaesthesia. Table 4 shows a summary of the main findings obtained from
the questionnaire.

Table 4. Dentists’ opinions of SDF treatment.

Questionnaire Item n (%)

Find SDF a good alternative to the treatment of early childhood caries.

Agree 20 (74.1%)
Somewhat agree 3 (11.1%)

Neither 3 (11.1%)
Somewhat disagree 1 (3.7%)

Disagree 0 (0%)

Prefer SDF over other options for the treatment early childhood caries.

Agree 9 (33.3%)
Somewhat agree 9 (33.3%)

Neither 8 (29.6%)
Somewhat disagree 1 (3.7%)

Disagree 0 (0%)

Use SDF treatment for anxious children with caries.

Agree 10 (37%)
Somewhat agree 12 (44.4%)

Neither 3 (11.1%)
Somewhat disagree

Disagree
0 (0%)

2 (7.4%)

Consider SDF before restorative therapy or general anesthesia.

Agree
Somewhat agree

Neither
Somewhat disagree

Disagree

21 (77.8%)
5 (18.5%)

0 (0%)
1 (3.7%)
0 (0%)

Confidently use SDF based on the researched evidence for its effectiveness.

Agree
Somewhat agree

Neither
Somewhat disagree

Disagree

16 (59.3%)
9 (33.3%)
2 (7.4%)
0 (0%)
0 (0%)

Had an experience with parents rejecting SDF treatment due to aesthetics.

Agree
Somewhat agree

1 (3.7%)
9 (33.3%)

Neither 6 (22.2%)
Somewhat disagree

Disagree
9 (33.3%)
2 (7.4%)

4. Discussion

This study explored the use of SDF in terms of clinical efficacy (2-year follow-up)
and acceptance by the dentists and parents of paediatric patients treated in Germany in a
specialised university dental setting. SDF was primarily used to arrest active carious lesions
in young patients (mean age = 5.3 years) presenting with high caries risk and experience
(d3mft/D3MFT = 6.3/2.5) and low cooperation levels.

Regarding the caries experience of treated patients (d3mft/D3MFT of 6.3/2.5), these
figures are particularly high in comparison to average values for children in primary and
permanent dentition in Germany. For 3-year-olds, a weighted mean d3mft value of 0.48 has
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been reported [14]. However, in the present study, this group presented almost 13 times
higher d3mft levels than the average value for the whole population. In addition, for the
whole sample the “d3/D3” component of the d3mft/D3MFT index corresponded to 78%
in primary teeth and 65% in permanent teeth of the whole caries experience. Considering
the high treatment need of the whole sample, as well as the limited ability to cooperate
with dental procedures at a young age, without SDF, the only likely treatment option
would have been treatment under dental general anaesthesia (DGA). Although the clinical
success of dental procedures under DGA is considered very high in the medium-term, this
procedure increases the health risk for young patients as well as the economic burden for
public health systems [15–17].

The selected caries management modality in this study followed recent guidelines
and evidence-based recommendations on the use of non/minimally invasive treatment
modalities like SDF [18,19]. In total, 455 teeth were treated, most of which were primary
teeth (92%). An overall success rate of 84.2% of SDF-treated teeth after 2-year follow-up was
observed. Excluding MIH teeth, the success rate of treated teeth increases to 85.2%. Several
systematic reviews and an umbrella review have reported caries arrest rates ranging from
51% to 91% in primary teeth [20–23]. The studies included assessed the effectiveness of
SDF in arresting carious lesions in children in comparison to a placebo, fluoride varnish, or
the use of atraumatic restorative treatment, including anterior and posterior teeth, annual
or biannual application and with varying concentrations of SDF. This explains the wide
range reported according to each study and its setting. However, all systematic reviews
agree that there is strong evidence for the efficacy of SDF in arresting carious lesions in
children [24]. Similarly, the present study reported that 57.2% of the successfully SDF-
treated carious teeth did not require any further treatment/restoration. The rest (42.8%)
were further restored at subsequent visits mostly with GIC (SMART-Technique) or the Hall
technique (SMART-Hall).

On the other hand, carious teeth categorised under failure were teeth that developed
pathological signs/symptoms of irreversible pulp deterioration. Many of these teeth had
to be treated with pulpotomy/extraction under DGA. The mean time after SDF application
until DGA treatment was almost 1 year (10.7 months). So, even in these cases, SDF may be
considered beneficial to buy time until an appointment for DGA could be arranged or to
reduce the implied risks of DGA at young ages [17].

In this study, SDF was mainly used for the treatment of carious lesions; however,
attempts to reduce dental hypersensitivity using SDF were also seen in a few cases of
MIH. Since SDF is a dentin-desensitizing agent, its use in reducing dentin hypersensitivity
associated with MIH is not novel [25]. The number of MIH-treated teeth in this study was
small (n = 8) and most teeth required further restorative treatment to reduce hypersensi-
tivity. In addition, due to the per se limitations of retrospective analyses, the severity of
hypersensitivity and the degree of MIH could not be accurately reported in this study. It is
therefore difficult to draw conclusions on the effectiveness of SDF in MIH-diagnosed teeth.
However, one clinical trial has recently reported significant reductions in hypersensitivity
following the application of SDF and SMART sealants on MIH teeth for up to one year [26].

Other than the dark staining of the carious lesions, no adverse effects were reported.
In seven patients (7.5%), sensitivity upon application of the SDF solution was reported.
Most of these patients were under 5 years of age and with a very negative or negative level
of cooperation. This could explain the difficulty faced by the child receiving the treatment
and perceiving it negatively. While SDF is biocompatible and safe to use [21], its direct
application to vital pulp has been shown to cause pulpal necrosis [27]. Therefore, correct
diagnosis is imperative prior to treatment with SDF in deep carious lesions.

A high response rate of 93% was obtained from the questionnaire distributed to the
dentists who treated the patients in this study. Most participants considered SDF a viable
treatment option for ECC, especially for young children presenting with dental anxiety
and low compliance, since it is a simple procedure. Dental professionals in the UK have
also reported similar views [28]. Also, almost all participants used SDF to buy time prior to
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restorative therapy or treatment under DGA. This opinion was also reported in a survey of
paediatric dentists in the US [29]. Similar minimally invasive procedures for the treatment
of caries in children, such as the Hall technique using preformed metal crowns and non-
restorative caries control, were also found to be easy procedures for dentists and favoured
by the children [30].

However, the dark staining side effect associated with SDF was reported by many
practitioners as the main barrier to its use [28,31–33]. In this study, few dentists reported
parents rejecting this treatment option due to aesthetic concerns. It was, therefore, crucial to
explore parents’ acceptance and satisfaction with SDF, since this product has been recently
introduced and is not the most common treatment modality in Germany. Parents of treated
children were surveyed prior to and after the application of SDF. Overall, parents showed
a high acceptance of the procedure in terms of treatment time and child comfort and
the majority assessed the treatment received as satisfactory with higher acceptance rates
for posterior than for anterior teeth. A similar pattern was found in other studies that
interviewed parents in the U.S. regarding their opinion of the discoloration following
treatment with SDF [34,35], whereas a study from Saudi Arabia showed high disapproval
rates, although the parents were interviewed and presented with photos and scenarios
without the actual use of SDF [36]. It is important to note that the perception of aesthetics
and beauty is subjective and influenced by several factors such as age, level of education
and culture [37]. Child-related factors, such as the location of the tooth and cooperation
level of the child, also play a role. One study reported high disapproval rates; however,
when more advanced behavioural techniques such as DGA were avoided by treatment
with SDF, the acceptance rates increased [38].

The results reported in this study should be interpreted alongside its limitations. The
effectiveness of SDF treatment was evaluated by performing a retrospective analysis. While
comparing results from a retrospective study to those of a clinical trial cannot be considered
completely valid, the findings from this study represent long-term outcomes and the
prognosis of the treated teeth after SDF application. An advantage of such a study is that
the patients recruited have been regularly treated and the results are then assessed without
pressure on practitioners being aware of participating in a clinical study. In addition,
the analysis was carried out under the strict evaluation of the treated teeth using pre-set
criteria determining the levels of success, minor or major failures. The surveying of dental
professionals included participants employed or part of a post-graduate program at a
university paediatric dentistry department; this may pose a concern as the findings cannot
be generalised.

Lastly, future efforts should aim to incorporate different remineralising agents in
addition to fluorides. A proactive action could be necessary to reduce the incidence of
caries in children using products, such as substances based on biomimetic hydroxyapatite,
that are showing similar potential in remineralisation [39]. Also, further research is needed
to develop a clear treatment plan following SDF treatment. This includes longitudinal
studies evaluating the success rates and longevity of direct restorative treatment after SDF
application, such as GIC sealants and preformed metal crowns or the further inactivation
of caries with multiple SDF applications.

5. Conclusions

To the best of our knowledge, this is the first time the use of SDF has been assessed
in Germany. The findings of this study give an overview of the treatment of SDF in
children and its acceptance by parents and dental practitioners. SDF was found to be
effective in treating young children with high caries risk in the long-term, which was
perceived as acceptable by dental practitioners and parents equally. We can, therefore,
conclude that, with proper diagnosis and sufficient awareness of dentists and parents,
SDF can be particularly beneficial for at-risk patients whose treatment could otherwise be
very challenging.
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Abstract: Background and Objectives: This prospective, comparative, double-cohort study aimed to
compare the efficacy of silver diamine fluoride and potassium iodide (38% SDF+KI; Riva Star®) with
sodium fluoride varnish (5% NaF; Duraphat®) in hypersensitive carious lesions in primary teeth to
evaluate caries arrest and hypersensitivity relief. Materials and Methods: This study included thirty
2–5-year-olds (mean age = 3.67 ± 1.06 years; 16 males and 14 females) who required a desensitizing
treatment for hypersensitive carious defects with visible dentin. A total of 15 of the participants
were consecutively allocated to treatment with 5% NaF, and they were further compared to an
equal number of participants treated with 38% SDF+KI solutions (n = 15). The treatments were
performed following clinical evaluation of caries activity using the International Caries Classification
and Management System (ICCMSTM) and the Bjørndal criteria (score of 0–9). Parental-reported
hypersensitivity was evaluated using a visual analogue scale (0–10 = no to severe pain). Results:
Clinical variables were evaluated at baseline and three months after treatment. Thereafter, a significant
decline in hypersensitivity/pain led to lower final scores in the Riva Star® group (0.40 ± 1.12,
p = 0.002) than in the Duraphat® group (1.40 ± 2.20, p = 0.004). The caries arrest effect was significantly
higher in the Riva Star® group (86.7%) compared to the Duraphat® group three months after treatment
(13.3%, p < 0.001). In both groups, there were no statistically significant differences in the children’s
behavior before, during, and after treatment. Conclusions: Ultimately, with both fluoride therapies
reducing hypersensitivity/pain significantly, treatment with 38% SDF+KI was clearly more effective
in caries arrest than 5% NaF varnish after a 3-month period.

Keywords: dental caries; dentin hypersensitivity; fluoride; minimally invasive dentistry; potassium
iodide; silver diamine fluoride

1. Introduction

Dentin hypersensitivity is described as short, sharp pain resulting from exposed dentin
in response to external stimuli. These stimuli could be thermal, evaporative, tactile, osmotic,
or chemical, and they are not attributed to any other dental disease or defect [1]. Evidence
of dentin hypersensitivity (DH) prevalence in children is scarce. Reviews by Shiau [2] and
Splieth and Tachou [3] reported ranges between 3 to 73% and 3 to 98%, respectively, in
adults, with a higher female incidence in the former study.

Despite the limited evidence of hypersensitivity prevalence in children, this is one
of the most prevalent diseases in children (early childhood caries), and it is noted to be
among the common causes of hypersensitivity in pediatric dentistry [4]. Dental caries
can generally be rooted to several factors, such as an imbalance in the oral microbiome
and dietary habits including consumption of cariogenic food, and poor oral hygiene [5].
Early childhood caries (ECCs) is defined as the early onset of caries in young children
with often rapid progression, which can eventually result in complete destruction of the
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primary dentition. Epidemiologically, ECCs can be defined as the presence of one or more
decayed (non-cavitated or cavitated lesions), missing (due to caries), or filled surfaces in
any primary tooth of a child under the age of six [6].

Although there has been a notable increase in the prevalence of ECC in industrialized
countries [7], the literature concerning strategies to manage hypersensitivity in this condi-
tion is limited. Generally, dentin hypersensitivity can be treated by interrupting the neural
response to pain stimuli or blocking the exposed dentinal tubules [8]. Most commonly,
sodium fluoride (NaF) varnish has been traditionally used for managing hypersensitivity
by occluding the causative open dentinal tubules [9]; however, this has been shown to
facilitate caries arrest [10].

In 2014, silver diamine fluoride (SDF) was approved by the US Food and Drug Admin-
istration as a treatment for dentinal sensitivity [11]. It is commonly used in several countries
for treating dentin hypersensitivity associated with the presence of carious lesions [12].
SDF was previously used off-label for caries arrest; however, it was recently recommended
in the guidelines of the American Dental Association as a caries-arresting medicament [13].

A concern to consider regarding SDF is the black staining of the arrested carious
lesions, which may result in undesirable aesthetics [14]. Despite this concern, most parents
preferred this option to advanced treatment methods such as general anesthesia [15].
Applying a saturated solution of potassium iodide (KI) immediately after silver diamine
fluoride application has been claimed to minimize the staining of dentin caries [16]. This
is probably due to the reaction of iodide ions from the KI solution with the excess silver
ions from the silver diamine fluoride solution, which forms a precipitate of silver iodide.
Moreover, it was shown that dentine permeability could be reduced if potassium iodide was
applied after a fluoride-containing silver diamine solution, consequently reducing dentin
hypersensitivity [17]. Hamama [18] and Koizumi [19] showed positive results regarding
the desensitizing and caries-arresting effect using a combined silver diamine fluoride and
potassium iodide agent (38% SDF+KI; Riva Star®). However, caries arrest was reported
to be poorer when potassium iodide was combined with silver diamine fluoride solution
in children with caries lesions with an ICDAS score of 3 or above. On the other hand, the
combination had better odds of minimizing the staining effect than solely applying silver
diamine fluoride [20].

Most of the available studies refer to the prevalence, causes, and approaches used
to manage dentin hypersensitivity in adults. In contrast, the literature concerning dentin
hypersensitivity in children is very limited [21,22], representing a clear evidence gap con-
cerning dentin hypersensitivity management in children, specifically that of an underlying
cariological etiology. Therefore, our study aimed to evaluate the capability of 5% sodium
fluoride varnish to relieve dentin hypersensitivity pain in children and to assess its impact
on arresting the active carious lesions of hypersensitive primary teeth compared to treat-
ment with 38% silver diamine fluoride and potassium iodide. The null hypothesis was
that no difference would be found at three months between the two arms for the primary
outcome of relieving dentin hypersensitivity pain. Moreover, as secondary outcomes, we
evaluated caries arrest and compared the treating dentists’ opinions on the procedures and
the children’s behavior in both interventions.

2. Materials and Methods

This study followed a two-arm prospective interventional design conducted in the
Preventive and Pediatric Dentistry Department of Greifswald University in the period
from January 2020 to March 2021. Ethics approval was granted by the Research Ethics
Committee of Greifswald University on the 8th of August 2018 (No. BB 128/18; trial
registration no. NCT04804423). Written informed consent was obtained from the partici-
pants’ parent/legal guardian/next of kin to participate in the study to evaluate the effect of
fluoride varnish and 38% SDF+KI in carious lesions.
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2.1. Sample

Sample size was estimated using “G*power version 3.1” while considering the fol-
lowing parameters: T tests, effect size: 1, α err prob: 0.05, power (1-ß err): 0.8 and an
expected mean difference of visual analog scale (VAS) values between the two comparison
groups. The total sample size was found to be 28 patients. Assuming a drop-out of 10%,
30 participants were required.

2.2. Treating Dentists

Treatments were performed by six different dentists (four pediatric specialists and
two post-graduate pediatric dentistry students), all of whom were briefed on the study
protocol and received instructions on carrying out the interventions according to the
manufacturer’s guidelines.

2.3. Participant Screening, Eligibility, and Baseline Assessment

At screening, 2 calibrated dentists (kappa > 0.81) assessed, from regular clinic atten-
dees, all eligible patients and consecutively recruited 30 healthy children who presented
with active carious lesions with visible dentin (International Caries Detection and Assess-
ment System (ICDAS) code 5) along with symptoms of hypersensitivity, and who had
not used any desensitizer for at least 1 month prior to the participation date (see study
diagram, Figure 1). On the other hand, children were ruled out if they presented systemic
conditions requiring special dental considerations or allergies to any materials used in the
study. At the tooth level, teeth that were previously restored or that clinically exhibited
signs or symptoms of irreversible pulpal or periradicular pathology were excluded.

Figure 1. Study CONSORT diagram.
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The eligibility examination comprised clinical assessment of active carious lesions
according to ICCMSTM, Bjørndal visual–tactile criteria (Table 1) [23,24], and a reported
history of hypersensitivity symptoms like short-duration sharp pain in response to thermal
(cold and hot drinks or food) or tactile (toothbrushing) stimuli obtained from the par-
ent/caregiver of the child. A hypersensitivity confirmatory test using a triple-syringe air
blast on the exposed surface of the carious lesion was also used to provoke a response from
the patient, allocate areas with suspected dentin hypersensitivity, and eliminate possible
other causes of pain [25].

Table 1. Bjørndal Criteria for Caries Activity and Severity Assessment [23].

Score Definition

0 Sound
1 Active lesion in enamel, without cavity (bright surface with brown discoloration)
2 Active cavity in enamel (opaque enamel surface and loss of substance)
3 Active cavity in enamel (bright surface, brown discoloration, wet dentin)
4 Inactive cavity in enamel (bright surface, brown discoloration, and loss of substance)
5 Active cavity in enamel/dentin (yellow or light brown discoloration, wet dentin)
6 Inactive cavity in enamel/dentin (dark brown discoloration, hard and dry dentin)
7 Pulpal involvement or root stumps
8 Filled tooth
9 Missing tooth

The degree of pain severity was quantified via a visual analogue scale (VAS (0–10)) [26],
ranging across a continuum from none (0) to a severe amount of pain (10). Moreover,
assessment of the pain magnitude was verified by the accompanying parent/caregiver,
mainly due to the limited communication skills due to the age of the participants, making
it puzzling to quantify pain severity from the child only [27]. Following the assessment
of hypersensitivity, only 1 tooth per child was included for caries activity evaluation.
Following the selection of eligible teeth, a blinded second investigator (R.M.S) randomly
assigned one of the eligible teeth to be included. Children’s behavior before, during, and
after treatment was assessed using Frankl’s scale (1–4 = definitely positive to definitely
negative) [28].

Consequently, eligible patients were evaluated at baseline for the following:

• Hypersensitivity pain;
• Carious lesion activity and pulp status;
• Behavior of children before, during, and after treatment;
• Dentist’s opinion regarding the procedures, materials, procedure duration, and child’s

discomfort within the procedure in both groups using 5-point Likert scales;
• O′Leary Plaque Control Record (PCR).

2.4. Treatment Procedures and Assessment

Fluoride-desensitizing therapy was explained and discussed with the participants’
parents and informed consent was obtained. Thereafter, 15 participants were consecutively
allocated to receive a standard fluoride-desensitizing therapy (control arm), which included
the application of 5% NaF varnish (Duraphat®, Colgate Palmolive Ltd., Guildford, UK) on
the affected teeth. A second arm was set as a comparator, where an equal number of par-
ticipants were consecutively enrolled under similar criteria and treated with 38% SDF+KI
(Riva Star®, SDI Limited, Bayswater, Australia). Parents were always present during the
treatment procedures.

The application of 5% NaF varnish followed the manufacturer’s instructions: cleaned
tooth/teeth, dispersion of 5–7 mm diameter drop/up to 0.25 mL of the varnish with a
brush/probe/swab as aa thin layer to all affected tooth surfaces, and a recommendation
not to brush the teeth or chew food for at least 1–2 h after treatment.

The silver diamine fluoride and potassium iodide agents were applied according
to the manufacturer’s instructions: cleaned and dried tooth/teeth, the application of a
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small amount of gingival barrier, when possible, and protection of the lips with petroleum
jelly/cocoa without contaminating the treatment site.

In step 1, silver diamine fluoride solution (Riva Star®, SDI Limited, Bayswater, Aus-
tralia) was applied using the silver brush to the treatment site, followed immediately
by step 2: using the green brush provided, a generous amount of the potassium iodide
solution was applied to the treatment site until the creamy white precipitate turned clear.
Afterwards, all protective/isolation materials used were removed, and used brushes and
capsules were discarded in accordance with local regulations.

At the 3-month recall, hypersensitivity pain (VAS), carious lesion activity (Bjørndal
and ICCMSTM Criteria) and the O’Leary Plaque Control Record (PCR) were re-evaluated
using the same baseline methods.

2.5. Statistical Analysis

Normality was checked for all variables using descriptive statistics, plots, and tests
of normality. Means and standard deviations (SDs) were calculated for all quantitative
variables, while frequencies and percentages were calculated for categorical variables. The
comparison between the two study groups was performed using independent samples
t-test for quantitative normally distributed variables (age, dt, dmft, and PCR), and Mann–
Whitney U for quantitative non-normally distributed variables (mt, ft, ds, ms, fs, dmfs,
percent change of PCR) and qualitative ordinal variables (lesion activity, VAS, behavior, and
the dentist’s opinion about the procedure). Chi-squared and Fisher exact tests were used for
comparing qualitative nominal variables between the two study groups. The comparison
between the baseline and follow-up was conducted using a paired t-test when the variable
was normally distributed, and the Wilcoxon signed rank test was used when the variable
was not normally distributed. The Friedman test was used to compare the children’s
behavior at 3 different time points (before, during, and after treatment). Binary logistic
regression was performed to assess the effect of different factors on the lesion inactivity
(according to Bjørndal and ICCMSTM criteria). Odds ratio (OR) and 95% confidence
intervals (CIs) were calculated. Significance was inferred at p < 0.05. Data were analyzed
using IBM SPSS statistical software for Windows (version 25).

3. Results

This prospective, comparative double-cohort study included 30 healthy children
(16 males, 14 females) with a mean age of 3.67 ± 1.06, and 7.73 ± 3.16 dmft. Both cohorts
consisted of 15 participants, each of which with at least one tooth with reported symptoms
of dentin hypersensitivity in an active carious lesion with visible dentin (ICDAS 5) that
signaled the need for a desensitizing treatment. There was no significant difference between
the two cohorts regarding male/female distribution (p = 0.57) or dmft values (p = 0.46).
The baseline characteristics of the participants and caries profiles are presented in Table 2.

Table 2. Sample characteristics.

Test
(Riva Star®,
n = 15)

Control
(Duraphat®,
n = 15)

Total p-Value

Age, mean ± SD 3.58 ± 0.95 3.76 ± 1.18 3.67 ± 1.06 0.65
Gender,
n (%)

Males 9 (60%) 7 (46.7%) 16 (53.3%)
0.46Females 6 (40%) 8 (53.3%) 14 (46.7%)

Caries index,
tooth level,
mean ± SD

dt 6.73 ± 2.43 6.87 ± 3.14 6.80 ± 2.56 0.90
mt 0.13 ± 0.52 0.00 ± 0.00 0.07 ± 0.37 0.78
ft 1.20 ± 1.86 0.53 ± 0.92 0.87 ± 1.48 0.54
dmft 8.07 ± 2.79 7.40 ± 3.56 7.73 ± 3.16 0.57

Caries index,
surface level,
mean ± SD

ds 18.73 ± 10.48 14.40 ± 8.34 16.57 ± 9.56 0.25
ms 0.67 ± 2.58 0.00 ± 0.00 0.33 ± 1.83 0.78
fs 4.53 ± 7.61 1.87 ± 3.87 3.20 ± 6.09 0.57
dmfs 23.93 ± 14.75 16.27 ± 8.96 20.10 ± 12.61 0.17

d = decay; missing; f = filled; t = teeth; SD = standard deviation.
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3.1. Hypersensitivity

At baseline, the parents of two participants (13%) in the control arm (5% NaF; Duraphat®)
reported severe pain (score 8, Figure 2), while moderate pain scores (4–6) dominated
(n = 5, 33.3%, n = 3, 20%, and n = 3, 13.3%, respectively). Three months after treatment,
a significant decline in pain scores (p = 0.004) was noticed: mostly, parents reported the
absence of pain (n = 10, 66.7%, score 0), followed by moderate pain scores (26.6%) and
mild pain (6.7%). Similarly, the assessment of pain before treatment with Riva Star®

(38% SDF+KI; test arm) showed moderate pain scores on the visual analogue scale (VAS,
scores 4 and 5: n = 8, 53.3% and n = 7, 46.7%, respectively). After 3 months, almost all
parents reported the absence of pain in their children (n = 13, 86.7%, score 0; p = 0.001).
When both interventions were compared, there was no statistically significant difference in
the efficacy of both treatments in relieving hypersensitivity pain (p = 0.31). The assessed
teeth showed vitality features and no signs or symptoms of necrosis or irreversible pulpitis.

 

Figure 2. Pain assessment using the visual analogue scale (VAS) as reported by parents before and
after treatment in the two study groups. SDF+KI: silver diamine fluoride + potassium iodide solution
(Riva Star®); NaF: 5% NaF varnish (Duraphat®). * statistically significant at p-value < 0.05.

3.2. Caries Activity

At baseline, all included carious lesions in the whole sample (n = 30) showed visual
and tactile features of caries activity during examination and were graded as ICDAS 5 and
as active cavities in the enamel/dentin according to Bjørndal and ICCMSTM criteria. Three
months after treatment with 5% NaF varnish, caries inactivation was apparent in only two
(13.3%) of the treated teeth, while the remaining teeth sustained caries activity features
(12; 80%), and one tooth (6.7%) manifested pulpal involvement signs. The proportion of
caries arrest in teeth treated with 5% NaF varnish to those treated with 38% SDF+KI was
not statistically significant (p = 0.10). On the other hand, the affected teeth treated with
38% SDF+KI were re-examined using the same criteria, and 13 (86.7%) out of 15 lesions
were classified as inactive cavitated lesions in the enamel/dentin. Active caries were
evident in only two (13.3%) lesions at the 3-month follow-up. However, the predominance
of arrested lesions over the remaining active ones was statistically significant (p < 0.001).
Comparing both treatments, the caries arrest effect was higher in teeth treated with 38%
SDF+KI (p < 0.001, Figure 3). No signs or symptoms of irreversible pulpal deterioration
were observed.
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Figure 3. Activity of carious lesions according to Bjorndal criteria: post-operative assessment.

3.3. Children’s Behavior

In the control arm, prior to treatment, most participants exhibited positive (n = 6; 40%)
or definitely positive (n = 3; 20%) behavior during the procedure (Table 3). Immediately
after treatment, negative behavior was reported in two (13%) of the participants. However,
differences in behavior ratings before, during, and after treatment in this arm were not
statistically significant (p = 0.36).

Table 3. Behavior Using the Frankl Scale Before, During, and After Treatment in the Two Study Groups.

Characteristics
Test
(Riva Star®,
n = 15)

Control
(Duraphat®,
n = 15)

Mann–Whitney
p-Value

Baseline

Definitely negative 1 (6.7%) 3 (20%)

0.54
Negative 3 (20%) 3 (20%)
Positive 8 (53.3%) 6 (40%)
Definitely positive 3 (20%) 3 (20%)

During
treatment

Definitely negative 1 (6.7%) 0 (0%)

0.29
Negative 8 (53.3%) 5 (33.3%)
Positive 3 (20%) 7 (46.7%)
Definitely positive 3 (20%) 3 (20%)

After treatment

Definitely negative 1 (6.7%) 0 (0%)

0.62
Negative 4 (26.7%) 2 (13.3%)
Positive 6 (40%) 10 (66.7%)
Definitely positive 4 (26.7%) 3 (20%)

Friedman Test p-value 0.07 0.36

Regarding the test arm, and prior to treatment, most participants showed positive
(n = 8; 53.3%) or definitely positive (n = 3; 20%) behavior. Negative behavior during
treatment was noticed among eight (53.3%) children, while six (40%) children equally
showed a rating of either positive or definitely positive behavior. Post-operative behavior
was mainly on the positive side, with six (40%) children rated as positive and four (26.7%)
as definitely positive. Only two (26.7%) participants sustained negative behavior after
treatment. However, significant differences were not found between behavior ratings
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before, during, and after treatment in the test arm (p = 0.07) nor between the two study
arms (Table 3).

3.4. O’Leary Plaque Control Record (PCR)

In both cohorts (Duraphat®, 44.33 ± 19.35; Riva Star®, 37.00 ± 13.07, p = 0.23), the
mean percentages of plaque-covered surfaces were relatively high (full mouth plaque
score of 20% considered as the accepted standard) before the treatment. However, there
was no significant difference when plaque percentages were re-evaluated 3 months after
treatment, neither in the control (p = 0.72) nor in the test group (p = 0.32). The effect of
different factors on lesion inactivation was shown in the binary logistic regression model.
The percent change of plaque was inversely associated with lesion inactivity (OR = 0.99;
95% CI = 0.96–1.02). Comparing inactive lesions in both groups, there was a significant
difference in mean plaque percent change (p = 0.04); participants with inactive lesions
showed almost no change in plaque percent change in the 38% SDF+KI group (0.65 ± 38.84),
while there was a noticeable percent difference in the 5% NaF group (−52.08 ± 20.62).

3.5. Dentist’s Opinions

Treating dentists rated the procedures as being ‘very easy’ or ‘easy’ treatments to im-
plement (5% NaF 93.3%; 38% SDF+KI 80%). With respect to the duration of the procedures,
most dentists (93.3%) considered the 5% NaF varnish application as a ‘very short’ or ‘short’
procedure to perform. On the other hand, only 66.7% of dentists classified the SDF+KI
application as a ‘very short’ or ‘short’ procedure. There were no statistically significant dif-
ferences between the operating dentists’ opinions of both procedures undertaken (p < 0.05).
The distribution of the data is shown in Table 4.

Table 4. Operating Dentists’ Opinions about the Procedures Performed.

Questions
Test
(Riva Star®)

Control
(Duraphat®) p-Value

n (%)

Procedure
Undertaken

Very Easy 4 (26.7%) 9 (60%)

0.08
Easy 8 (53.3%) 5 (33.3%)
Manageable 1 (6.7%) 1 (6.7%)
Difficult 2 (13.3%) 0 (0%)
Very Difficult 0 (0%) 0 (0%)

Materials Used in
this Procedure

Very Easy to Handle 9 (60%) 11 (73.3%)

0.62
Easy to Handle 6 (40%) 3 (20%)
Manageable 0 (0%) 1 (6.7%)
Difficult to Handle 0 (0%) 0 (0%)
Very Difficult to Handle 0 (0%) 0 (0%)

Procedure Duration

Very Short/Short 10 (66.7%) 14 (93.3%)

0.17
Time Efficient 4 (26.7%) 1 (6.7%)
Long 1 (6.7%) 0 (0%)
Very Long 0 (0%) 0 (0%)

Child’s Discomfort
with the Procedure

No Apparent Discomfort 4 (26.7%) 8 (53.3%)

0.10
Very Mild Discomfort 2 (13.3%) 2 (13.3%)
Mild Non-significant Discomfort 5 (33.3%) 4 (26.7%)
Moderate Discomfort 3 (20%) 1 (6.7%)
Significant Unacceptable
Discomfort 1 (6.7%) 0 (0%)

4. Discussion

This study aimed to evaluate the effect of two fluoride therapies on hypersensitive
carious lesions with visible dentin (ICDAS 5) in primary teeth. For this purpose, a compari-
son was set between two hypersensitivity management approaches: 5% NaF (Duraphat®;
control arm) and 38% SDF+KI (Riva Star®; test arm) in terms of their potential for relieving
hypersensitivity and controlling the caries activity in a sample of high-caries-risk children.

The results presented in this prospective, comparative double-cohort study comprised
clinical data collected at baseline and three months later. In the literature, hypersensitivity
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in children is barely investigated, especially when precipitated by early childhood caries
(ECC). To the best of our knowledge, this is the first study to report on clinical outcomes
of this kind in this age group in Europe. However, the strict listing of indications in the
only registered SDF product in Europe (Riva Star®, SDI Limited, Bayswater, Australia)
hindered our ability to establish a randomized clinical controlled trial. Therefore, a second
arm with a matching prospective design was set to be analyzed and compared with the
present study data, further allowing us to establish a study with parallel intervention and
control arms and to evaluate the efficacy of the existing fluoride varnish therapy with
22,600 ppm on hypersensitive carious lesions in primary teeth [9]. In addition, to avoid
selection bias, parallel recruitment of both cohorts was avoided by recruiting one full
cohort first and then enrolling the second cohort. We decided by chance which cohort
should be recruited first. On the other hand, treatment in the present study was performed
by different qualified dentists, who were briefed and trained on the use of the product
according to the manufacturer’s instructions. However, only one examiner assessed the
eligibility of the included subjects and evaluated the clinical outcomes at the follow-up
visit. It is noteworthy to state that the evaluating examiner was calibrated on the caries
classification criteria used for inclusion (ICDAS), with a substantial agreement with fellow
treating dentists at a University Pediatric Dentistry department.

One of the challenges in our study was the recording and quantification of pain in
children. Reliability in pre-school children’s expression of pain can be problematic, since
their cognitive abilities are immature with respect to accurately remembering, reporting, or
quantifying pain [29,30]. With the absence of self-report, our study utilized the responses of
parents/caregivers for the assessment of pain in young children. Parental perceptions have
been used in oral health surveys concerning pain assessment in preschool children [31,32].
However, parental perception of pain may differ; thus, further examination was performed
when severe pain or no pain was reported to avoid the misdiagnosis of irreversible pulpitis
or necrosis.

Although methods such as selective electrodes or profilometers are valuable tools for
quantifying surface roughness, such as in dental erosion conditions [33], and could have
provided objective data on dentinal tubule blockage and reductions in hypersensitivity,
our primary focus was on assessing pain perception from the patient’s perspective and
capturing the patient’s firsthand experience of, or relief from, hypersensitivity. It is worth
highlighting that these objective methods could be considered in future studies to solidify
our findings.

In our study, a significant decline in hypersensitivity pain intensity was observed at
the 3-month mark after the application of each fluoride therapy on the affected teeth. This
downturn in pain is in agreement with findings from studies that utilized comparable pain
assessment methods to the Visual Analogue Scale (VAS) to assess the effect of SDF and
Duraphat® on hypersensitivity in adults [1,34]. These studies assessed the effects of fluoride
therapies on a shorter-term basis. Therefore, our study’s data after three months prove the
sustainability of the desensitizing treatments. Another study with a comparable sample
size verified the short-term effects of combining silver diamine fluoride and potassium
iodide for the treatment of dentinal hypersensitivity in adults [35]. These findings could be
attributed to the ability of both agents to penetrate and plug the causative open dentinal
tubules. With regard to SDF, silver ions are known to leave a heavy precipitate in dentinal
tubules that limits permeability [36] and calcium fluoride deposits that arise from the
reaction of fluoride ions with calcium ions can also block dentinal tubules [37]. Over and
above, the addition of potassium iodide over silver diamine fluoride produced a precipitate
silver iodide, which has been known to contribute to the blockage of dentinal tubules [17].

The sustainability of treatment with SDF+KI can be seen as a buying-time therapy
until a definitive treatment, with a lower risk than treatment under general anesthesia, can
be provided. However, the long-lasting effect of SDF requires an awareness of possible
factors affecting the sustainability and success of caries arrest, such as attending follow-ups
for monitoring caries status and the regular removal of plaque [38].
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Pertaining to caries activity, the after-effect of the application of each fluoride therapy
on the affected teeth in our study cannot be overlooked. The superiority of SDF+KI over
sodium fluoride varnish with regard to influencing caries arrest in primary teeth is strongly
supported in the literature. Despite adopting a short-term follow-up duration, our results
solidify the outcomes of similar studies in this matter [14,39,40]. Therefore, we can provide
evidence of the efficiency of 38% SDF+KI over 5% fluoride varnish in a timely manner. It is
our belief that the reaction precipitates of silver phosphate (Ag3PO4) and calcium fluoride
(CaF2) on the tooth level are responsible for enhancing caries inactivation, as the second
precipitate, being responsible for the delivery of high doses of fluoride, resultantly enhances
the chances of caries defeat. However, SDF mechanisms of action are diversely discussed
in the literature [40–42]. Silver diamine fluoride and potassium iodide agents were used
only in combination in our study. Therefore, the role of KI in caries inactivation remains
unclear. In vitro studies [18,19] have shown positive results regarding the desensitizing
and caries-arresting effect using combined 38% SDF+KI agents. A single study stated
that SDF+KI has a higher chance of minimizing black discoloration compared with sole
SDF application; however, it was also associated with a poorer carious lesions arrest rate.
Yet, further clinical studies are necessary to confirm the influence of KI on caries lesions
arrest [20].

On the other hand, our data revealed a potential factor impacting the probability of
caries arrest following fluoride therapies. According to our analysis, the percentage change
of plaque-covered surfaces is hypothesized to have an influence on the inactivation of
carious lesions. However, the influence was more obvious on the inactivation of carious
lesions treated with fluoride varnish than those treated with SDF+KI. Generally, disrupting
the accumulation of dental plaque is known to reduce demineralizing bacterial activity
and, therefore, restrain caries progression [43]. Yet, further studies with a larger sample
size are necessary to affirm the influence of plaque on the inactivation of carious lesions by
both fluoride therapies.

Alternately, current research has also revolved around the exploration of novel biomimetic
remineralization techniques as a viable alternative to traditional fluoride-based approaches.
These investigations aimed to emulate the natural mineralization process of enamel ma-
trix and leveraging saliva-driven regeneration [44,45]. Research indicates that the use of
these peptides leads to a noteworthy boost in net mineral accumulation within dental
tissues [46,47]. These peptides boost mineral accumulation in dental tissues through a
dual mechanism: increased mineral uptake and the prevention of mineral loss. Addi-
tionally, they stimulate the formation of new hydroxyapatite, resembling natural enamel
composition [48]. However, the utilization of biomimetic nano-hydroxyapatite for enamel
remineralization offers a promising alternative for preventing further demineralization at
an early stage and inhibiting the onset of caries and, subsequently, hypersensitivity.

Alongside previous outcomes, our study recorded and compared the differences in
children’s behavior before, during, and after treatment, as well as the operators’ views on
the procedures in both groups.

Operators’ opinions were favorable for both procedures and materials used, with no
statistical significance related to any of the evaluated variables. Moreover, no significant
behavioral twist was found when the children’s behavior was evaluated before, during,
and after treatment in both groups. Nevertheless, when dentists were specifically asked
about children’s discomfort with the procedures, variable discomfort rates were recorded
more in SDF+KI application procedures (73.3%) than in the fluoride varnish ones (46.7%).
This could be justified by the slight metallic taste and ammonia smell of the product in
comparison to fluoride varnish. Overall, our operators’ opinions on the acceptability of the
SDF+KI application procedure agrees with a published article of dentists’ opinions on the
matter [49].
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5. Conclusions

The analyzed data proved the efficacy of both fluoride therapies, 5% NaF varnish
(Duraphat®) and SDF+KI (Riva Star®), in managing hypersensitivity in children. Moreover,
our study confirmed the superior effect of combined silver diamine fluoride and potassium
iodide (Riva Star®) over 5% NaF varnish (Duraphat®) in terms of arresting carious lesions
with visible dentin (ICDAS 5) after three months in primary dentition. Considering the
insignificant differences regarding children’s behavior during fluoride application and
dentists’ opinions of the procedures undertaken, treatment with SDF+KI can be the fa-
vored approach to manage hypersensitivity associated with active caries lesions since it
is privileged with caries-arresting potential in the short run. Obtaining parental consent
for the aesthetic drawback of this treatment is essential, but it should be weighed against
the alternatives, which are often restricted to more risky and invasive treatments under
general anesthesia for small, uncooperative children.
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Abstract: Background and objectives: There are no data on oral health in the population of Burundi. This
study aimed to describe the oral health status of schoolchildren in Burundi using the dmft/DMFT
index for the first time. Materials and methods: The study was designed as a cross-sectional population-
based epidemiological survey. The survey was designed according to the WHO methodology for
oral health surveys. Oral examinations were conducted in school rooms using a dental mirror, probe,
and headlight. The following characteristics of primary dentition status were recorded: decayed
(d/D), missing (m/M), and filled (f/F) teeth, and the dmft/DMFT (d + m + f t/D + M + F T)
index was calculated for each subject. Quantitative and qualitative variables were represented by
measures of position and variability. One-way ANOVA was used to assess differences between
parametric variables. Logistic regression was performed for total caries experience and gender, age
groups, living area, and geographical provinces. Results: A total of 1902 children were examined,
1007 (52.94%) six-year-olds and 895 (47.06%) in the older group. The dmft/DMFT and subgroups
were statistically significantly different in terms of age groups, living areas, and geographical
regions (dmft/DMFT d-subgroup and D-subgroup p < 0.01), but only for DMFT for sex. The
ORs estimated by logistic regression by total caries experience showed a protective effect for
12 year old subjects and those living in southern provinces, an OR of 0.52 (95%CI 0.43–0.64) and
an OR of 0.26 (95%CI 0.21–0.32), respectively. Conclusions: Dental caries in African countries,
including Burundi, remains a major problem affecting the general health and wellbeing of the
population. Tackling untreated caries requires a multifaceted approach, including strengthening
oral health infrastructure, promoting oral health education, providing affordable dental services,
and encouraging healthier eating habits.

Keywords: caries epidemiology; children; DMFT index; Burundi
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1. Introduction

In the African region, about half of the population suffers from oral diseases, most
notably dental caries, periodontal disease, and tooth loss [1,2]. African countries face a
disproportionate burden of tooth decay due to a number of factors, including limited access
to dental care, poor oral hygiene practices, inadequate oral health education, and lack of
preventive measures [3,4].

Caries prevalence has been declining in high-income countries (HICs) since the
1970s [5], but population data from many low-income countries (LICs) remain scarce.
Management cost for oral diseases in LICs is skyrocketing [6]. Their impact affects quality
of life, child growth, and daily activities [7,8]. The high rate of untreated caries in LICs is
related to local endemic barriers, such as reduced human resources, lack of infrastructure,
and poor information [9].

While numerous oral health studies have been conducted in Tanzania, Ghana, Ethiopia,
Burkina Faso, and other African countries [10–14], there are limited studies on pediatric
caries prevention and treatment in Burundi. The Republic of Burundi is a landlocked
country in East Africa, situated in the African Great Lakes Region, to the east of the
Democratic Republic of the Congo. Burundi consists of 18 regions, roughly divided into
a northern hilly and mountainous part and a southern plain and with a population of
12.55 million. It has a GDP per capita of USD 221.48 [15]. According to the United Nations
Development Program (UNDP), it is one of the least developed countries in the world in
terms of life expectancy, literacy, and per capita income, ranking 187th out of 189th [16].
Despite the scarce economic resources and the fragmented public health system, oral health
is included as a “public health problem” in the country’s national agenda and the national
long-term health policy (Plan National de la Santé) [17], but several constraints limit the
resilience of the local health system. There is a lack of oral health promotion and primary
prevention of caries in Burundi [18,19], and the economic situation poses a challenge to
individuals seeking dental care. The majority of the population faces financial barriers to
accessing care. The risk of catastrophic health expenditure hinders regular dental check-
ups, treatment, and preventive measures [20]. Strengthening the national oral healthcare
systems seems pivotal [21]. Poor dental care infrastructure, particularly in underserved
areas, lack of oral health education, and insufficient numbers of dental clinics, oral health
professionals, and educational interventions need to be addressed [22–26]. LICs are faced
with the challenge of the increasing caries prevalence, as the upward trend is mainly due
to cariogenic dietary habits, poor oral hygiene, and fragmented care services. Data are
scattered, and many countries have never had an epidemiologic survey [3]. Hence, the aim
of this study was to present the first survey on oral health among schoolchildren in Burundi
using the dmft/DMFT index. This will allow future national integrated strategies for the
provision of primary healthcare and promote cost containment in health policy planning
and development.

2. Materials and Methods

2.1. Study Design and Setting

The study was conducted in Burundi (Figure 1) and was designed as a cross-
sectional population-based epidemiology survey. The University of Bern (Switzerland)
and the University of Sassari (Italy) collaborated in the design and implementation of
the study.
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Figure 1. Geographical localization of Burundi, and areas of the study. The colored lines enclose the
areas where the study took place.

2.2. Methods

Sample size was assessed using the freeware online application openepi (http://www.
openepi.com version 3, (accessed on 10 July 2023)), taking into account that no data were
available; therefore, an expected prevalence of 50% was considered [27,28], as the expected
prevalence was within the range of 10% and 90% of the prevalence. A confidence level of
97% was used. The number returned was 471; however, as Burundi could be divided into
two main areas, the sample size was doubled. This strategy resulted in a sample that was
self-weighting. Each child’s parents/caregivers received a leaflet explaining the aim of the
study and requesting the child’s participation. Only children whose parents/caregivers
signed the participation form were enrolled. All the subjects belonged to two age groups:
6 and 12 years old.

The survey method was carried out after a calibration process with caries lesions
detected on images and clinically by four examiners. The calibration process was carried
out first on images and then on 36 subjects equally distributed between the two age groups.
Intra- and inter-observer reliability was assessed using Cohen’s kappa score.

The survey was designed according to the WHO methodology for oral health sur-
veys [29]. Oral examinations were conducted in school rooms using a dental mirror,
probe, and headlight. The following characteristics of the primary dentition status were
recorded: decayed (d/D), missing (m/M), and filled (f/F) teeth, and the dmft/DMFT
(d + m + f t/D + M + F T) index was then calculated for each subject.
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2.3. Data Collection and Analysis

Data were entered into Excel (Microsoft Office, Microsoft Corporation, Redmond, WS,
USA) and analyzed using STATA® 17.0 statistical software (StatCorp., Austin, TX, USA) at
a statistically significant level of p < 0.05. Total caries experience was converted as a dichoto-
mous variable on the basis of the dmft/DMFT index (0 = caries free; 1 = at least one tooth
with a history of caries regardless of whether the active lesion tooth was extracted or filled
for caries). Subjects were grouped according to whether they lived in the northern (Kayanza,
Muyinga, and Kirundo) or southern (Rumonge, Rutana, and Bujumbura) regions. The liv-
ing area (urban or rural) was also taken into account. Qualitative variables were described in
terms of absolute and relative frequencies. Associations between categorical variables were
tested using Pearson’s chi-square. Quantitative variables were represented by measures of
position and variability. One-way ANOVA was used to evaluate the differences between
parametric variables. Multivariate analysis was performed using logistic regression for
total caries experience and gender, age groups, living area, and geographical provinces. The
presence of a possible effect modifier was assessed by cross-tabulation and generation of
dummy variables tested by the above logistic regression analysis. The map of Burundi was
retrieved from the World Atlas (https://www.worldatlas.com/maps/burundi, (assessed
on 10 July 2023)) and ArcGIS software was used for geographic mapping and the shape file
generation (version 10.8.2, Redlands, CA, USA).

3. Results

Intra- and inter-observer agreement, assessed using Cohen’s Kappa score, was good
(0.78–0.84 and 0.73–0.89 ranges for Intra- and inter-observer agreement, respectively).
A total of 1902 children were examined, 1007 (52.94%) in the six-year-old group and
895 (47.06%) in the older group (Table 1).

Table 1. Demographic characteristics (sex, age groups, living area, provinces) of the enrolled sample.

Sex

Males
n (%)

Females
n (%)

Total
n (%)

6-year-olds 476 (47.27) 531 (52.73) 1007 (52.94)
12-year-olds 430 (48.04) 465 (51.96) 895 (47.06)

Pearson χ2
(1) = 0.11 p = 0.74

Urban 286 (46.89) 324 (53.11) 610 (32.07)
Rural 620 (47.99) 672 (52.01) 1292 (67.93)

Pearson χ2
(1) = 0.20 p = 0.65

Kayanza 125 (41.39) 177 (58.61) 302 (15.88)
Muyinga 247 (49.30) 254 (50.70) 501 (26.34)
Kirundo 152 (50.84) 147 (49.16) 299 (15.72)

Northern provinces 524 (47.55) 578 (52.45) 1102 (57.94)

Rumonge 149 (49.67) 151 (50.33) 300 (15.77)
Rutana 136 (45.33) 164 (54.67) 300 (15.77)

Bujumbura 97 (48.50) 103 (51.50) 200 (10.52)
Southern provinces 382 (47.75) 418 (52.25) 800 (42.06)

Pearson χ2
(5) = 7.70 p = 0.17

With regard to sex distribution, no statistically significant differences were observed
with respect to age groups (p = 0.74), living area (p = 0.65), and regions (p = 0.17). Caries,
dmft/DMFT, and subgroups, (Table 2, Figure 2) were statistically significantly different
between age groups, living areas and geographical regions (dmft/DMFT d-subgroup and
D-subgroup p < 0.01), but only for DMFT for sex (Figure 3).
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Table 2. Caries diseases indices (dmft/DMFT) sorted by sex, age groups, living area, and provinces
of the enrolled sample.

(A) Primary Dentition (B) Permanent Dentition

Males
mean ± SD (range)

Females
mean ± SD (range)

One-way
ANOVA
p-value

Sex

Males
mean ± SD (range)

Females
mean ± SD (range)

One-way
ANOVA
p-value

d 1.25 ± 2.33 (0–13) 1.33 ± 2.37 (0–16) 0.51 D 0.71 ± 1.46 (0–9) 0.89 ± 1.74 (0–12) 0.01
m 0.1 ± 0.43 (0–4) 0.09 ± 0.48 (0–6) 0.70 M 0.01 ± 0.13 (0–2) 0.01 ± 0.12 (0–2) 0.71
f 0.01 ± 0.17 (0–5) 0.00 ± 0.07 (0–2) 0.66 F -- 0.00 ± 0.03 (0–1) --

dmft 1.35 ± 2.47 (0–13) 1.42 ± 2.50 (0–16) 0.55 DMFT 0.72 ± 1.46 (0–9) 0.90 ± 1.75 (0–12) 0.02

6-year-olds
mean ± SD (range)

12-year-olds
mean ± SD (range)

One-way
ANOVA
p-value

Age groups

6-year-olds
mean ± SD (range)

12-year-olds
mean ± SD (range)

One-way
ANOVA
p-value

d 2.28 ± 2.83 (0–16) 0.18 ± 0.67 (0–7) <0.01 D 0.28 ± 0.77 (0–6) 1.39 ± 2.05 (0–12) <0.01
m 0.17 ± 0.59) (0–6) 0.01 ± 0.17 (0–3) <0.01 M 0.01 ± 0.10 (0–2) 0.02 ± 0.15 (0–2) 0.25
f 0.01 ± 0.17 (0–5) -- -- F -- 0.00 ± 0.03 (0–1) --

dmft 2.45 ± 2.97 (0–16) 0.19 ± 0.70 (0–7) <0.01 DMFT 0.29 ± 0.78 (0–6) 1.41 ± 2.06 (0–12) <0.01

Urban
mean ± SD (range)

Rural
mean ± SD (range)

One-way
ANOVA
p-value

Living Area

Urban
mean ± SD (range)

Rural
mean ± SD (range)

One-way
ANOVA
p-value

d 1.03 ± 1.86 (0–11) 1.41 ± 2.55 (0–16) <0.01 D 0.35 ± 0.91 (0–7) 1.02 ± 1.82 (0–12) <0.01
m 0.10 ± 0.51 (0–6) 0.09 ± 0.42 (0–4) 0.59 M 0.01 ± 0.09 (0–1) 0.01 ± 0.14 (0–2) 0.36
f 0.01 ± 0.22 (0–5) -- -- F 0.00 ± 0.04 (0–1) -- --

dmft 1.13 ± 2.02 (0–12) 1.50 ± 2.68 (0–16) <0.01 DMFT 0.36 ± 0.92 (0–7) 1.03 ± 1.82 (0–12) <0.01

Northern regions
mean ± SD (range)

Southern regions
mean ± SD (range)

One-way
ANOVA
p-value

Geographical
regions

Northern regions
mean ± SD (range)

Southern regions
mean ± SD (range)

One-way
ANOVA
p-value

d 1.70 ± 2.77 (0–16) 0.73 ± 1.45 (0–10) <0.01 D 1.17 ± 1.94 (0–12) 0.30 ± 0.75 (0–6) <0.01
m 0.10 ± 0.48 (0–6) 0.09 ± 0.42 (0–4) 0.67 M 0.00 ± 0.05 (0–1) 0.03 ± 0.19 (0–2) <0.01
f -- 0.01 ± 0.19 (0–5) F -- 0.00 ± 0.04 (0–1) --

dmft 1.80 ± 2.89 (0–16) 0.81 ± 1.60 (0–11) <0.01 DMFT 1.17 ± 1.94 (0–12) 0.32 ± 0.80 (0–6) <0.01

Figure 2. Total caries experience expressed as mean and standard deviation in the different areas of
the study.
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Figure 3. Caries experience in primary and permanent dentition dmft/DMFT, as the mean and
standard deviation in the different areas of the study.

The difference between filled teeth (f/F) was not computed as the number of fillings
was too low. The ORs estimated by logistic regression (Table 3) by total caries experience
showed a protective effect for the 12 year old subjects and those living in southern provinces
an OR of 0.52 (95%CI 0.43–0.64) and an OR 0.26 (95%CI 0.21–0.32), respectively.

Table 3. Logistic estimates of the model for total caries experience and gender, age groups, living
area, and geographical region.

Total Caries Experience
Bivariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Sex (females) 1.19 (1.00–1.42) 0.07 1.20 (1.00–1.47) 0.06
Age groups (12-year-olds) 0.62 (0.52–0.75) <0.01 0.52 (0.43–0.64) <0.01

Living area (Rural) 1.76 (1.45–2.14) <0.01 1.20 (0.96–1.49) 0.104
Geographical regions (Southern) 0.26 (0.22–0.32) <0.01 0.26 (0.21–0.32) <0.01

Living area/geographical
provinces (Rural/Southern) 0.48 (0.43–0.55) <0.01

The association in the logistic regression showed an effect modifier of area of residence
(urban or rural) with geographical gradient. Cross-tabulation between living area and
geographical area (χ2 = 233.12 p < 0.01) showed an inversely proportional association. A
living area/geographical regions dummy variable was created, which yielded a protective
OR in bivariate regression (people living in urban areas in the south had a 50% lower risk
of having caries).

4. Discussion

This study provides the first data on the oral health status of schoolchildren in Bu-
rundi. A higher dmft at 6 years than DMFT at 12 years was noted. Previous studies from
Ethiopia [30] and Tanzania [31] showed similar results.

The analysis showed a higher prevalence of caries in females. These data are consistent
with trends in East Africa [3]. Due to premature eruption, female teeth are exposed earlier
to the oral environment, bacteria, and bacterial substrates than males of the same age [32].
Dietary habits are crucial, and the exposure of females to food preparation is a direct reason,
due to easier access to food and snacks outside mealtimes [32].

83



Medicina 2023, 59, 1538

In the present survey, children aged 6 years were keener to develop caries in the
primary dentition than in the permanent dentition at the age of 12 years. The prevalence
of caries is considered age-dependent [3]. Inaccurate tooth brushing techniques are asso-
ciated with a higher prevalence of caries. The highest plaque reduction was found in the
12-year-old age group and the lowest in the 6-year-olds, with no difference between the
sexes [33].

Although urban populations generally report higher caries experience than their ru-
ral counterparts, a higher caries experience among children from rural areas and for the
northern provinces of Kayanza, Muyinga, and Kirundo was observed. It is necessary to
emphasize that the majority of the population lives in rural areas with lower per capita
income. There are significant differences in the distribution of oral health services, accessi-
bility, utilization, and outcomes between urban and rural areas in both HICs and LICs [34].
Daily consumption of processed foods and sugar is relatively higher in urban areas than in
rural areas [35]. Urban populations appear to be more aware of the importance of positive
dental behaviors, such as tooth cleaning and regular dental visits as oral disease prevention
techniques. Rural populations also appear to be less informed about the role of fluoride in
caries [36,37]. The results show that the D component is disproportionately high in all six
regions. Similarly, caries management seems to be a neglected area. The F-component had a
negligible contribution in our study, as almost no fillings were restored during the screening
process [38–40]. Data are consistent with neighboring countries [3]. Several factors may
be responsible for the high proportion of untreated caries and lack of caries treatment.
The high costs associated with dental treatment and the lack of providers are important
factors. Dental treatment can be costly for an average Burundian family. Implementing
policies to ensure affordability and accessibility of dental services can reduce barriers to
oral healthcare, as safety nets, insurance coverage, and public health initiatives are not
reported [41,42].

Second, the availability and distribution of facilities and personnel represent a prereq-
uisite for an efficient service delivery system and influence the type of services provided
and the number and type of patients seen [43]. Dental shortages are often endemic on the
African continent [44]. Information on the health infrastructure in Burundi is lacking, as is
information on the number and location of staff. The WHO database counts 14 dentists
in the country, 0.012 per 10,000 inhabitants (HICs ratio is 1:2000), according to latest data
from 2018 [26]. Strengthening the dental care infrastructure through governments and in-
ternational organizations will be a valid alternative impacting the caries burden, including
promoting the role of mid-level providers such as dental therapists [45–48].

Parental education and income often determine access to care and preventive measures
such as low-calorie, sugar-based diets, and daily use of toothpaste and toothbrushes [49].
Integrating oral health education into the national curriculum and community outreach
programs can increase awareness of oral hygiene practices, the importance of regular dental
check-ups, and caries prevention. Cost-effective practices at the primary care level can also
have long-term results, such as sodium fluoride mouthwash for primary school children
(6–12 years) and providing varnish therapy twice a year for primary school children
(6–14 years).

Many African countries face several challenges in promoting healthy diets and reduc-
ing the intake of cariogenic substances [50]. In addition to poverty-related inaccessibility to
healthy diets, differences in fruit and vegetable intake can be attributed to low awareness
and knowledge. Although dietary intake in the Great Lakes Region is dominated by tradi-
tional local foods such as sweet potatoes, cassava, and maize, intake of so-called ‘weekend
foods’ and Western foods (i.e., sugary drinks and snacks) is increasing rapidly [51].

At the local level, the dietary transition that has introduced soft drinks, fast foods, and
Western brand names to the continent is a national phenomenon that is progressing rapidly,
especially in urban areas [52]. By promoting healthy eating habits, local authorities can
raise awareness of their impact on oral health and noncommunicable diseases in general,
taking into account public health campaigns and regulations.
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This study had some limitations. The sample of schoolchildren considered was exclu-
sively from public schools. Public schools are publicly funded and have subsidized tuition
fees, whereas private schools are privately funded and have high tuition fees. Although
public schools represent the vast majority of the population, different risk factors may be
associated with the more affluent individuals attending private schools. In addition, data
on covariates were not collected during the screening. Information on diet, oral hygiene
habits, income, and family education level is missing.

5. Conclusions

Dental caries in African countries, including Burundi, remains a major problem affect-
ing the general health and well-being of the population. As shown by this study, untreated
caries prevalence is sky-high, and caries treatments are completely absent. Providing
effective measures seems a priority, and multifaceted comprehensive approaches can be
a solution. By prioritizing oral health and untreated caries as part of a broader health
agenda, Burundi can work toward reducing its health and social impact, particularly in
more neglected areas.
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Abstract: Background and Objectives: Resin composites represent a class of materials widely used
in restorative dentistry due to patient demands for better aesthetics. Colour changes in composite
resins can occur due to intrinsic and extrinsic factors. Beverages, such as vegetable juices, can be
some of these extrinsic factors. The purpose of this study was to investigate the colour stability
and modification of microhardness of two resin composites before and after immersion in different
vegetable juices. Materials and Methods: The colour of two resin composite materials (Gradia Direct
Anterior-shade A2 and Valux Plus—shade A2) was measured before and after immersion in four
different solutions: distilled water (as control), beetroot, carrot, and tomato juice. Colour values
(L *, a *, b *) were measured over a white background with a colorimeter, using the CIE L *a *b *
system. Colour change values were calculated after 1, 3, 5, and 7 days of immersion. Microhardness
measurements were taken before and after seven days immersion in test media. Repeated measures
analysis of variance (ANOVA) and independent t-tests were applied for statistical analysis. Results: All
vegetable juices produced statistically different discolouration after immersion for 7 days (p < 0.05).
Tomato juice produced the most discolouration for the Gradia Direct specimens, whereas beetroot
juice and carrot juice produced the most discolouration for the Valux Plus specimens. Microhardness
of the materials immersed for 7 days in vegetable juices was reduced compared to the ones immersed
in distilled water. Conclusions: Vegetable juices, immersion time, and dental resin composites are
significant factors that may affect colour stability and microhardness of composite resins.

Keywords: resin composites; colour change; vegetable juices; caries management; microhardness

1. Introduction

Dental restorative materials are used to replace a decayed portion of tooth structure
due to dental cavities, dental traumas, or tooth wear, and UV light is commonly used
by dentists to cure fillings [1]. Among these materials, the use of composite resins has
increased recently due to increasing demands for aesthetic restorations. Besides the aes-
thetic appearance, physical and mechanical properties of these materials are also of great
importance. Any aesthetic restorative material must simulate tooth surface texture and its
natural colour and also maintain these characteristics for long periods of time. However,
discolouration of dental materials remains a major problem for their long-term use [2–7].

Discolouration of restorations can be caused by two factors: extrinsic and intrinsic.
Intrinsic staining is permanent and can be related to the matrix, type, and amount of filler;
photoinitiator system; and polymerization degree (conversion rate) of the composite resins.
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Extrinsic factors include surface stains, accumulation of plaque, superficial degradation, or
a slight penetration of staining agents in the superficial layers of dental materials which
can lead to alterations of surface or subsurface colour. Moreover, externally induced
discolouration can be associated with surface integrity and surface roughness, which is
related to the finishing and polishing technique [4–10].

Dental materials are inevitably exposed to food and drinks which may cause a colour
change and may affect the aesthetic and physical properties. The degree of discolouration is
affected by oral hygiene, smoking, and eating–drinking habits. Previous studies on colour
stability and surface properties of composites have shown that different beverages, such
as coffee, tea, red wine, juices, and carbonated drinks, may affect not only the aesthetic
but also the physical properties of composite resins, thereby undermining the quality of
the restoration. The effect of beverages on the properties of composite resins may also be
directly related to the amount and frequency of their intake [4,8,9,11–16]. Several studies
suggest that nanohybrid composites do not exhibit superior stain resistance compared to
microhybrid composites when immersed in different beverages. Therefore, the chosen
materials for this study were a microhybrid and a hybrid composite [15–17]. Consumption
of 100% fruit juice beverages is an easy way to increase the nutrients in the diets of adults
and children. Besides fruit juices, vegetable juices are also commonly consumed. Juices
(even vegetable juices) contain naturally occurring acids that can lead to tooth decay, dental
erosion, or colour changes. Among vegetable juices, beetroot, carrot, and tomato juices
were selected as they are frequently introduced into adults’ and children’s diets; are known
to be high in antioxidants, easily accessible, and affordable; and have a strong potential to
stain tooth restorative materials [18].

The aim of this study was to evaluate the effects of immersion in different vegetable
juices (beetroot, carrot, and tomato juices) on the colour and microhardness of two resin-
based composite materials. The null hypotheses tested were: (i) vegetable juices have no
effect on the colour stability of the resin composites chosen for the study at different times,
and (ii) there are no differences in microhardness between resin composites immersed in
vegetable juices for 7 days and the ones immersed in distilled water.

2. Materials and Methods

2.1. Materials and Sample Preparation

Two resin composite materials were used in this study: micro-filled hybrid resin
composite Gradia Direct Anterior, shade A2 (GC Corporation, Tokyo, Japan, Lot number
2102191) and hybrid resin composite Valux Plus, shade A2 (3M ESPE, USA, Lot number
NE88327). The light source used to light cure the specimens was Dental Curing Light
(Curing Pen, Eighteeth, Changzhou Sifary Medical Technology Co., Ltd., Changzhou,
China). The storage environments were commercially available 100% vegetable juices
(beetroot juice, carrot juice, and tomato juice) (Josef Polz, Garching, Germany), and distilled
water was used as the control.

A total of 72 samples (36 samples for each material), 14 ± 0.1 mm diameter and
1.5 ± 0.1 mm thick, were prepared using a circular mould held between two glass slides. A
2 kg weight was placed on top for 1 min to facilitate uniformity of the sample. Samples were
cured for 20 s on each side (40 s in total) with a light-curing device set at 1500 mW/cm2

at a 2 mm distance. After polymerization, the samples were removed from the mould
and polished on one side using KENDA C.G.I., Polishers for Composites, Compomers,
and Glass-Ionomers Polishers, Coarse. The final thickness of the polished specimens was
1.4 ± 0.1 mm, which was verified by a micrometre (Mitutoyo, Kawasaki, Japan).

After preparation, all samples were stored in distilled water at 37 ◦C for 24 h, for water
absorption and completion of the polymerisation process, in proximity to oral conditions,
using a Forced-Air Drying Oven (BOV V136F, Biobase, Jinan, China). Specimens of each
type of composite were then randomly divided into 4 subgroups (n = 9) [9]: group 1 to
be immersed in distilled water (which acted as a control group), group 2 to be immersed
in beetroot juice, group 3 to be immersed in carrot juice, and group 4 to be immersed in
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tomato juice, for a total period of seven days at 37 ◦C. Baseline measurements were made
following 24 h immersion in distilled water.

The pH of each beverage was measured before immersion with a pH meter (Sev-
enCompact S210, Mettler–Toledo GmbH, Greifensee, Switzerland) (pH distilled water
6.58 ± 0.1, beetroot juice 4.34 ± 0.06, carrot juice 4.42 ± 0.02, tomato juice 4.26 ± 0.04).
Beverages were used at a temperature of about 4 ◦C, and they were replaced daily to
prevent possible interactions/bacterial adhesion.

2.2. Colour Stability Testing

The colour was evaluated on the polished side of the specimens using a colorimeter
(Chroma Meter CR400, Konica Minolta, Tokyo, Japan) against a white background using
the Commission International de I’Eclairage CIE (L *a *b *) colour system [5,8]. The colour
was measured before being immersed in beverages as a baseline and also after immersion
for 1, 3, 5, and 7 days, respectively. At each time point, specimens were rinsed with distilled
water for 20 s after being removed from the solution and blotted dry with absorbent paper.
The overall colour change ΔE * was calculated from the single colour values L *, a *, and
b *, according to Equation (1) [4,9,12]:

ΔE * = [(ΔL *)2 + (Δa *)2 + (Δb *)2]1/2 (1)

ΔL * describes the differences in brightness, Δa * stands for the changes on the red–
green axis, and Δb * depicts the shifting on the yellow–blue axis.

As previously described in the literature, the following scale was used to classify the
resulting colour difference values (ΔE): a difference below 2.0 units in the CIE colour space
was classified as unnoticeable, between 2.1 and 3.5 units as slightly perceptible, between
3.6 and 5.0 units as clearly perceptible, and 5.1 units or above as pronounced [11].

2.3. Microhardness Measurement

Vickers microhardness values were measured by testing four samples from each
group [19] before and after 7 days of immersion in the solutions, using a MicroHardness
Tester (DuraScan 70, Emco Prüfmaschinen-Test GmbH, Kuchl, Austria). For every sample,
three indentations were made, each being no closer than 0.5 mm to the adjacent indentation
(EN ISO 6507-1:2018), and the test load of the Vickers indenter was 4.9 N (0.5 kgf). The
two diagonal lengths of each indentation were measured by a 40× magnification built-in
scale microscope and were converted into a microhardness value (HV) using the following
equation: HV = 1.854 P/d2, where HV is microhardness in kgf/mm2, P is the load in kgf,
and d is the average length of the diagonals in mm.

2.4. Statistical Analysis

Data were analysed using SPSS software version 20. Descriptive statistics, including
mean, standard deviation of mean, and minimum and maximum values, were calculated
for each group. An independent t-test was used to compare the data after immersion in
vegetable juices and water. To evaluate the differences between the discolouration observed
at different immersion time points, repeated measures ANOVA was used. In the present
study, p ≤ 0.05 was considered as the level of significance. An independent t-test was
used to compare the data on microhardness of the composite materials following 7 days
immersion in vegetable juices and water.

3. Results

3.1. Effect of Vegetable Juices on Colour Stability of Resin Composites

The results for the colour measurements of the tested samples at different time points
of immersion and in the different vegetable juices are shown in Tables S1 and S2, which can
be found in the Supplementary Material, in Table 1, and in Figures 1 and 2.
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Table 1. p-values for independent t-test (for comparison of ΔE * for both materials at different
time points).

Day 1 Day 3 Day 5 Day 7

Beetroot juice 0.037 * <0.001 * 0.011 * 0.004 *

Carrot juice 0.113 0.010 * 0.004 * 0.031 *

Tomato juice 0.540 0.235 0.536 0.260
* Indicates significant difference.

 

Figure 1. Colour change (mean values ± standard error of mean) for Gradia Direct samples. A lower-
case letter indicates a statistical difference between the mean discolouration of samples immersed in
distilled water and that of samples immersed in vegetable juice at each time point (e.g., “a” indicates
a statistical difference between the mean discolouration of samples immersed in distilled water and
that of samples immersed in beetroot juice for 3 days).

 

Figure 2. Colour change (mean values ± standard error of mean) for Valux Plus samples. A lowercase
letter indicates a statistical difference between the mean discolouration of samples immersed in
distilled water and that of samples immersed in vegetable juice at each time point (e.g., “b” indicates
a statistical difference between the mean discolouration of samples immersed in distilled water and
that of samples immersed in carrot juice for 3 days).
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For Gradia Direct samples, imperceptible differences with ΔE < 2.0 were noted after
immersion in water at all time points and after immersion in all vegetable juices for 1 day.
Slightly perceptible differences with ΔE between 2.1 and 3.5 were recorded for samples
immersed in all vegetable juices for 3 days and also for samples immersed in carrot juice
for 5 days. Clearly perceptible differences with ΔE between 3.6 and 5.0 were observed
for beetroot and tomato juices at day 5. A pronounced colour difference was noted only
at day 7 for samples immersed in beetroot juice and tomato juice. The highest value
of ΔE was recorded from tomato juice as the staining liquid after 7 days of immersion
(ΔE = 8.74 ± 0.92).

The statistical analysis of mean colour change ΔE of Gradia Direct samples immersed
in vegetable juices versus control (samples immersed in distilled water) for each time point
is presented in Table S1. The results showed a statistical difference between the mean
discolouration of samples immersed in distilled water and samples immersed in beetroot
and tomato juices for 3 days and 5 days, respectively, and also samples immersed in all
vegetable juices for 7 days (p < 0.05).

A statistical analysis of mean discolouration of Gradia Direct samples immersed in
vegetable juices at consecutive time points of immersion was also conducted using repeated
measures ANOVA. In beetroot juice, statistically significant differences were observed
between day 3 and day 5 (p = 0.012) and between day 5 and day 7 (p = 0.037). In carrot
juice, statistically significant differences were observed between day 3 and day 5 (p = 0.013)
and between day 5 and day 7 (p = 0.002). In tomato juice, statistically significant differences
were observed between day 3 and day 5 (p = 0.001) and between day 5 and day 7 (p < 0.001).

For the Valux Plus samples, similar to Gradia Direct, imperceptible differences with
ΔE < 2.0 were noted after immersion in water at all time points and after immersion in all
vegetable juices for 1 day. For samples immersed in beetroot juice for 1 day, the average
ΔE was 2.01, a value close to the threshold and therefore considered an imperceptible
difference. Starting day 3, the effect of vegetable juice on the colour of the samples was
more pronounced for the Valux Plus than for Gradia Direct ones. For the samples immersed
in beetroot and carrot juices, ΔE was higher than 5.0, and the samples immersed in tomato
juice for 3 days showed a clearly perceptible difference with ΔE = 3.60. A pronounced
colour difference was noted after 5 days of immersion and also after 7 days for all Valux
Plus samples immersed in vegetable juices, with the highest value of ΔE being recorded
from beetroot juice as the staining liquid after 7 days of immersion (ΔE = 11.53 ± 1.27).

The results of the independent t-test showed a statistical difference between the
mean discolouration of samples immersed in distilled water and samples immersed in all
vegetable juices for 3, 5, and 7 days, respectively (p < 0.05).

The mean discolouration of Valux Plus samples immersed in vegetable juices was
statistically analysed over the 7 days by repeated measures ANOVA, between consecutive
time points. In beetroot juice, statistically significant differences were observed between
day 1 and day 3 (p < 0.001) and between day 5 and day 7 (p = 0.031). In carrot juice,
statistically significant differences were observed between day 1 and day 3 (p < 0.001). In
tomato juice, differences in the colour of the material were observed between day 1 and
day 3 (p < 0.001) and between day 3 and day 5 (p = 0.007).

An independent t-test was used to compare the mean discolouration of Gradia Direct
and Valux Plus samples exposed to the same vegetable juice at each time point to see if
these materials were affected differently by the test media (Table 1). As shown in Table 1,
no significant difference was found between the mean discolouration of Gradia Direct and
Valux Plus samples immersed in tomato juice at any time point and for those immersed
in carrot juice for 1 day (p > 0.05). At 3-, 5-, and 7-days immersion time in carrot juice,
results showed a significant difference between the materials (p < 0.05). Beetroot juice
appeared to be the only vegetable juice tested that affected the two materials differently,
with a significant difference being observed at all time points (p < 0.05).
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3.2. Effect of Vegetable Juices on Microhardness of Resin Composites

Microhardness measurements were taken before and after seven days of immersion
in test media and reported as mean ± standard error of mean. Microhardness measure-
ments taken before immersion in vegetable juices were 40 ± 0.16 for Gradia Direct and
129 ± 0.55 for Valux Plus samples. Microhardness results for Gradia Direct and Valux
Plus samples after seven days of immersion in vegetable juices are reported in Table 2.
Results showed that the microhardness of Valux Plus samples was greater than that of
Gradia Direct samples. For both materials, microhardness values reduced slightly in all the
groups following exposure to vegetable juices compared to those immersed in water. An
independent t-test was used to evaluate the effect of beverages on microhardness. For both
materials, statistically significant differences in microhardness were observed after seven
days of immersion in all three types of vegetable juice when compared to those immersed
in water (Table 2).

Table 2. HV microhardness (Mean ± Standard Error of Mean) of Gradia Direct and Valux Plus
samples after seven days of immersion in test media.

Gradia Direct Valux Plus

Mean ± SEM p Value Mean ± SEM p Value

Water 39.76 ± 1.20 - 121.33 ± 2.39 -

Beetroot juice 38.57 ± 0.97 0.014 * 119.17 ± 1.27 0.013 *

Carrot juice 37.96 ± 1.44 0.003 * 119.00 ± 1.21 0.008 *

Tomato juice 37.60 ± 0.61 <0.001 * 118.75 ± 1.22 0.004 *
* Indicates significant difference.

The percentage variation in microhardness of samples immersed for seven days in
vegetable juice compared with those immersed in water was evaluated by Equation (2).

Percentage variation in microhardness = (Microhardness in water − Microhardness in juice)/Microhardness in water × 100 (2)

The results obtained are presented in Figure 3. The standard fraction change in
microhardness for both materials followed the same pattern, increasing from beetroot juice
to carrot juice and tomato juice. Percentage variation in microhardness appeared to be more
pronounced for Gradia Direct samples compared with Valux Plus samples, and tomato
juice seemed to have a greater effect compared to the other two vegetable juices.

 

Figure 3. Percentage variation in microhardness for Gradia Direct and Valux Plus samples.
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4. Discussion

Discolouration of dental restorative materials constitutes a continuous challenge in
dentistry and can be a reason for the replacement of dental restorations, especially in aesthetic
areas. This process concerns both patients and dentists and is time- and money-consuming.

Colour changes can be evaluated using a visual method, which is subjective and thus
of low reproducibility, or by instrumental techniques, which give objective and statistically
utilizable results. In dentistry, colour measurement devices are generally utilised, and the
Commission International de I’Eclairage CIE (L *a *b *) colour system is used to determine
the colour differences or changes.

The results of this study indicated that colour changes varied based on the type of resin
composite, time of immersion, and staining liquid. After immersion in vegetable juices,
it was observed that the colour differences (ΔE) increased for both resin composites over
the experimental period, regardless of staining solution; the most intense colour change
occurred after seven days.

Among all the vegetable juices tested, the largest colour change for Gradia Direct sam-
ples was observed in tomato juice, followed by beetroot and carrot juices. The largest
colour change for Valux Plus samples was seen in beetroot juice, followed by carrot
juice and tomato juice. When comparing the two materials, microhybrid Gradia Direct
samples generally exhibited the least colour changes, except for samples immersed in
tomato juice for seven days where a ΔE value of 8.74 ± 0.92 was recorded compared with
ΔE = 6.95 ± 1.22 for Valux Plus. In this study, pH measurements showed similar values for
all vegetable juices, and they were in the acidic region.

The colour changes in resin composites after immersion in various liquid beverages
has been a subject of great interest in many studies. Factors that influence colour changes
can be attributed both to beverages (colourants, pH) and dental materials (composition,
properties). Acidic foods and beverages may induce discolouration by affecting surface
integrity. The staining susceptibility of resin composites might be related to their degree of
water sorption and the hydrophilicity of the matrix resin. The absorption and adsorption
of colourants with different polarities, found in different beverages, on the surface of
resin composites have also been proposed as potential factors. Additionally, it has been
suggested that silanisation of filler particles plays an important role in discolouration due
to the fact that silane has high water absorption levels [4,8,9,11,13].

Our findings showed that Valux Plus had generally lower colour stability compared
to Gradia Direct. Differences in resin matrix and filler compositions could be factors that
determined different discolourations of the two composites. The resin matrix of the Valux
Plus product contains Bisphenol A Diglycidyl Ether Dimethacrylate (BISGMA), Triethy-
lene Glycol Dimethacrylate (TEGDMA) and silane treated ceramic, which are considered
vulnerable to staining due to their increased hydrophilicity [20,21]. These composites
have zirconia/silica fillers [22,23], which may have a porosity that facilitates colourant
penetration. These results are in agreement with previous studies that have reported that
products that contain similar components in the matrix and fillers, as in Valux Plus, were
prone to staining and discolouration [8].

Immersion in different test media can result in the degradation of the matrix and fillers
of resin composites, to some extent. Surface hardness can be used as a predictor of the wear
resistance of a material [24]. The wear behaviour of the composite resins can be affected not
only by the type, size, and distribution of the filler, but also by the matrix and the bonding
strength between the matrix and filler. In addition, by increasing the volume fraction of the
filler, the wear loss decreases [25,26]. Pre-polymerized fillers have a lower hardness than
silica and zirconia mineral fillers [27].

Previous studies have reported that the filler fraction for Gradia Direct is 73% by
weight (64% by volume), containing silica and pre-polymerized fillers (average particle size
0.85 μm), and for Valux–Plus, it is 85% by weight (66% by volume), containing zirconia–
silica fillers (particle size 0.6–1 μm) [22,23]. In this study, microhardness values for Gradia
Direct samples were found to be significantly lower than for Valux Plus samples. This
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could be associated with the lower amount of filling in Gradia Direct compared with Valux
Plus samples, and also with the type of filling, which would be in agreement with previous
studies where composites with the highest filler by volume exhibited the highest hardness.

The pH is a very valuable indicator of the body’s health, starting from the oral cavity.
Good oral health involves maintaining an environment of the mouth near a neutral pH.
An acidic pH in the oral cavity contributes to dental erosion. Previous studies have
shown that some acidic foods and beverages can cause surface degradation and reduce
surface hardness of restorative dental materials [19,28–31]. In this study, both tested resin
composites registered a slight decrease in microhardness after one week immersion in juices,
compared with samples immersed in distilled water (p < 0.005). This can be associated
with the acidic pH of the beverages, results that are in agreement with previous studies
where surface hardness was reduced after immersion in acidic drinks. Considering the
results obtained, both null hypotheses were rejected.

The oral cavity is a complex and dynamic environment, and teeth and dental restora-
tions are exposed to a wide range of changes, including thermal or pH changes following
consumption of cold, hot, or acidic foods or drinks. Saliva plays also an important role in
diluting, neutralizing, and cleaning the oral cavity [32]. Furthermore, beverage and food
ingestion are dynamic processes that do not allow for the sustained static retention of fluid
in the oral cavity [8]. Therefore, clinical investigations evaluating the real effect of different
vegetable juices on colour stability of the aesthetic restorative materials tested in this study
may be beneficial. Further investigations may be required to evaluate the effect of different
fruit and vegetable juices on colour and mechanical and surface properties of aesthetic
restorative materials containing different resin matrices and filler compositions.

In the clinical practice, patients should be aware of the staining effects of the drinks
tested in this study, while practitioners should take into consideration the staining suscep-
tibility and the mechanical properties of the resin composites and recommend the ones
appropriate to the dietary habits of their patients.

5. Conclusions

Within the limitations of this study, the subsequent conclusions were drawn: Im-
mersion in vegetable juices affected the aesthetic and mechanical properties of the resin
composites tested. Colour changes were influenced by the composition of the materials,
time of immersion, and vegetable juices. For both resin composites, vegetable juices in-
duced discolouration which increased with exposure time. The highest colour change for
Gradia Direct samples was observed after immersion in tomato juice, while Valux Plus
samples showed the highest discolouration when immersed in beetroot juice. Change in
colour was generally higher in Valux Plus samples compared to Gradia Direct samples,
except for samples immersed in tomato juice for seven days. The microhardness of the
two materials tested significantly differed due to their compositions. Both resin composites
immersed in vegetable juices for seven days showed a lower microhardness than those
immersed in distilled water.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/medicina59040774/s1, Table S1: Colour change ΔE (Mean ± Standard Error
of Mean) for Gradia Direct in different test media at different time points; Table S2: Colour change ΔE
(Mean ± Standard Error of Mean) for Valux Plus samples in different test media at different time points.
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Abstract: Background and Objectives: The aim was to introduce an innovative, easy and cheap
clinical approach for the control of multiple proximal non-cavitated lesions via the application of 38%
silver fluoride after placement of orthodontic separators in the permanent dentition in high-caries-
risk children. Materials and Methods: The case series describes the management of initial proximal
carious lesions using silver fluoride (SF) products in the permanent dentition of two adolescent
patients with prior proximal caries progression. Both presented with multiple asymptomatic carious
lesions that were identified through the use of bitewing radiographs and classified according to
the ADA proximal caries classification system. Using orthodontic separators prior to the planned
application of SF, most of the surfaces could then be quickly directly examined to check for surface
integrity. Follow-up examinations were conducted clinically and radiographically for at least one
year to monitor lesion progression. Results: None of the 25 enamel lesions (E1/E2) exhibited signs of
progression after single SF application, while 2 out of 11 dentine lesions (D1) showed progression
and required restorative intervention. The progressed lesions potentially had non-cleansable micro-
cavitations that were either clinically undetected or not fully reached with the micro-brush in SF
application. Thus, this should have been repeated or combined with SF application via soaked
superfloss to potentially achieve better results. Conclusions: Single application of 38% silver fluoride
directly onto active enamel lesions in juvenile permanent teeth with the prior use of orthodontic
separators combined with a caries-risk-specific prevention program appears to be highly effective
and should be considered as a viable minimally invasive option for patients and clinicians due to its
cost-effectiveness and time efficiency.

Keywords: initial caries; silver fluoride; minimal invasive; caries diagnosis

1. Introduction

Dental caries are dynamic, with an imbalance between remineralization and dem-
ineralization of the dental surface [1], and initial lesions are the earliest stage of this
process. These develop when the enamel is demineralized under the subsurface beneath
an intact surface layer of enamel [2]. These initial lesions can be reversed or arrested if
remineralization outweighs the demineralization process, or transformed into a cavitation
if demineralization outweighs the remineralization process [3].

Active initial caries appear clinically as chalky white lesions [4] and can be easily
diagnosed on cleaned and dried occlusal or smooth surfaces. On the contrary, proximal
surfaces have always been a challenge regarding the early diagnosis and consequently
the control and management of the caries process. Clinical diagnosis within the area of
contact points, limited salivary access and the inability to self-cleanse have shaped this
challenge. In general, the caries process in the proximal area of the permanent dentition in
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low-caries-risk children is slow, especially in countries where a significant caries decline in
children has been observed [5]. Nonetheless, caries incidence during adolescence is still
high and mainly affects proximal surfaces.

Management of such lesions can range from improving oral hygiene practices and
fluoride use to the application of proximal sealants, caries infiltration and traditional
restorations [6]. Silver fluoride products (SF) offer a minimally invasive treatment option
that has been shown to be effective in managing carious lesions in children and adults [7].

In addition to the gold-standard X-rays, alternative methods have been introduced
over the last few decades for detecting caries without the use of radiation, such as optical
coherence tomography (OCT) and near-infrared (NIR) and fiber-optic technology, which
have contributed to the recently developed digital fiber optics (FOTI/DIFOTI) [8,9]. Using
these methods together enables early diagnosis, potentially shifting the intervention from
surgical to preventive treatment [3].

It is quite well known that SF provides significant chemical interference in the progres-
sion of caries and also has the ability to prevent the initiation of the caries process [10] for
both primary and permanent teeth [11,12]. It has been recommended from in vitro studies
that, especially in non-compliant patients, 38% SF be applied to remineralize incipient
caries lesions of permanent teeth where aesthetics is not a concern [13], as it is capable of
inducing/increasing enamel remineralization [7,14].

To the best of our knowledge, no clinical studies or case reports are available in the
literature on SF treatment of multiple active non-cavitated proximal carious lesions in
permanent dentition of children, despite the demonstrated high effectiveness of SF for all
stages of carious lesions.

This case series was prepared following the CARE Guidelines [15], and aims to
introduce an innovative, easy and cheap clinical approach for the control of multiple
proximal non-cavitated lesions via the application of 38% silver fluoride after placement of
orthodontic separators for direct clinical inspection and better access to the proximal lesion.

2. Case Presentations

Case 1

Patient information

In November 2019, a 13-year-old female patient in good health visited the Department
of Preventive and Pediatric Dentistry at the University of Greifswald for a routine dental
check-up, accompanied by her parents.

Clinical findings

The patient did not report any symptoms or complaints. During the dental exam-
ination, poor oral hygiene and a history of consuming sugary foods and drinks were
documented. Dental history revealed that the patient had worn a fixed orthodontic ap-
pliance for 18 months, which might have negatively affected the patient’s oral hygiene
and caries activity. The clinical examination (11/2019) revealed a suspicion of multiple
proximal carious lesions.

Diagnostic assessments

1. Clinical diagnostics: Proximal surfaces were screened with a near-infrared imaging
system and revealed the presence of both enamel and dentine lesions.

2. Bitewings radiographs: During the same dental visit, bitewing X-rays were taken
to confirm the presence of lesions and to determine their depth and proximity to
the pulp (Figure 1). The ADA proximal caries classification system was used to
diagnose and monitor progression of these lesions: E1: lesion in the outer half of the
enamel; E2: lesion within the inner half of the enamel; D1: lesion passing the enamel
dentin junction (EDJ) and within the outer third of dentin; D2: lesion within the 2nd
third of the dentine; D3: deep lesion passing the 2nd third of the dentin [16]. For
evaluations of the bitewing X-rays, three calibrated pediatric dentists classified the
lesions independently in a dark room with the option to digitally modify the contrast
and brightness of the X-rays. In the rare cases of disagreement, consent was reached
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via a discussion (Table 1). Bitewings were taken using a Sirona Heliodent DS and
a Xios XG supreme intraoral sensor, with a standard dose of 0.16 mAs. The same
criteria for bitewings were considered also for the follow-up visit which was at the
same time the pre-SDF radiographic examination (Figure 2).

(a) (b)

Figure 1. Case 1—Baseline in 11/2019: Bitewings show multiple proximal lesions but without clear
cavitation on the right (a) and left side (b). The patient was 13 years old and had a history of fixed
orthodontic appliances. Only non-invasive caries management options were undertaken, as due to
COVID-19 pandemic, the patient did not show up for micro-invasive or restorative treatment until
2022—see Figure 2. For a Lesion assessment, see Table 1.

Table 1. Stages of carious lesions radiographically for case 1 at baseline 11/2019 (pre-pandemic); in
02/2022 (before SF application and restorative treatment); and 1.5 years later in 06/2023 as follow-
up after the SF application in both upper and lower permanent teeth for this highly caries active
adolescent patient, documented by caries progression in the first years (from 2019 to 2022) and
stability from after SF application and restorative treatment (from 2022 to 2023).

Tooth 17 16 15 14 24 25 26 27

Surface M D M D M D M M D M D M D M

Figure 1—11/2019 ? 0 E1 E2 E2 E2 D1 0 D1 E2 D1 D2 0 0

Figure 2—02/2022 ? D1 D1 D1 E2 D1 - - D2 D1 D1 D3 E2 ?

Figure 6—07/2023 ? D1 D1 D1 E2 D1 F 0 F F D1 F E2 0

Tooth 47 46 45 44 34 35 36 37

Surface M D M D M D D M D M D M

Figure 1—11/2019 0 0 E1 E1 0 0 E2 E1 E2 0 0 ?

Figure 2—02/2022 0 0 E1 E2 0 0 E2 E1 E2 E1 E1 ?

Figure 6—07/2023 0 0 E1 E2 0 0 E2 E1 E2 E1 ? 0

(?) = cannot be assessed, (-) = not included in the X-ray, (F) = filling.
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(a) (b)

Figure 2. Case 1—After more than 2 years, the bitewings on the right (a) and left side (b) in 02/2022
show caries progression with a solely non-invasive caries management approach, like instructions
to floss and apply fluoride varnish, before the COVID-19 pandemic. The patient is now 15 years
old, and the bitewings depict the status before the decision to apply SF on the initial/non-cavitated
lesions alongside the restorative treatment (composite restorations in moderate lesions, and for the
deep lesion in tooth 26, selective caries removal with the application of biodentine (Septodont) prior
to the restoration); see Figure 3; for a lesion assessment, see Table 1.

(a) (b)

Figure 3. Clinical photos after placement of orthodontic separators proximally but prior to SF
application (04/2022, patient’s age: 15 years) in the upper (a) and lower jaw (b). Tooth 26 was already
treated restoratively occluso-mesially with selective caries removal and indirect pulp capping with
biodentine. The black staining in 26 occurred due to SF application on the distal lesion of 25 after
tooth preparation and biodentine application but before composite filling in 26, as the D1 lesion in 25
was distally clinically non-cavitated (similar to 24).

3. Tooth separation with orthodontic rubbers: This revealed the absence of cavitation
(Figure 3a,b).

These methods were used together as it was found that a combination of all three
methods could improve the number of carious lesions detected [17].

In total, 15 initial (non-cavitated) lesions were detected radiographically (02/2022): 9
enamel lesions (E1, E2) and 6 (D1) dentine lesions (Figure 2). Moreover, the high plaque
and gingival bleeding index of the patient indicated that the proximal lesions were very
likely active [16,18].

Therapeutic intervention

1. Prophylaxis program
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Within the preventive concept in the department, during the same visit, a non-
operative approach was taken to control the initial caries lesions. This approach included
providing the patient with oral hygiene instructions, diet counselling, dental floss instruc-
tions and fluoride varnish every three months to arrest the progression of the lesions, as
she was considered to be a high-caries-risk patient.

A disclosing solution was used to show the dental plaque for both the child and their
parents. Then, the child was asked to brush their teeth alone with the use of a normal
toothbrush with a fluoridated toothpaste to see if this child was brushing his teeth correctly.
After that, the child had their teeth cleaned by the dentist using an electric toothbrush
attached to a low-speed handpiece. Unfortunately, this was not sufficient, as indicated
by the following clinical and radiographical examinations. Likely due to the COVID-19
pandemic and its restrictions, the patient neither followed the recommendations of regular
follow-up nor of micro-invasive and/or restorative approaches, for instance, for the teeth
14, 24 and 26.

2. Indicated use of SF

After a long time span of 27 months from the first bitewings (11/2019), new bitewing
X-rays were taken (02/2022), which revealed, in line with the clinical findings, a clear pro-
gression of the existing proximal lesions and development of new lesions. This highlights
the caries activity of the patient (Figure 2). The stage and location of the proximal lesions
are listed in detail (Table 1). Micro-invasive treatment options such as resin infiltration were
recommended for management of the non-cavitated lesions (E1, E2, D1) and restoration of
the moderate to deep lesions. In contrast to the first visit, the use of silver fluoride products
had tremendously increased in the department due to the COVID-19 pandemic. Therefore,
this time, the novel “experimental” application method with SF presented in this article
was also offered. The patient and parents were provided with a detailed explanation of the
treatment options, including their advantages, disadvantages, time and cost. Following the
discussion, it was agreed to apply SF (riva star, SDI) to all proximal areas with initial proxi-
mal lesions. Composite restorations were planned for moderate lesions, and for the deep
lesion in tooth 26, selective caries removal with the application of biodentine (Septodont)
prior the restoration was performed, and silver fluoride was applied directly on the distal
surface of 25 in case no cavitation was present during the restorative session for tooth 26.

Treatment steps of for managing active initial/likely non-cavitated proximal caries

lesions

(1) Placement of orthodontic separators

Separators were placed in all approximal areas with initial proximal caries lesions
for two hours to facilitate direct clinical inspection and direct application of SF using a
micro-brush (Figure 3). After removing the separators, a short time span of approximately
5–10 s was used for direct clinical examination. Then, SF was applied quickly with a
small micro-brush was used in the proximal areas (Figure 4). It is important to note that
the proximal contact area was not always fully open to allow complete insertion of the
micro-brush in all surfaces over the entire application time. Still, the prior tooth separation
improved accessibility for an initial short clinical examination and facilitated the flow of
the SF to the lesion. In case of a clear sign of a manifest cavitation, restoration would have
been planned.
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(a) (b)

Figure 4. Clinical photos in 04/2022 directly after application of SF (riva star, SDI) in upper (a) and
lower jaw (b); same day as application of separators for 2 h; patient’s age: 15 years. Partial irritation
and black staining of the gums can be seen interproximally, which usually disappears within a few
days and does not cause long-term effects as the follow-up photos (see Figure 5) demonstrate.

(a) (b)

Figure 5. One-year follow-up after SF in 06/2023; patient’s age: 17 years. Clinical photos after staining
the plaque and self-brushing of the patient. Composite restorations on 24 and 26 unfortunately still
show the discolorations due to SF application on neighboring teeth during the same treatment session
(a). The staining of the other initial proximal lesions is not or is barely visible and does not cause
aesthetic concerns (b). Possibly a re-application of SF to the proximal lesions should be considered.

(2) SF application (Riva Star®, SDI)

� Petroleum gel was used to protect and avoid/reduce staining of lips and
surrounding extra-oral soft tissue [19].

� Other tooth surfaces were isolated using cotton rolls and a saliva ejector to
minimize unwanted staining or irritation of soft tissue or other surfaces.

� Using air, the area was dried before application of the material.
� SF was applied using a micro-brush for about 30 s to one minute per proximal

area [20].
� A light curing of 10 s for each proximal space was used to accelerate activation

of SF and to allow SF to penetrate deeper into the lesion [21].
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� Fluoride varnish (Duraphat, 22.600 ppm) was applied on top of the area to
keep the SF in contact with the caries lesion or high-risk surface for as long as
possible to prevent saliva from diluting the SF, and most importantly to mask
the ammonia taste from the SF product [22,23].

Follow-up for re-evaluation of the single-time SF application

The patient was followed up clinically every 4 to 6 months using the standard pro-
phylaxis program (Figure 5). After 16 months from the last bitewing, another bitewing
was planned to assess the progression of the existing lesions and the development of new
lesions. The radiographs revealed that there was no evidence of development of new
caries lesions. All enamel lesions were stable and did not show signs of caries progression.
Among the D1 lesions, one out of six lesions showed signs of cavitation clinically, and
required restoration. None of the other dentin lesions displayed radiographic evidence of
caries progression (Figure 6 and Table 2).

(a) (b)

Figure 6. Bitewings on the right (a) and left side (b) 16 months after SF application show the stages
of proximal lesions as well as the integrity of the restorative procedures (06/2023, age: 17 years old)
indicating a clear reduction in caries activity and stability of the lesions. For a lesions assessment,
see Table 1.

Table 2. Case 2: Stages of the carious lesions radiographically at baseline in 2019 in the upper jaw
and lower jaw, just before SF application in 2022 and 1 year later in 2023 in both upper and lower
permanent teeth for this highly caries active adolescent patient documented by the caries progression
from 2019 to 2022.

Tooth 17 16 15 14 24 25 26 27

Surface M D M D M D M M D M D M D M

Figure 7—02/2019 0 0 E1 0 0 0 0 0 0 0 E1 D1 0 0

Figure 8—03/2022 E1 D1 E1 E2 D1 E2 0 0 D2 D1 D1 D2 E1 E1

Figure 10—03/2023 E1 D1 E1 E2 D1 E2 0 0 D2 D1 D3 D2 E1 0

Tooth 47 46 45 44 34 35 36 37

Surface M D M D M D D M D M D M

Figure 7—02/2019 0 0 0 0 0 0 0 0 0 0 E1 0

Figure 8—03/2022 E1 D1 E1 E1 E2 E1 E1 E2 E1 E1 D2 E1

Figure 10—03/2023 E1 D1 E1 E1 E2 E1 E1 E2 E1 E1 F E1

(?)= cannot be assessed, (-) = not included on the X-ray, (F) = filling.

Case 2

Patient information

A 13-year-old male patient had been attending the clinic for dental check-ups for ap-
proximately seven years. The patient had a medical history of neurodermatitis. His dental
history indicated a poor oral hygiene, an uncontrolled diet, and high caries experience in
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primary molars, most of which were treated in the department to which he was initially
referred due to his low cooperative behavior with the family dentist.

Clinical findings

The patient’s average proximal plaque index was ~60%, and the gingival bleeding
index was ~30%. Despite receiving instructions to improve his oral hygiene and diet,
including the recommendation to use fluoride gel (12,600 ppm) once a week at home and
dental floss (although it was likely not consistently used), the presence of smooth surface
initial caries and a high-caries-risk for the patient remained evident.

Diagnostic assessments

Diagnosis was made using the same diagnostic tools as in the first patient. Bitewing
reading showed multiple initial caries lesions on posterior teeth but no clearly cavitated
proximal lesion (Figure 7 and Table 2). In total, 21 initial proximal lesions were detected:
16 enamel lesions (E1, E2) and 5 dentine lesions (D1). The lesions were more likely to be
active according to the high plaque and gingival bleeding index.

(a) (b)

Figure 7. Case 2—Baseline: bitewings in 2019 show the proximal non-cavitated lesions on the right
(a) and the left side (b) at the age of 13. Only non-invasive caries management options including
regular recall and fluoride varnish application were undertaken at this point. For a lesion assessment,
see Table 2.

Therapeutic intervention

1. Prophylaxis program

The patient was given instructions on oral hygiene and the use of dental floss regularly,
in addition to the prophylaxis program at the dental department, which was the same as
for the first patient. The patient was scheduled for application of fluoride varnish every
3–4 months. In contrast to case report one, this patient attended all of his appointments
regularly, except for only one missed appointment during the COVID-19 pandemic lock-
down. Despite regular appointments and instructions, the patient’s oral hygiene had barely
improved and the sugary drinks were still consumed on a regular basis.

Indicated use of SF and treatment steps

After approximately three years from the first bitewings, new bitewings were taken,
which revealed the presence of new caries lesions and progression of the previous proximal
lesions, showing that the high caries risk recall program was not sufficient (Figure 8).
The stages and locations of the initial proximal lesions are listed in detail (Table 2). After
discussing the various alternatives with the parents and the child, taking into account the
cost, time and feasibility, it was decided to use SF for all initial lesions and composite fillings
for moderate lesions with cavitation (which are paid for by health insurance within the
German reimbursement system until the age of 15). For D1 lesions, as they were clinically
not detectable at all, it was agreed to place separators for a better assessment of surface
integrity (Figure 9a,b). The patient was to be followed up regularly, and if cavitation was

105



Medicina 2023, 59, 1892

present, fillings would be performed. Separators and SDF were applied to a total of 19
initial lesions using the same procedure as in the first patient (Figure 9a,b), and the patient
was scheduled for follow-up about every 3 months with fluoride varnish application. The
clinical photos show, in addition to what was depicted in case one, that sometimes not all
separators remained in their spot even after only two hours (Figure 9a,b). Unfortunately,
the more separators are applied in one quadrant, the less space is gained proximally and
the less time there is to investigate the proximal surfaces and apply the SF. Furthermore,
this illustrates the black staining on the healthy enamel after SF application and light curing.
This staining will disappear with brushing at home or can also be brushed away with a
polishing paste in the office (Figure 9c,d).

(a) (b)

Figure 8. Case 2—Bitewings on the right (a) and left side (b) after slightly more than three years in
2022 show the progression and development of new proximal caries lesions. At this stage, at the
age of almost 16, the decision was taken to apply SF proximally; 36 was treated with a composite
restoration due to a clinically assessed cavitation. For a lesion assessment, see Table 2.

Figure 9. Clinical photos in 2022 (patient’s age is almost 16) after applying the orthodontic separators
proximally in the upper (a) and lower jaw (b) and immediately after SF application and light curing
(c,d). The black staining on the healthy enamel will disappear with brushing at home or can also be
brushed away with a polishing paste in the office.
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Follow-up for re-evaluation of SF

In March 2023, one year after the last bitewing, new bitewing radiographs were taken
to assess the progression of the existing lesions, with a specific focus on the D1 lesions. The
radiographs revealed that there was no evidence for development of new caries lesions.
All enamel lesions were stable and did not show signs of caries progression. Among D1
lesions, only one out of five lesions showed caries progression regarding the classification
system (Table 2), but some other dentine lesions progressed slightly within their category
(e.g., D1 or D2) and restorative measures were planned (Figure 10). Interestingly, caries
progression was only observed in the second quadrant, so despite the tooth separation,
micro-cavitation possibly remained undetected due to the short examination time or due to
the fact that SF could not be sufficiently applied to these lesions.

(a) (b)

Figure 10. Case 2—Bitewings (03/2023) on the right (a) and left side (b) at the 1-year follow-up after
SF application. The patient’s age is almost 17. The radiographic situation shows both the progression
(only in second quadrant (b)) and stagnation of (both enamel and D1) proximal lesions after single
application of SF within regular recall visits.

3. Discussion

The main focus in managing initial caries lesions should be on non-operative treatment,
aiming to avoid or delay restorative measures by enhancing remineralization to arrest lesion
progression, or at best, reverse it. Though it is well evident that approximal initial caries
can be treated non-operatively, as lesions confined to the EDJ are most likely non-cavitated
(only 8–19% are cavitated), most dentists tend to intervene surgically in such lesions in
permanent teeth. This could be concerning, as dental restorations have a limited lifespan;
thus, initiating a restorative cycle will eventually compromise the integrity and survival of
the tooth [24–26].

To best implement minimal intervention measures, early diagnosis is the primary
objective [27]. Conventional bitewings remain the gold standard to diagnose and detect
approximal lesions, though they have a low sensitivity for the detection of early lesions
extending only to the outer enamel, this ranges from 51 to 64% for enamel lesions and is
67% for caries reaching the enamel–dentin junction (EDJ) [28,29]. This means that 33% of
lesions confined to the EDJ may go undiagnosed. The sensitivity is probably even lower in
real-world settings, where the quality of the radiographs is not always optimal. To enhance
the standardization of lesion monitoring and ensure consistent radiation direction, the uti-
lization of individualized bitewing holders would be a valuable additional tool. Therefore,
it is advisable to use bitewings in conjunction with other diagnostic tools (as, e.g., tooth
separation for direct clinical examination, NIR or FOTI) for a comprehensive assessment.

Nonetheless, in the context of monitoring lesions, bitewing radiography offers a
suitable sensitivity and specificity for early detection without a significantly increased risk
of false positives. Moreover, bitewings become increasingly sensitive as lesions progress,
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which enhances their effectiveness in assessing progressed lesions compared to their initial
baseline assessment. Still, irrespective of the treatment performed, dentists should be
cautious in diagnosing non-progression from enamel to EDJ lesions, as a certain risk of
underestimation remains due to the described diagnostic limitations.

In Germany, this is typically recommended to be performed at intervals determined
by the patient’s caries risk. Bitewings in high-risk children should be considered about
every 12–24 months [30].

SF has been proven to be highly effective in preventing caries development and
arresting ~80% of dentine carious lesions in high-caries risk patients [31,32]. Moreover,
unlike other micro-invasive techniques, which create a mechanical barrier against the
biofilm [33], SF works in a biological way, as the distinctive anti-microbial activity and high
fluoride content not only arrest caries, but also promote remineralization [21]. This has
been demonstrated in retrospective and in vitro studies [34].

This case series demonstrated that SF was highly effective in preventing the progres-
sion of enamel carious lesions (E1 and E2), as no evidence of progression was observed
even in highly caries active adolescents. However, SF was less effective in dentin lesions
(D1), with still only two out of eleven lesions showing progression and requiring restorative
treatment. The reduced efficacy of SF in D1 lesions may be attributed to a higher bacterial
load and deeper bacterial penetration into the dentin. These micro-cavitations are difficult
to clean, can protect the biofilm and consequently facilitate the progression of caries [30,35].
This could be due to an incorrect clinical baseline assessment (cavitation not seen), insuf-
ficient use of the micro-brush to apply the SF or persisting caries activity in the patient
due to, e.g., irregular home use of dental floss, insufficient fluoride uses and/or a high
frequency of sugar intake.

In line with the existing literature, these cases show that non-invasive approaches,
including fluoridated toothpaste, flossing and fluoride products, proved insufficient to
arrest caries progression or to prevent its development in high-caries-risk patients. Al-
though dental flossing is a suitable method for mechanical plaque removal from proximal
surfaces [36,37], it is not widely practiced among the general population [9]. Therefore, the
effectiveness of this approach relies largely on patient compliance, which may lead to an
insufficient level of lesion management [38–40].

Micro-invasive approaches, such as proximal sealants and resin infiltration, demon-
strate a high amount of evidence in reducing the risk of caries progression. However, they
are time-consuming and more expensive. For instance, the time required to place proximal
sealants or infiltrants is roughly comparable to the time required for a two-surface com-
posite filling. Moreover, these treatment options are technique-sensitive for both patients
and operators [41–43]. This complexity is further compounded when multiple surfaces
are involved.

SF application was demonstrated to be easy, simple, quick and time-efficient in the
sense that it allows for the management of multiple surfaces at a time. Despite involving
a two-visit dental procedure, the procedural time on the dental chair is relatively short,
especially when compared to treatment alternatives (e.g., caries infiltration) for a high num-
ber of lesions. Additionally, the use of SF-soaked superfloss could always be considered to
eliminate the need for an additional appointment for separator placement when not feasible,
but this comes with the drawback of lacking direct clinical assessment. Furthermore, SF is
highly cost-efficient, accessible and equitable for all socio-economic groups, making it a
valuable option not only in Europe but also worldwide.

Caries arrest using SF is considered a safe treatment, and it rarely causes any local
symptoms such as pain or gum swelling [44]. The only apparent drawback of SF is the dark
staining of the lesions, and acceptance of the staining varies with different cultures and the
affected teeth or surface. However, in general, the acceptance of the staining in posterior
teeth is far better than in anterior teeth [45]. More importantly, as demonstrated in this case
series, black staining of the (arrested) proximal lesions caused by SF was hardly visible due
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to the tight contact surfaces of permanent teeth (Figures 4 and 5), but staining of composite
fillings may occur when applied in the same session before the restoration itself.

We want to highlight that this approach is highly innovative and has not been reported
in the literature. It has demonstrated high effectiveness for managing initial enamel
proximal lesions. However, for dentine lesions, it may be advisable to consider multiple
applications, possibly in the 3- or 6-month follow-up visits.

We strongly emphasize the importance of conducting different types of clinical re-
search in this area to establish evidence for the effectiveness of SF application in managing
initial proximal carious lesions using various techniques, preferably RCTs comparing the
efficacy of SF with, e.g., other fluoride varnishes, caries infiltration or self-assembling
peptides, should be taken into consideration.

4. Conclusions

The application of 38% silver fluoride after tooth separation with orthodontic rubbers
is a cheap, easy and quick method to directly diagnose caries and arrest multiple proximal
active non-cavitated enamel lesions at a time in permanent teeth, while dark staining of
these lesions is not or is barely visible in clinical follow-up examinations. For proximal
dentin lesions without obvious cavitation, a re-application of SF may be useful, or other
micro-invasive or traditional approaches may be necessary.

5. Patients’ Perspective

Case 1

This patient was very surprised and disappointed that we found so many proximal
lesions after the COVID-19 pandemic, as she did not have symptoms and was not expecting
this at all in the control visit in February 2022. After experiencing local anesthesia and
receiving fillings following this diagnostic visit, she and her mother were very satisfied
that we could reduce the number of invasive treatments, and consequently the number of
necessary dental visits, via application of SF.

Case 2

This patient did not care so much about the fact that he had caries and whether this
meant that he might receive fillings or not, but rather cared about making multiple visits
for their treatment. He and his mother were, therefore, highly satisfied with the technique,
as we mainly could reduce the number of necessary dental visits. As they have quite a long
drive to reach the clinic, irrespective of the duration of the dental visit, at least half a day is
spent on attending treatment sessions. Despite the fact that some dentin lesions progressed
(second quadrant), they were happy that invasive treatment was postponed.
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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;
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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,
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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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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

131



Medicina 2023, 59, 1865

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.
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