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1. Introduction

1.1 Dental Caries and Early Childhood Caries

Dental caries represents a major burden worldwide with an impact on quality of life and also
represent an economic burden. This burden can be presented by the years lived with disability
(YLDs) rate, since it is a measure to estimate the impact of disease on the quality of life, or
years lived in less than ideal health [1]. According to the Global Burden of Disease (GBD)
database, the rate of years lived with disability (YLDs) globally per 100,000 population is 14.37
for caries of deciduous teeth among the under 5 age group. For children 5-14 year-old, this rate

is 19.58 for caries of permanent teeth (Source: http://ghdx.healthdata.org/gbd-results-tool).

Based on data from the United States (US), caries is the single most common chronic disease
among children, appears 5 times more often than asthma [2]. However, dental caries is a largely
preventable disease [3], this is why public health efforts can effectively decrease the burden of
this disease.

Early childhood caries (ECC) can appear from birth to 6 years of age [4], and can progress
rapidly. Unfortunately, ECC often left untreated, leading to preventable hospitalization and
surgical treatments, thus having an impact also on the families’ life [5] [6]. Caries in the primary
dentition can result in a higher risk of caries in the permanent teeth as well [7].

The complications of this preventable disease also represent a burden for hospitals and other
healthcare departments, emergency rooms [8].

The complications caused by ECC are observable in high-income countries (HICs) [9], and also
these complications impact the overall health of children [10]. Early detection has a crucial role
in prevention: innovative methods and materials in the area of diagnosis and treatment of caries

can make the caries management processes more effective.



The treatment of caries, ECC and their consequences also have an economic impact, however,
there is limited information available to estimate the exact financial burden [11] for the cost of
illness or even for the cost of treatment.

Successful prevention programs would be necessary to prevent the caries development and
progression. To implement successful prevention programs and public health measures, it
would be crucial to have available metrics to estimate the burden and identify indicators, for
national and international assessment. Standardizing these indicators would also make
international comparison possible. Applying international guidelines and effective preventive
measures could help countries nationally develop their own successful caries prevention

programs.

1.2 Role of novel technologies

Although Geoffrey Rose pointed out in 1985 that preventive interventions addressing
individuals exclusively with high risk of disease will have limited impact on population health
[12], they have important roles. The use of innovative products against diseases can
complement individual based prevention programs.

New medical solutions, techniques and methods are crucial to keep the applied processes up-
to-date or make the available processes more effective. Patents are used to protect an innovation
and the patent-holders can enjoy the benefits of exclusivity. With patenting an invention, the
others are restricted from using the patented invention in any form, such as making, selling or
even importing it. This exclusion lasts for a certain period of time, and generally this limit is 20
years. The patent documents are stored in patent databases. Today many of these patent
databases are available for the public, with no charge. This opens the possibility to analyze

these documents, discover main patenting trends and activity in different areas.



Patenting activity may also reveal the national research and development strategies. As an
example, in case of rare diseases, if the national research and development was supported by
the government, the patenting activity increased in that field [13]. The European Parliament
and the Council of the European Union have also emphasized in a regulation (Regulation (EU)
2021/522) [14], that prevention and innovation are fundamental for successful healthcare
strategy. Innovations and patenting features in the field of dentistry are also relevant in
observing the trends of research activity and focus of interest in the main areas e.g. diagnostics
and treatment. These novel technologies may provide new solutions to existing problems and
some of these inventions can later be part of the everyday practice. Proper innovative
technology, such as the use of machine learning or Artificial Intelligence (Al) could facilitate
data collection, analysis or sharing [15]. Such modern technologies are already in use in other
fields of healthcare to provide guidance in early detection, diagnosis and treatment of diseases
[16] and the area of dentistry could also benefit of these technologies. There is a clinical need
for cost-effective tools and solutions in dentistry: the FDI also emphasizes, that saliva
diagnostics could add valuable information on oral and systemic health and recommends basic,

translational and clinical studies on saliva analysis [17].

1.3 Burden of caries: health and financial impact, vulnerable groups

To estimate the burden of dental caries, the World Health Organization (WHO) adopted the
DMFT (decayed, missing and filled teeth) score for 12-years-old children which is the only
internationally available indicator for surveillance of dental caries. However, this screening
method is not standardized and thus there is wide variety among European countries regarding

this score [18]: this type of data is not recorded in the same frequency and among the same age-



groups within the European Union (EU). Analyzing these available data, more than half of
decayed teeth remains untreated in HICs. In case of middle-income countries (MICs), this rate
is even worse: two thirds [9] of the 12-year-old population have untreated caries. Eastern and
Western European countries also differ from each other regarding their DMFT score: there is
an observable difference between these countries [11,19]. Another concern regarding national
DMEFT scores is that the applied average scores can mask inequalities, and it can especially
occur in Eastern European countries [11,18]. Furthermore, even with improving score values
over the years, there are special groups within the countries, where the burden of the disease is
higher, and the DMFT score does not reflect to these issues within countries [11,18]. On Figure
1, changes are presented in the DMFT scores over time from the EU members states, indicating
reduced disease burden in most countries. Comparing the score values across countries, Some
Eastern-, Central- European countries are still left behind, such as Slovakia, Croatia and Latvia

[19].
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Figure 1. Comparison of DMFT score for 12-year-old children in European Union member
states
Legend: Figure 1 shows changes in DMFT scores of the European Union (EU) member
states between 2000 (or nearest year available) and the latest available data. The list of countries
based on GDP (PPS) (gross domestic product in purchasing power standard) per capita (2017),
in descending order from left to right. This comparison indicates the alteration in DMFT score
for 12-year-old children in the year of 2000 (or nearest year available) and the latest updates
for each member state. DMFT values reduced between since 2000 in almost all EU member
states. The figure indicates that the higher GDP (PPS) is associated with lower DMFT values.
Source of GDP per capita in (PPS) data: EUROSTAT database
https://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=
tec00114
Source of DMFT data: CAPP database, Oral Health Country/Area Profile Project

https://capp.mau.se/dental-caries/ Accessed: July 1, 2020
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1.4 Prevention: Preventive methods, different approaches

Caries preventive methods and effective prevention programs can reduce the number of
untreated decayed teeth, the caries experience and for high-risk groups, it is especially crucial
[9]. Caries is a multifactorial disease, and it is necessary to target all possible levels, when
planning effective prevention programs. Public health measures are essential to reach the whole
population, especially given that socioeconomic factors play an important role in caries
experience [3]. Oral health promotion should also be priority, as well as collaboration on an
international and intersectoral level [20].

In early childhood, the most important factors to prevent caries are proper nutrition, the
reduction of sugar-consumption and sugary drinks, as the WHO recommends [21].
Surveillance is another point to address, as it is highlighted by the WHO [22] and several studies
came to the conclusions that detecting carious lesions in time can help improving caries-related
health-outcomes [23-25].

Focusing on special groups of the population could also help [26], as their needs could be
different and also there are correlations between the level of urbanization and sugar
consumption and ECC [27]. The locally available sugary products can play a role in the
development of dental caries [28].

Several approaches are being used to tackle sugar-related caries, such as taxing refined sugars
or education that emphasizes the dietary risk factors. Sugar taxation is an effective method to
reduce caries experience, but it is hardly applied in the EU [29].

Non-clinical prevention includes oral health education, and spreading information on the
importance of oral health and dental health. Although oral health can also have an impact on
the people’s quality of life, thus represents an important area, oral health promotion is usually

not part of the national health promotion programs. However, the World Dental Federation
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(FDI) recommends that oral health related quality of life measures are essential to assess the
needs of the population and to implement successful programs [30].

Effective prevention is also cost-effective, since preventive interventions are also cheaper
options, than treating a developed disease. This is why it is important to identify good practices

in oral health education.

1.5 Need for comparable data

Only comparable data among countries is the DMFT, but its use in studies is also criticized
[11,18]. DMFT, as per the WHO definition [31], the sum of the number of decayed teeth,
missing teeth caused by caries, and filled teeth in the permanent dentition. Dental screenings
would be an ideal place for data collection, but still data collection is not unified, thus the
acquired data is not necessarily comparable. The internationally available DMFT data also only
applies to permanent teeth, for primary teeth the dmft score is in use [32], but there is no data
available on this score for international assessment. According to a study, the dmft for primary
teeth can be a predictor [33] for future DMFT score of permanent teeth. However, the dmft was
criticized because of not being an adequate metric for the impact of ECC on healthcare,
economy or families [8].

DMEFT score is criticised for presenting only the average value of the score and it can mask
inequalities. Other caries indices available to show these differences within the population. The
Significant Caries Index (SiC) was developed to focus attention for those with the highest
DMEFT scores in the population and could provide a clearer view of the actual caries experience
and burden within the population [34]. One third of the population with the highest DMFT

scores are selected, then the mean DMFT is calculated for this selected group. This will be the
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SiC index [35]. Another index is the Significant Filled and Sound-Teeth (SFS-T) index is
calculated for one-third of the examined population, where the number of filled or sound teeth
are the lowest [36]. Studies found that SFS-T is more useful than SiC in international
comparison of dental status and SFS-T with DMFT could be useful in comparison of dental
status between countries [36,37]. These indices are available for in-depth international
comparison of dental status, however, these indices are not yet widely used and not widely
available for analyses.

The current practice on providing national DMFT score in European countries differs
significantly: DMFT data are often not from the same year, and not representing all age groups.
Some countries are screening twice a year, while in others there are yearly screenings or
screening even take place more rarely. In some countries every age groups are screened, in
others only certain age-groups.

This fact causes challenges while analyzing or comparing this type of data. Universal, national
databases with standardized indicators would also facilitate international assessment.

There are initiatives to standardize data collection, however, they are not yet part of the common
practice (see EGOHID project - European Global Oral Health Indicators Development) [38].
Tools are available for caries risk assessment (CRA), such as Caries-risk Assessment Tool
(CAT)[39] by the American Academy of Pediatric Dentistry (AAPD), they developed a
protocol for children [40]. Other similar methods, e.g. Cariogram [41], Caries Management by
Risk Assessment (CAMBRA) [42] are also available to support the decision making process
for dentists, but CRA models are not widely or routinely used among member states. Although
CRA models might collect local data in their own system, their application is very limited in
case of national or international assessment.

However, the Council of European Dentists (CED) emphasized the need for more accessible

data and information should be available for the dentists (e.g. medical history or social history)

13



both within the healthcare setting and also cross-borders, to facilitate data exchange and provide

a platform to better understand diseases and risk factors [43].
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2. Literature review and aims

There is an extensive literature on the causal relationship between the main risk factors for
dental caries and its subgroup, early childhood caries, and treatment options and preventive
approaches, which will be outlined in the followings. National and international professional
organizations also developed recommendations, summarizing the highest level of knowledge
and encouraging its translation into practice.

The relation of oral health status and caries experience are usually extensively analysed, but the
complexity of the disease should be examined as well. Such studies should incorporate
socioeconomic and environmental factors, since complex causal relations might present and the
disease itself represents a significant burden and the children’s quality of life can be negatively

impacted by severe caries lesions [44,45].

2.1 Caries and its risk factors

Caries classification helps differentiate between the stages of caries and can provide guidance
in caries management process and treatment path. International Caries Classification and
Management System (ICCMS™) [46] was developed by FDI, US National Institute for Dental
and Craniofacial Research (NIDCR) and Alliance for a Cavity-Free Future (ACFF) and can be
used to define the stages of caries lesions, assess caries activity and help with the caries risk
classification and caries management processes. The stages defined as ‘sound surfaces’, when
there is no visible sign of caries, ‘initial stage caries’, when a visual change in the enamel occurs
on wet tooth surface or after drying the surface, but it is a non-cavitated, white demineralization

area. ‘Moderate stage caries’ means that there is a visible enamel breakdown with dark shadow
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and ‘extensive stage caries’, when the dentin becomes visible [47]. The ICCMS™ gystem is
based on the International Caries Detection and Assessment System (ICDAS), which was
created in 2002 [47]. Both systems are used for staging caries lesions, and the caries stages
provided by the ICDAS system can define ICCMS™ classification. The ICDAS II system
provides the following codes and criteria for its caries stages: 0 — sound tooth surface, 1- first
visual change, white or brown discoloration after drying the tooth surface, 2- visual change
detectable even when the enamel is wet, 3- localized enamel breakdown visible (wet or dry), 4-
dentine involvement visible as a dark shadow, 5- distinct cavity visible, dentine exposed, 6-
extensive cavity with visible dentine [48,49]. The two system can be connected and the stages
defined as ICCMS™ Sound surface — ICDAS code 0, ICCMS™ TInitial stage — ICDAS code 1
and 2, ICCMS™ Moderate stage caries — ICDAS code 3 and 4, ICCMS™ Extensive stage
caries — ICDAS code 5 and 6 [47]. The American Dental Association also developed a Caries
Classification System [50] and defines the following stages: ‘sound surface’ with no visible
caries, ‘initial caries lesion’, when there is a detectable mineral loss, limited to the enamel and
on smooth surfaces, they are called ‘white spot lesions’. In this stage, the lesion is non-cavitated
and with proper remineralization, it is reversible. ‘Moderate caries lesion’ is the next stage,
where microcavitation on the enamel can be visible and can involve the dentin with grey
discoloration. ‘Advanced caries lesion’ means that there is a visible cavitation and exposed
dentin.

Caries is a multifactorial disease [42]. According to the ICCMS™ gystem, the risk factor
contributing to caries development can be classified as individual (patient) level and intraoral
level. On the patient level, the risk factors include the general health condition, sugar
consumption, fluoride exposure, socio-economic status, oral health behaviour and in case of
children, the caregiver’s caries experience, which can predict their children’s future caries

experience. On the intraoral level, caries risk factors include the previous caries development,
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dental plaque and saliva [47]. Among these risk factors, diet, especially the amount of sugar
intake plays an important role in the development of caries. Examining 12-14 year-olds, a study
found that older age was also associated with higher caries experience [51]. Another cross-
sectional study found the same as conclusion: examining children between 12 and 15 year-old,
even though the overall oral hygiene improved, the caries prevalence increased [52]. Tooth-
brushing frequency and efficiency, or the type of clinic (public or private) can also have an
effect on the caries experience [52].

Toothbrushing frequency and socioeconomic status (SES) are among the caries risk factors as
well [53]. The greater frequency or the higher the SES, the lower the caries risk.

Dental crowding also poses as a risk factor, since it facilitates the development of dental plaque
[54]. This evidence should be further studied, but other researches got to the same consequences

in anterior teeth [55], and children with malocclusion have a higher caries experience [56].

ECC can appear in primary teeth in the ‘under 6’ age-group [4]. Among the available
classification systems [57], for diagnosis and reporting purposes a classification system was
developed by Drury et al in 1999 [4]. The American Academy of Pediatric Dentistry (AAPD)
[58] defines two groups for this type of caries: the ECC and severe early childhood caries S-
ECC. The ECC includes the presence of one or more decayed (noncavitated or cavitated
lesions), missing teeth because of caries or any tooth surface filled on primary tooth for children
under 6 years of age. The S-ECC is a definition for caries experience in children under 3 years
old on smooth tooth surface and children between 3-5 years old, who have at least one cavitated,
missing or filled smooth tooth surface in anterior primary teeth or children, whose decayed,
missing and filled score equals or greater than 4 (for 3 year-olds) 5 (for 4-year olds) and 6 (for
children age of 5). Such as any caries, ECC is also a multifactorial disease [23,59]. These risk

factors include, but not limited to [60—63] microbiological risk factors [57], which impact the
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caries experience and diet (e.g. sugar consumption) has a major role in developing caries.
Frequent sugary food consumption associated with higher caries experience [64] [27] and sugar
sweetened beverages also contribute to more severe ECC in children [65]. Regarding infants,
the infant feeding methods and trends can also correlate with ECC experience [66]. Regarding
ECC risk, we can find that environmental risk factors and socioeconomical risk factors [67]
[27] also strongly correlate with higher ECC experience. Socioeconomic status can be a strong
indicator for dental caries [23,68] and the mother’s level of education or low family income
also correlate with the experience of ECC [23,69].

These main ECC risk factors, such as low SES, maternal level of education are emphasized by
the literature [23]. Low toothbrushing frequency, poor oral hygiene and the presence of dental
plaque [70] can further increase the risk of ECC [71]. As protective factors, good oral hygiene
and fluoride can be mentioned, since regular toothbrushing with fluoride toothpaste can

decrease the risk of caries [58].

2.2 Risk assessment

Caries risk assessment (CRA) would be important to identify the caries risk for children, which
can be considered low, moderate or high. The risk should be assessed regularly, since it can
change over time. CRA helps identifying children most at risk of caries and with targeted
preventive efforts and proper planning, early cost-effective treatments can be effective and can
prevent serious complications of caries [72]. Aside from identifying risk group, CRA provides
decision support for the dentist or dental professionals to plan the necessary care pathway for
the patient. Children in high risk groups might have different needs from children in low risk

group. According to the IAPD [73] and AAPD [40], the risk indicators for high caries risk: the
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child has cavitated or non-cavitated caries, visible plaque on the teeth, missing teeth due to
caries, frequent sugar consumption, low SES, mother or caregiver has active caries. The
recommended care path for children in the high caries risk group: recalls should be scheduled
in every 3 months, radiograph interval 6 months, application of topical fluoride varnish in every
3 months. Diet counseling, sealants and proper restoration of lesions are also recommended.

Although the available CRA tools might have their limitations and need further evidence to
determine successful assessment methods, they would be a useful tool and should be further
improved to identify crucial indicators and validate the best method [74]. The FDI also
recommended, that the caries management system should be improved and include CRA
models for risk assessment [75]. To make the most beneficial decisions on the dental care of
children, caries risk should be assessed and carried out regularly, as the risk-assignment might
change in even 1-2 years [76]. Protocols are necessary for decision support and should be easily

applied into clinical dental practice [42].

2.3 Treatment options and prevention

Regarding the treatment options of dental caries, the minimally invasive dentistry plays an
important role. The FDI also supports the minimal intervention approach over the restorative
treatments in a Policy Statement [77], as the initial carious lesion is not cavitated. In this initial
stage, there is a detectable visual difference at the lesion site of the enamel compared to the
non-carious enamel, and remineralization (e.g. topical fluoride) of the affected area and follow-
up can prevent the caries progression and cavitated carious lesions. Furthermore, patient
education, follow-up and monitoring, topical fluoride and plaque-control should be part of this

preventive approach [77].
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Aside from fluoride, there are other caries preventive methods and minimal invasive techniques
available. Self-assembling peptides can be applied to the caries lesion in the initial stage of
caries. These peptides then diffuse to the lesion and attracts calcium phosphate, usually from
the saliva and helps the regeneration of both the enamel and dentin. Another method is the
casein phosphopeptide amorphous calcium phosphate (CPP-ACP), which is also used in the
initial stage of caries and facilitates the remineralization process by providing calcium
phosphate, while binding onto the tooth surfaces [78]. In case of initial caries, the nano-
hydroxyapatite products [79] and ozone therapy also play important role, and they especially
efficient when combined, according to a study [80]. Chlorhexidine varnish for children is
proved to reduce the Streptococcus Mutans levels - which is a predominant species responsible
for dental caries — and could be a potent method in caries prevention [81].

Diet and sugar intake also has an impact on the disease progression and prevention [82].
Preventive methods are quite crucial, such as the patients’ active participation in this process,
caries experience in primary dentition, and follow-up for regular check-up and observation of
patients’ oral status. This preventive approach also includes the application of pit or fissure
sealants, identifying bad habits (e.g. digit sucking), providing simple orthodontic appliances,
extractions in the mixed dentition or topical fluoride application [82]. Oral health education and
prevention programs can help achieve a better quality of life regarding oral health [83].
However, during the diagnosis and preventative treatment process, some concerns do emerge.
Problems persist regarding the successful early diagnosis of dental caries. This also applies to
the caries risk assessment and the patients’ or parents’ cooperation in the caries preventive and
oral hygiene processes. These minimally invasive dental treatments might need special
equipment and diagnostic tools, which can cause an increase in the costs on the dental practices’
side. Furthermore, some of the procedures still need additional evidence for their cost-

effectiveness [82] [84]. Regarding caries prevention, the most important strategies
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recommended by the FDI are promoting the use of fluoride toothpaste, maintaining good oral
hygiene, visiting the dentist for regular dental check-ups, limitation of sugary food and drink
consumption, maintaining a proper diet, providing oral health education for the individuals and
communities, and on the clinical side: topical fluoride varnish, pit and fissure sealants, dental
hygiene treatments for plaque removal are recommended and early detection of caries is
important and if necessary, minimal-invasive dental treatments should be favoured [3].
Interprofessional collaboration would be crucial, since children at an early age attend at
pediatricians’ offices regularly. Paediatricians and nurses could have an important part in the
prevention and detection of ECC by educating parents, caregivers or those responsible for the
child about good oral hygiene, correct biofilm removal technique, proper diet and nutritional
health of the infant [10][85], and the use of fluoride toothpaste as a part of oral hygiene in
children [64]. It would be important for physicians or nurses to recognize the presence of
carious lesions and refer patients to the pediatric dentist if necessary [10][64].

Furthermore, public health surveillance helps to identify the risk factors and aids to implement
effective preventive programs.

Minimal invasive dentistry and preventive approaches are crucial, according to the FDI. The
reduction of sugar intake, regular efficient tooth cleaning and the regular use of fluoridated
toothpaste are identified as the key methods for the reduction of caries burden [86].

The role of oral microbiome although evidence-backed, is not commonly used in the clinical
dental practice [87]. However, saliva tests at an early age might help predicting the caries risk
for ECC [88] and children with or without caries lesions show differences in their oral
microbiome [89]. These differences are most determining in the first 12 months of the infant’s
life, since altered colonization can affect the long-term dental and also systemic health [90].
The oral microbiome is changing throughout childhood as both pathogen and protective

microorganism might be presented and the pathogen colonization should be prevented by
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proper education of family members [91]. As a summary, ECC prevention should be based on
the following key areas, according to the IAPD: healthcare professional should be aware of
ECC, sugar consumption for children should be limited, regular toothbrushing with fluoridated

toothpaste is necessary and preventive care for children should start before the age of 1 [92].

Based on the literature findings, research gaps and unmet needs regarding available clinical
tools, causal relations of socioeconomic factor and sugar consumption with ECC and poor
quality of available data on caries experience were identified and we set the project goals for

analysis.

2.4 EU and professional organizations

Prevention has a major role in caries management, as dental caries is a preventable disease.
This is emphasized in the FDI policy statement since 1998 (revised in 2016), where
governments are encouraged to promote oral health education and widening the understanding
of oral diseases among the population, e.g. through national health policies [93].

Although the organization of the healthcare system, the dental caries prevention programs and
health promotion strategies are mostly determined and regulated on a state level in the European
Union, the EU has an important role regarding prevention of chronic diseases, as presented in
the CED White paper [94]. The EU can help improving the platform for effective co-operation
between European countries by developing databases and facilitating the prevention of chronic
diseases [95].

There are observable differences between the countries dental care management systems for
children, but a main common point is the provided free-of-charge dental treatments for children

[11]. Among the differences, the economy should be emphasized. The economic crisis of 2008
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did not hit European countries equally, Western European countries, with their stronger
economies remained providing more funds for public healthcare services, preventive care and
interventions [96]: Good practices among European countries are also identified and described
[11], but their incorporation into preventive strategies and clinical implementation into dental
preventive services are very diverse within the EU.

Indicators and guidance for preventive efforts also available internationally, such as detailed in
the EGOHID project, or in the Scottish Intercollegiate Guideline Network’s relevant guidelines
for childhood caries management (SIGN-138). [72,97]

Inequality appears not only between countries, but within countries. The FDI provided Policy
Statement for governments to support the accessibility of oral health services for the vulnerable
population and increase funding for research related to oral health of the underserved population
with novel methods and technologies (e.g. telehealth solutions) [98].

WHO has also set its goal regarding childhood caries: by 2020, 80% of 5-6 year-old children
should have been caries-free. This goal has not been met in time by most of the EU states.
Additionally, Eastern European countries are even farther from this goal [99].

The WHO emphasizes the role of surveillance regarding these chronic diseases [22] and that
the right dietary habits can reduce caries risk, and especially the sugar intake plays an important
role [100]. This should be applied in early childhood as well. The most important factors to
prevent caries are proper diet and nutrition, the reduction of sugar-consumption and sugary
drinks, as the WHO recommends [101] [21]. The FDI released a policy statement and
emphasized that national dental organizations should develop dietary guidelines to help curbing
the sugar intake, including in childcare facilities and schools [102]. The International
Association of Paediatric Dentistry (IAPD) recommends to reduce sugar consumption for

children aged between 4 and 8, and sugar should only provide the 5% of energy intake, to
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successfully reduce the risk of caries development. Dental professional should be part of this
endeavor, according to the IAPD [103].

The European Academy of Paediatric Dentistry (EAPD) also recommends the early oral health
assessment for children in their policy document. Children’s oral health should be assessed
before the age of 1, along with counselling, to prevent ECC. Regular dental visits, fluoride
toothpaste and regular toothbrushing (twice per day) are necessary and topical fluoride varnish
recommended at least twice per year for children in caries risk groups. Parents should be aware
of poor dietary habits and habits causing the early transmission of mutans Streptococci to
infants [104]. The first consultation for the parents should happen even before birth: parents
should be informed, that their habits regarding oral health will have an impact on the child’s
oral health, as the etiology of ECC is also bacterial [105].

Regarding the ECC, the education of parents or caregivers on the proper dental hygiene and
dental health is essential to reduce ECC. The FDI recommends that governments in every
country to develop systems to monitor preschool children’s dental caries experience from age
0 to 5 [106]. IAPD recommends that the caries management process for children should start
before the age of 1. In a declaration, the IAPD emphasize that primary prevention of ECC
should focus on the prevention of new disease. The secondary prevention, at an initial stage of
caries, is aiming to minimise the impact of caries. Tertiary prevention of ECC can include non-
invasive caries control treatments and restorations [92]. Interprofessional cooperation can help
children to receive the oral care they need [107]. Health practitioners, such as pediatricians or
nurses monitoring the child’s growth and health, would have an important role in ECC
prevention, as they could identify children at high risk of caries or instruct those responsible for
the child on how to perform a proper, non-cariogenic diet and educate caregivers on oral

hygiene habits [23].
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The role of risk assessment and CRA models are also emphasized by the IAPD. Risk assessment
helps targeting individual needs regarding caries prevention and caries management. This
assessment should include the previous caries experience and lesion progression of previously
detected cavitated caries or white spots, the family’s socio-economic status and the amount and
frequency of sugar consumption. The caries risk should be assessed regularly, through recall
visits, where the cooperation between the dentist and the patient is an important factor. The
patient’s risk-group can change over time and the children with low, moderate or high risk for
caries need different care paths for successful caries management or caries prevention [73].

The minimal invasive dentistry is encouraged by the IAPD: with successful prevention, surgical
interventions can be avoided. Good oral hygiene, topical fluoride application, assessment of
caries risk, early caries detection and enamel remineralization could prevent the need for

surgical interventions [108].

Gap of knowledge

As research on the prevention of dental caries in children is not at the center of the scientific
literature, this thesis contributes to understanding on research and innovation, epidemiology of
early childhood caries and preventive care of childhood caries in the member states of the EU.
Knowledge gaps were identified by EAPD in the area of caries diagnosis, risk assessment and
minimal invasive treatments. Evaluation of novel technologies would be necessary, as well as
new devices and overall more research in the primary dentition [105]. There is a demand for
implementing the knowledge into everyday practice and the as per the EAPD, the suggested
research or innovation areas could be caries preventive, minimal invasive infiltration methods,
diagnostic techniques to support decision making, quick, reliable methods to assess caries risk

or microbiological tests [105]. Caries prevention and dental health promotions would be crucial,
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and EAPD also emphasizes the need for more studies on the cost-effectiveness of prevention
compared to surgical treatments. In the caries risk assessment area, more factors
(socioeconomic risk factors, diet, age) should be considered to better predict caries risk and

thus deliver better and reduce inequalities [105].

2.5 Objectives of the PhD work

The PhD project had 3 objectives:

1) to analyze how innovative is the area of ‘childhood caries’ and to provide an insight to the
research and development process in the area of childhood caries. Through a patent analysis,
innovation trends can be identified and research interest can be estimated. We aimed to analyse

the European countries’ role in patenting and research.

2) to analyze the burden of ECC for children under 5-years old, focusing on both deeper
analysis for the recent years and the trends over longer period of time. We aimed to examine
the correlation of the ECC burden with environmental factors (such as socioeconomic factors,

income), and also with sugar consumption,

3) to analyze the EU member states’ childhood caries management practices and to map current
practice of dental caries prevention for children, involving caries experts from the EU countries
and discover the current caries management practices from both clinical and non-clinical

viewpoint.
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3. Materials and methods

Methods used in the project are presented according to the objectives.

3.1 Assessing novel technological solutions addressing caries: a patent

analysis

3.1.1 Study design

For the patent analysis, we collected patents and patent applications from the patent database.
We used Orbit Intelligence [109] for this purpose. Regarding the patent database, it was a major
criteria for the patents to be available in English for full analysis. Orbit-Questel is a leading
patent licensor, providing patents translated to English. It also enables searching in English,
this way we could use combination of search terms in their database. The keywords were
selected by using Medical Subject Headings (MeSH) database.

The applied keyword set was the following: dental caries, dental cavity, caries, decay, cavity,
cariosity, tooth decay or teeth decay. In order to narrow our search for primary teeth, to reflect
childhood dental prevention characteristics in the patent activity, the following keywords were
added to the string: primary tooth, primary teeth, deciduous tooth, deciduous teeth, milk tooth,

baby tooth, baby teeth, child tooth, child teeth or children teeth.

3.1.2 Analysis
We searched in titles, abstracts and claims of the patent documents.
The final set of patents included to the analysis was defined manually, and all applicable patents

were selected, regarding all aspects of primary teeth and their carious lesions, focusing on
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prevention, diagnosis and treatment. We included children of all age groups, where primary
teeth were applicable.
Among the selected patents, we used a classification based on the specificity of the patents:
1) Specific patents — specifically related to the treatment, diagnostic of prevention of
primary teeth caries
2) General patents —loosely related to the primary teeth caries prevention, diagnostic or

treatment

3.2 Assessing burden and risk factors of ECC: an ecological study

We aimed to gather data on the burden of ECC among EU member states. We included the
United Kingdom (UK) into the analysis, since throughout the examined years the UK was part
of the EU. To estimate the burden of caries experience in children and analyse the connection
with its risk factors, we gathered relevant data from three public databases:

1) GBD database [110]: we extracted data on the burden of disease for children under 5
years old (disease: caries of deciduous teeth) from the GBD database. Although ECC
can occur under the age of 6, it was not available in the database to select ‘under 6’ age
group. The only available data matching our criteria was for the ‘under 5’ age group,
and we needed to use this to be able to analyse the estimated disease burden of ECC.
There are multiple sources of data in this database. Regarding caries of primary teeth,
data was extracted from scientific literature and surveys [111].

We used the following measures for analysis of burden of caries of primary teeth:

incidence, prevalence, years lived with disability (YLDs), age-standardized YLDs
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2)

3)

The data is available on a yearly basis starting from 1990. The most recent data available
is from the year of 2019. This database provides disease burden estimation

internationally and it is beneficial for international comparison.

EUROSTAT [112]: Eurostat is the statistical office of the European Union, which
publishes high quality statistics and indicators at European level, allowing for
comparisons between countries and regions. European Union Statistics on Income and
Living Conditions (EU-SILC) provides informative data on social inequality and
poverty, which are shown to have an impact on caries experience in children. This type
of data is available from 2003 and annual data are provided for the given states. We
collected data on the possible socioeconomic determinant of oral health, such as income
and living conditions. These were the proportion of people at risk of poverty, Gross
Domestic Product (GDP) per capita in purchasing power standards (PPS, allowing
meaningful comparisons of GDP between EU countries, by eliminating the price level
differences), and the distribution of population by degree of urbanization.

Food and Agriculture Organization of the United Nations (FAO) [113]: The analysed
data was a food balance item, and the specific item selected for analysis, were the
"aggregated items of sugars and sweeteners’. This type of data is closely related to sugar
consumption and it is used to estimate the sugar consumption, since no international
database on sugar consumption available. The available food supply data on food
availability are usually used to estimate the sugar consumption nationally and it also
makes international comparison possible. Data available for sugar consumption
estimation from 2014 to 2017. This type of data on sugars and sweeteners include the
different types of sugar: cane, beet as well as raw and refined, centrifugal and non-

centrifugal, confectionery and also flavored versions. Among the other sweeteners,
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glucose, fructose, maltose included in this category, as well as different types of syrups,

maple sugar, lactose and molasses. Non-alcoholic beverages are included as well.

3.2.1 Study design

First, I would like to describe the estimated burden of early childhood caries in the EU member
states. The GBD 2019 data was presented between the 1990 and 2019 time period. The
examined indicator was the YLDs. The year of 2019 was described in details, and ECC
incidence, prevalence and YLDs rate was analysed for children under 5 years old to identify
trends over time. The gender was also part of this analysis, as prior studies found differences
between male and female populations and caries experience and also this can standardize
potential confounders [114].

Then, the EU countries’ ecological variables were examined along with the sugar consumption
data and YLDs (ECC burden) rate for children under 5 years old. Annual means (SD) were
calculated and presented to show the variability of the data in the examined time-frame:

- Between 2014 and 2019, annual means were defined and compared, then absolute and
relative differences were defined. During the analysis, YLDs rate was the dependent
variable. Sugar consumption (kg/capita/year), proportion of people at risk of poverty
(%), GDP per capita (in PPS) and degree of urbanization (%) were the independent
variables [114,115].

- Sugar consumption-related data was calculated for the time period from 2014 to 2017,

due to the specific data-availability.
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3.2.2 Statistical analysis
For the analysis, STATA IC version 13.0 software was used and coefficients with the
corresponding 95% confidence intervals (Cls) were applied. The statistical significance was

defined at p < 0.05.

Descriptive statistics:
We analysed the changes in both the dependent and also the independent variables during the
examined time period - between 2014 and 2019 -, the differences (both absolute and relative)

were defined by the application of two-sample t-tests.

Linear regression analyses:

We analysed the possible correlation between the chosen inequality indicators and the burden
of disease of ECC (YLDs rate). This analysis was carried out for the time period of 2014 to
2017, because the available data for sugar consumption was limited to 2014-2017 annual data.
We assessed the fit of the model to the data by Akaike’s information criterion and the Bayesian
information criterion.

Stratified data classification was also applied to match the two main geographical region in the
EU: countries in western Europe and countries in Eastern Europe. Eastern European countries
were: Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania,
Slovakia, Slovenia. Western European countries covered: Austria, Belgium, Cyprus, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Malta, Netherlands, Portugal,

Spain, Sweden, United Kingdom.
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3.3 Assessing childhood caries prevention, treatment and management: a

cross-sectional study

3.3.1 Study design

In this cross-sectional study an exploratory research was carried out. Since no appropriate data
collection or similar questionnaire were available, we developed a unique survey to collect
comparable data for international assessment. We gathered information on the management of
publicly financed dental services for children under the age of 18, and our scope was to discover
the dental practice and its regulatory policies in every countries in the EU, aiming to identify
the characteristics of childhood caries prevention. We included the United Kingdom (UK) into
the analysis, since throughout the examined years the UK was part of the EU.

According to the Donabedian model [116], information on structural, process and outcome
indicators were collected. Indicators were selected based on the international guidelines,
including the EGOHID project, or in the Scottish Intercollegiate Guideline Network’s relevant
guidelines for childhood caries management (SIGN-138) [72,97]. We also respected the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines

for presenting the results of cross-sectional studies [117].

3.3.2 Questionnaire

Since there were no such survey available on the caries management processes before among
the EU countries, we needed to develop a survey with question that can be interpreted in most
EU countries. We developed our unique questionnaire [available online at

https://evasys.unideb.hu/evasys/online.php?p=caries_policy], with the following features:

- It was anonymous

- Written in English
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- Presented online by the EvaSys survey automation suite.

- 70 closed questions, 6 open-ended questions

- Contents: 1) demographic details of the responding person, 2) management and
structure of dental health services for children, 3) oral health education available for
children under the age of 18, 4) data registry for the result of dental screening, 5)
financing details of the provided services.

- It takes 15 minutes to complete

- All answers provided by respondents are confidential

The survey was made available online by EvaSys Automation Suite V8.0 (2202), license of

Debreceni Egyetem.

There is a wide variety in healthcare systems within the EU, however, according to the EU
manual of dental practice (2015), there are certain services and treatments provided for children
through the public health service [118] in the majority of European countries including:
e For children, the EU definition was applied and were defined as under 18-years of age
[119].
e ‘Childhood caries’ was used generally, referring to caries experienced in children under
18-years of age.
e We are also referring to a special group regarding the ECC: ECC defines caries in the

primary dentition, for children who are under 71 months of age [6].

3.3.3 Participants
Selected professionals with experience and knowledge in caries prevention were invited to

complete the survey online. The data collection started in July 2017 and was finished in
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September 2018. To send the online survey to the targeted professionals, we used publicly
available email addresses to reach out to experts in this field. It was voluntary to participate in
the study.

Our focus was to gather as reliable data as possible, therefore we contacted professional dental
institutions and councils and at least one dental school in each EU country. We also sent the
received responses to the competent authorities of the EU countries for review and they were
provided with a link, as an option to fill out the survey online or share their opinion on the

results [120].

3.3.4 Data analysis

Inclusion criteria for analysis

One submitted survey per country was included in the analysis. If multiple responses were
received from a country, we included the most complete dataset, we also checked the
consistency of the dataset with the previous literature data and also the consistency within the
same dataset. The most consistent dataset was included. If we found incoherent replies within
the same dataset, those responses were excluded from the analysis, this is why the number of

responses can vary per question. We did not collect any type of personal data.

Statistical analysis

We used descriptive statistics to analyse the data collected through the survey. Microsoft Excel
2010, Microsoft Excel v16.45 software were used during the analysis.

Information gain (IG) [121] is a feature selection method and the application of this algorithm
was used to determine the importance of the collected indicators and to detect the difference
between two previously defined groups. It also applicable as a feature weighing algorithm, since

IG shows the dependence between the examined feature and its class (Zhao et al. [121]). This
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method is based on two main steps: first, the entropy defines the uncertainty [122] and then 1G
will show the reduction of this uncertainty [123]. When the information gain is high [121], it
means that the examined feature (or indicator) is considered to be relevant.

The values of IG are between 0 and 1. When this value is 0 , it means there is a full overlap
between the two examined groups, with no difference. When the value is 1, it means that the
greatest difference can be detected between the two examined groups.

We used the classification provided by WHO for the DMFT scores (this type of data is

internationally available for 12-year-olds with WHO classification: https://capp.mau.se/dental-

caries/ [19]) as follows:
- Very low: DMFT score below 1.2
- Low: DMFT score is in range of 1.2 - 2.6
- Moderate: DMFT score is in range of 2.7 - 4.4

- High: DMFT score is above 4.4

Analysis of estimated reimbursement data for preventive services

A scoring method was used to classify the data extracted from the survey’s reimbursement
details. Based the on the reimbursement value, we assigned a score to each examined service
or treatment. The score values were varied between 0 to 5, where 0 represented the case when
there was no reimbursement provided for the service, and 5 meant that the examined service
was very likely reimbursed with the highest value.

The weighted average was calculated from the service/treatment scores (method described by
Bland J M and Kerry S M [124], and calculated by using Microsoft Excel) and were classified

according to their functional relevance.
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The following classification was applied for the examined services and treatments:

1) Preventive:

e oral health education

e oral health screening

¢ topical fluoride varnish

e fissure sealing

e dental hygiene treatment

e preventive orthodontic treatment, e.g. space maintainer
2) Operative:

e primary tooth filling

e primary tooth pulp therapy

e permanent tooth filling

e permanent tooth root canal treatment

e tooth extraction
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4. Results

4.1 Assessing novel technological solutions addressing caries: a patent

analysis

4.1.1 Observed trends in patenting

First, we defined 61 matching patents for our analysis. Second, we defined groups for
classification of these patents, and their percentage to compare them to the total number of
selected patents: (1) Patents especially related to children under 6 years of age had a percentage
of 39% (2) The proportion of patents of innovations targeting children above 6 years of age,
but who still having primary teeth was 43%. (3) Patents not exclusively related to children’s
primary teeth, and could also be used for adults had a percentage of 18% among all examined
patents.

In the first group, there were oral hygiene tools for babies, or tooth-protecting cookies for
babies. In the second group, there were patents for toothpastes especially for children, dental
treatments designed for the primary dentition or dental screening software aiming
schoolchildren’s screening. In the third group, there are innovations about pain management,
matrix band, or telehealth dental systems for remote access.

We also categorized the selected patents regarding to their function. In this classification we

applied the widely used prevention, diagnosis and treatment categories.
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General and specific patents
We found that the proportion of specific patents were 70.5% to these selected categories, and
the general patents were represented by 29.5%. Thus, the largest portion was specific to primary

teeth and their caries management.

Legal status of the patents

The legal status of the patents are the following: 27% of the examined patents were ‘granted’,
19% of the patents were ‘pending’, and 54% of them were ‘dead’.

The patents are also part of patent-families (FamPat), which is classified by the invention type.
A patent family is ‘Granted’, if at least | member of the patent family is granted. When there
is no available ‘granted’ patent in the family, then it is called ‘Pending’. ‘Dead’ patents are no

longer in-force. It means that they might have been expired, revoked or lapsed.

Patenting timeline

In 1931, the first patent became available regarding primary teeth or caries management of
primary teeth. From 1990, there was a perceptible intensification of patenting activity .

2001 was the most productive year for innovations (with 18 available patents) regarding

primary teeth or caries management of primary teeth.

Territorial differences

Differences regarding patenting activity for the countries are presented on Figure 2. China has
the most first filing patent families, 24. The second largest number is for the United States,
which has 8. Russia and the former Soviet Union is the third on the list. The European Patent

Office has 6 patents, and also these patents are not recent.
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Patent applicants and technology domains

Figure 3 shows the major technological fields, which are protected by top applicants.
Technology domain: The International Patent Classification (IPC) defines the categories and
the patents are grouped to one or more groups. The biggest applicant is Ortho Tain, and it has

3 patents. Regarding the technology domain, the ‘Medical technology’ category is dominant.
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Publication country by year
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Figure 2. Publication country by year.

This graph represents the location of patent publications and their changes over time.

Abbreviations: CN-China, US-United States, RU-Russia, DE-Germany, JP-Japan, WO-World Intellectual Property Organization, EP-
European, AU-Australia, CA-Canada, KR-Korea, Republic of, AT-Austria, BR-Brazil, ES-Spain, TW-Taiwan, IN-India, MX-Mexico, PL-Poland,
UA-Ukraine, CZ-Czech Republic, HK-Hong Kong
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Assignees

Patent families by Technology domain / Assignees
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Figure 3. Patent families by Technology domain / Assignees.

This graph represents the individual or the company that has rights and title to the invention (assignee) by technology domains.
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4.1.2 Types of Innovations

Regarding their functional application area, we used the classification of the selected patents as
follows: among ‘prevention-related’ patents there were 37, 8 patents were ‘diagnosis-related
and the number of ‘treatment-related’ patents was 16.

All treatment-related patents also belonged to the ‘Specific patent’ group, while among
Prevention- and diagnostic-related patents, we could identify both specific and general patents.

There were also 12 orthodontic-related patents for the early and young ages of children.

4.1.3 Timeline and territorial differences

The territorial differences in prevention-, diagnostic- and treatment-focused innovations are
presented in Figure 4.

Prevention-related patent activity: Activity is observable throughout the examined period of
time. From 2004, there was an increase in the number of patents. China owns the most patents
in this field, with 17 patents. The US is the second, with 6 patents throughout the years, third is
Russia and the former Soviet Union, with 4 patents.

Diagnostic-related patent activity: Patents in this field are from 1997 to 2018. This was the least
active category in patenting (only 8 patents). Russia has the most patents in this field of
innovation.

Treatment-related patent activity: Activity was accelerated in 2001, with the highest number of

patents in 2016. China owns the most patents in this field.
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Number and type patents per country

CN- China KR~ Republic of Korea

RU ~Russia UA - Ukraine
SU = Union of Soviet Socialist Republic ES - Spain

US = United States Fl = Finland
TW ~ Taiwan FR =France
DE - Germany

WO -~ World Intellectual Property Organization

JP = Japan

Figure 4. Number and type of patents per country.

This graph represents the number and type (diagnostic, prevention or treatment) of patents
per country.

Abbreviations: CN-China, RU-Russia, SU- Union of Soviet Socialist Republic, US-United
States, TW-Taiwan, DE-Germany, WO-World Intellectual Property Organization, JP-Japan,
KR-Korea, Republic of, UA-Ukraine, ES- Spain, FI-Finland, FR-France

4.1.4 Patented innovations

First, the ‘prevention-related’ inventions will be described. Innovation in this category usually
include different types of mouthwashes, toothpastes with antibacterial effect, and also specific
toothpastes for children, e.g. fluoride-free toothpaste or edible toothpaste, enriched with
vitamins and calcium. There are also special toothbrushes for children and other inventions,
like tooth protecting lollipops or cookies. These inventions all focus on preventing the

development of caries or aiding the management of caries. Inventions also include oral hygiene
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tools for babies, such as small toothbrushes or oral cleaning items, and vegetable-containing
dental care cookies for babies. Jaw inductors or dentition developmental guide devices are also
a part of this category.

In the ‘diagnostic’ field there were a variety of diagnostic tools as well. This includes
microbiological tools, such as Streptococcus mutans diagnosis method, remote dental systems,
using telehealth for screenings of schoolchildren. Infrared diagnostic tool is also part of this
category to predict the tooth eruption and identify hyperaemia in the gum.

The ‘treatment’ category usually includes inventions in the field of fillings, prosthetic, surgical
or endodontic interventions. In this category we can find patented filling materials, excavator
tool, dental matrix band, and also crowns and tooth extraction tools and methods and vital pulp
extirpation tools intended for use in the primary dentition. This group also include toothache

treatments or remedies, such as traditional Chinese medication.

4.2. Assessing burden and risk factors of ECC: an ecological study

4.2.1 Estimation of burden of the ECC disease among children under 5-years-old
Analyzing the available data for the year of 2019 (for male -M- , female - F- and both — B), the
following results are found among EU countries: The incidence rate (per 100,000) was 43,686.
This rate was highest in Poland (M, F, B) and lowest in the United Kingdom (UK) (F, B, M).
The YLDs rate (per 100,000) was 11.5. This rate was highest in Romania among the EU
countries (F, B, M), and lowest in the UK (F, B, M). Regarding the prevalence (%), the value
is 41.4. It was highest among boys (M) in Lithuania, Latvia and Poland, lowest in the UK (F,
B) and Denmark (F).

The detailed dataset for incidence rate, prevalence (%) and YLDs rate of EU countries for male,

female and both is presented on Addendum 2 — Table.
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4.2.2 Analysis of the long term data for YLDs rate from 1990 to 2019

Figure 5 shows the YLDs rate of caries of primary teeth per 100,000 population between 1990
and 2019 for children under the age of 5. We noticed a trend, as constantly higher YLDs rates
can be observed during the examined time-period for certain countries.

Two main groups can be identified over time: (1) Countries with constantly higher YLDs rate
(these countries are Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithuania, Poland,
Romania, Slovakia, and Slovenia), (2) Countries with lower YLDs rate, which could be higher
on an intermittent basis. Increasing values can be detected in Belgium, Sweden (2005, 2006),

France, Spain (2006, 2007), Germany and Italy (2015), Denmark, Greece, Sweden (2017).
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Figure 5. YLDs rate of caries of primary teeth per 100,000 population between 1990 and 2019 (presented age group: under 5 years of age).
Source: Global Burden of Disease database. YLDs: years lived with disability.
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4.2.3 YLDs rate of ECC and its risk factors — comprehensive analysis
Descriptive statistics
The data on risk factors were available for international comparison from 2014 to 2019.
For this reason, changes over time were analysed for the time period between 2014 and 2019.
Table 1 presents the results of the analysis for the 28 EU countries.
Although the following changes were not considered significant, they were observable during
the examined period of time:
Increased:
- The mean (SD) YLDs rate (per 100,000) has increased during this time by 6.6%
- Sugar consumption has increased during this time
- increase in GDP per capita (in PPS) was also observable
Decreased:
- proportion of risk of poverty has decreased
- degree of urbanization has decreased

- population of children under 5 years-old was also lower
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Table 1. Mean change in YLDs and covariates over time (2014-2019).

2014 Change over Time between 2014
2014 2015 2016 2017 2018 2019
2019 and 2019
Mean Mean Mean Mean Mean Mean Mean Absolute
(SD) (SD) (SD) (SD) (SD) (SD) (SD) Difference
11.05 10.82 10.82 1091 11.02 11.21 11.53
YLDs rate 0.714 6.60% 0.582
(4.86) (5.11) (5.09) (5.02) (4.99) (4.81) (4.51)

Sugar consumption 54.92 543 539 5537 56.11

Relative Difference % p-Value

- - 1.812 * 3.34% * 0.801
(kg/capita/year) * (26.83) (27.28) (27.38) (27.00) (27.07)
At-risk-of-poverty rate  16.72% 16.85%17.07% 17.05% 16.8% 16.79% 15.74%
—0.011 -6.59% 0.351
(%) (4.08) (3.82) (4.01) (3.99) (3.95) (3.88) (4.95)
101.11  99.57 101.14 100.82 101.18 101.82 102.11
GDP per capita in PPS 2.536 2.55% 0.824
(42.66) (42.87) (44.79) (44.24) (42.93) (42.92) (42.04)
o 38.78% 38.54%38.34%39.02%39.06%39.91%37.82%
Urbanization (%) - —1.86% 0.858

(14.44) (13.98) (14.05) (14.44) (14.5) (14.96) (15.88)
Number of observations N =168 N =28

* The change over time related to sugar consumption could be investigated between 2014 and 2017 due to the availability of data.
Abbreviations: years lived with disability (YLDs), standard deviation (SD), number (N), gross domestic product (GDP), purchasing power
standards (PPS).
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Regression analyses
Table 2 shows the results of the second part of our analysis, the panel data regression analyses.
Due to the limited data availability on sugar consumption, we could analyse this type of data in
the time period from 2014 to 2017.
The following findings were observed:
With univariate models:
- between at risk of poverty rate and YLDs rate there was a positive significant
association
- between GDP per capita (in PPS) and YLDs rate we could find an inverse association
- the degree of urbanization and YLDs rate was also inversely associated
With multivariate models:
- sugar consumption and YLDs rate was significantly associated
- sugar consumption showed a positive and also independent effect when analysed over
time in this model: 1 unit increase in the sugar consumption (kg/capita/year) could be
associated with a YLDs rate increase of 0.1 years.
- between GDP per capita (in PPS) and YLDs rate there was also a positive association,
showing that the increase of GDP associated with the decrease in the YLDs rate (by
0.11 years)
- degree of urbanization and YLDs rate was also significantly associated according to the
analysis: 1% increase was associated with the decrease of YLDs rate of 0.15 years.
- there was no observable effect of poverty on the YLDs rate
After stratification by the previously defined European regions (Western and Eastern European
countries), this analysis was also carried out to examine the association between YLDs rate and

the ECC risk factors. Regarding sugar consumption and poverty rate, there was no significant
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associations detected in any strata. Regarding GDP and degree of urbanization, there were

differences observed between the examined Eastern and Western European regions.

Table 2. Panel data regression models for the effect of sugar consumption, at-risk-of-
poverty rate, GDP per capita, and urbanization on YLDs rate of early childhood caries over

time (2014-2017).

Univariate Analysis Multivariate Analysis *

Coefficient 95% CI p-Value  Coefficient 95% CI  p-Value

Sugar
. —0.050, 0.072,
consumption -0.016 0.364 0.104 <0.001
. 0.018 0.136
(kg/capita/year)
At-risk-of-poverty 0.038, —0.146,
0.270 0.023 0.023 0.790
rate (%) 0.501 0.192
GDP per capita in -0.077, —0.134,
—0.058 <0.001 —-0.113 <0.001
PPS —-0.039 —0.092
o —-0.163, —0.195,
Urbanization (%) —0.100 0.002 —-0.151 <0.001
—-0.037 —-0.107

* Significant results are shown in bold. Abbreviations: years lived with disability (YLDs),

confidence interval (CI), gross domestic product (GDP), purchasing power standards (PPS).

4.3. Assessing childhood caries prevention, treatment and management: a

cross-sectional study

The online survey was sent out to 444 professionals in the EU by email. As a result of the online
survey, we received 36 completely or partially filled questionnaires. These responses represent

27 countries of the EU. The non-respondent member state was Luxembourg.

50



Regarding the respondents’ background, 52% of them was working at a higher educational
institution. They could provide voluntary information about their ‘title’: the most of them are
dentist or dental specialist (7), professor (2), associate or assistant professor (2-2), university
lecturer (2) or own a PhD (2). 56% of the respondent were female and the majority of the
respondents marked the *40-59 years old’ age group (63%).

It was emphasized by the majority of the respondents (15), that regarding the publicly provided
preventive dental services for children, no uniformity is achieved in the country, thus regional
differences might have an impact on the results and the responses might show approaches from
the region what the respondent represents.

Our results are classified according to the different approaches of dental prevention service.

4.3.1 Accessibility of caries preventive services
First, the most important aspect to analyse is the accessibility of public caries preventive

services for children and the features of the dental screening process.

Accessibility of dental screening

We examined both the characteristics of school and pre-school dental screening. The results
are shown on Table 3.

First, the schoolchildren’s dental screening characteristics are presented. Regarding publicly
financed school dental screenings, we received 23 responses and this type of screening is
provided in 9 countries. This type of screening is offered at least once a year in the majority of
the responding countries (66.7%), however, only certain age groups are included and it is not
provided to every schoolchildren every year.

For pre-school children, screening is offered in only 8 countries in the EU among the 26

respondent countries. Where this type of screening is provided, it is mostly performed at least
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once a year (75%), but among the respondents, the majority does not include all age groups are
included in this type screening (62.5%), thus this service is not available annually for the
children.

IG analysis for the accessibility of dental preventive services show, that the greatest difference
between low and moderate-high DMFT groups is represented by the availability of pre-school

children’s screening.
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Table 3. Access to screening and assessment of caries preventive services in the member states of the European Union

Countries® and DMFT prevalence groups

Moderate (2.7-4.4
) . Very low (<1.2) Low (1.2-2.6) . ( )
Function Indicator/Data type and high (4.4<)
¥ — = -
HEEEEEEH BENEEEE R HEBEEEER
“ Free-of-charge dental treatments provided for children? R R R R R R R R AR R Al B R A R A A
.§ Brief dental interventions available for children? s | sk [ | sk [k | sk | |k sk | sk |k | sk |k | sk [ | sk [ |k [k | o # | | k| %
§ School dentistry is part of the public dental care * | % * * X | =* * |k * X | * XX
2 More often than a year * X * | X XX
= Frequency of school dental
Y screening vearly * * X|* X | * X | X
L Not every year * X * X X | X
Q
S Screened age groups Al * X * il B X X
<
; ge group Selected * * * X | * * X | = X | X
§ Organized dental screening available for preschool children?| | ® | % | * * X | * *
§ More often than a year * * X *
S Frequency of preschool
2 . Yearly * * X | *
8 dental screening
a Not every year ® | % X
5}
S Screened age groups Al * * X *
<
Selected * * | * * X | *
— o Special care available for high-caries-risk groups ® k| ok |k [ x| % * * | % ® | % ® | % | *
= National guideline(s)* available to standardize brief dental
& < “ . . k| k| k| k| k| %k k| ok % % k| ok %
v N L  |linterventions
L Qg_ S |Uniformity achieved throughout the country in children
i Q . . * | % * |k * * S x| % * *
S § © |caries prevention
FE § Caries risk assessment applied in the country E T B P T P * * % | % | %
Monitoring system available for children's dental screening ® | % * *
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"'Countries indicated by 2-letter country codes, grouped by DMFT scores. Source of DMFT data and classification: CAPP database, Oral
Health Country/Area Profile Project. hitps://capp.mau.se/dental-caries/ Accessed: July 1, 2020

2 Through the public health service

3 Dental interventions: aiming for caries prevention, we included interventions of both in-practice (clinical) and non-practice (non-clinical)
setting

* Guidelines: To standardize brief dental interventions on caries prevention for children, either in-practice or non-practice setting, e.g. on oral

health instructions and promotion, health behaviour, plaque control.

Table 4 shows the indicator categories used for caries preventive services and assessment of preventive services in the European Union member
states (based on the responses). Countries are presented by their most recent DMFT score, from left to right: very low, low, moderate and high
DMEFT. Asterisk indicates ‘available’, fields marked with ‘X’ indicates no response received or response was excluded due to contradictory
responses and not included in the analysis.

EU 2-letter country codes: AT-Austria, BE-Belgium, BG-Bulgaria, CY-Cyprus, CZ-Czechia, DE-Germany, DK-Denmark, EE-Estonia, EL-
Greece, ES-Spain, FI-Finland, FR-France, HR-Croatia, HU-Hungary, IE-Ireland, IT-Italy, LT-Lithuania, LV-Latvia, MT-Malta, NL-Netherlands,
PL-Poland, PT-Portugal, RO-Romania, SE-Sweden, SI-Slovenia, SK-Slovakia, UK-United Kingdom,

Source: https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Country codes
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Accessibility of oral health services and education

Our analysis shows, that almost all EU countries (25 out of 27 respondent countries) make brief
dental interventions available for children. These interventions aim to provide dental health
education and oral health promotion. In most countries dentists (93%) and pediatric dentists
(82%) provide this type of education. Other professional involved in this service are university
students at dental faculty (74%) and dental hygienists (70%).

Regarding oral health education, we further examined the characteristics and content of these
interventions, with the help of ten indicators. The result are presented in Table 4. The base of
these interventions is teaching toothbrushing techniques, as it is provided in 85% of the
respondent countries. The second most important indicator is the supervised tooth brushing,
since 67% of the respondent countries marked this as a part of oral health education. The third
likely included educational theme is to present bad habits for oral health and providing
information on the negative effects of these habits. 63% of the respondents marked this as
‘included’ in the oral health education.

With IG analysis, regarding the content of oral health education, the greatest difference between
the very low and moderate-high DMFT classes is shown to be the information on bad habits
(0.38) and also the education of healthy dietary habits (0.26) for oral health.

We also found that professional dental nurses are also available to provide dental health

education in those countries, where the DMFT score is considered very low.
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Table 4. Features of oral health education in the member states of the European Union

Countries’ and DMFT prevalence groups
Moderate (2.7-4.4
. . Very low (<1.2) Low (1.2-2.6) . ( )
Function Indicator and high (4.4<)
Nlwidw|—|2d|w|wn ol = = N(DJw = e
HEBEEHEAEA HENEEAEEEE R E HEIEAEEE
Basic oral health education? |k |k |k [ k| x| x| % | k| k| ok [ x| x| % EN N I I T B A P
S - - -
9 @2 Education of tooth-brushing techniques® ® ok | k| x| x|k * C I T S T T AEREY NS ® | x| | %
S 2 Promotion of fluoride toothpaste [k | k| x| k| * [k | ow | k| k| * * k| ok * k| ok |k
= C
§§ Promoting awareness in dietary habits |k |k [ x| k| k| x|k S I B T AR * * | %
38 Education of parents, involving them in the oral
Q S t k| ok | ok [ sk sk sk k| sk k| ok | k| sk % % % % k| k| k[ %
< = care promotion
= O
8% Supervised tooth-brushing ® |k ® | % * ® | k| % ® | % AR B ® | % | * *
=3 Motivation based on individual health behaviour | * | = | % | % | * | % * | % | x| * * 2 K * * | %
SR
S S Education of pregnant women, involving them in
o Q . k| % k| k| k| ok % k| k| k[ % % % % % % k| %
= 5 the oral care promotion
1%}
¢ T Information about bad habits for oral health* H |k |k [k [k |k | k| % | % | ® * * 23 K * *
U G
< & Introduction of special tooth cleaning methods,
5 k| k| k| k| k[ ok k| k| ok % % % % % k| %
products

I'Countries indicated by 2-letter country codes, grouped by DMFT scores. Source of DMFT data and classification: CAPP database, Oral
Health Country/Area Profile Project. hitps://capp.mau.se/dental-caries/ Accessed: July 1, 2020

2 Importance of tooth-brushing, toothbrush, toothpaste
3 Including frequency and duration of tooth-brushing, what time of the day etc.

4 e.g. thumb-sucking, certain types of sports
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3> Anything other than toothbrush and toothpaste, e.g. dental floss, mouthwash, interdental brush

Table 5 shows the availability of oral health education in the member states of the European Union (based on the responses), depending on 10
indicators representing the interventions provided. Asterisk indicates ‘available’, in individual or group setting or both. Countries are presented by
their most recent DMFT score, from left to right: very low, low, moderate and high DMFT.

EU 2-letter country codes: AT-Austria, BE-Belgium, BG-Bulgaria, CY-Cyprus, CZ-Czechia, DE-Germany, DK-Denmark, EE-Estonia, EL-
Greece, ES-Spain, FI-Finland, FR-France, HR-Croatia, HU-Hungary, IE-Ireland, IT-Italy, LT-Lithuania, LV-Latvia, MT-Malta, NL- Netherlands,
PL-Poland, PT-Portugal, RO-Romania, SE-Sweden, SI-Slovenia, SK-Slovakia, UK-United Kingdom,

Source: https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary: Country codes
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4.3.2. Assessment of available services

The examined factors regarding the assessment of services aiming caries prevention are
presented in Table 1. We got responses from 27 countries for these questions of the survey and
the results are detailed in the following: (1) Children, who belong to the high caries risk groups
receive special attention or care during the dental screening procedure in 52% of the respondent
countries. (2) National guidelines or recommendations are provided to dental health care
providers’ to help standardize and unify the oral health education process and brief dental
interventions in 48% of the respondent countries. (3) Uniformity is obtained on a national level
regarding the caries prevention programs and their implementation in 44% of the respondent
countries. (4) The application of caries risk assessment methods is available in 41% of
respondent countries. (5) To ensure the quality of caries preventive services, monitoring system
is available in 37% of the respondent countries.

IG analysis showed the greatest different between the groups of low and moderate-high DMFT

scores in the availability of monitoring systems (0.29).

4.3.3. Data collection characteristics

We analysed the features of the data report process during the children’s publicly provided
dental screening. We focused on 19 features, shown in Table 5, to obtain information on the
recorded data. These examined features include personal medical history, full dental status and
also caries risk factors, early signs of caries (e.g. white spots) and overall dental hygiene. We
got replies from 25 EU member states.

The major results are show below, presenting the name of the indicator and the percentage of
the responding countries marked the feature as ‘available’: the complete dental status is usually

recorded in 92% of respondent countries, medical history is recorded in 68% of respondent
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countries, oral hygiene record and cavitated ECC is registered in 56% of the respondent
countries.

We found that the following indicators are less likely to be recorded: noncavitated ECC
(recorded in 48% of respondent countries), white spots are recorded in 32% of respondent
countries and microbiological risk factors are the least likely recorded, with 8%.

IG analysis: The greatest difference (0.24) shown in the record of fluoride usage, cavitated

ECC, newly developed caries, and oral hygiene information.
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Table 5. Data registration characteristics during oral health screening in the member states of the European Union

Countries® and DMFT prevalence groups

Very low (<1.2) Low (1.2-2.6) Modera_te (2.7-4.4)
Function Indicator/Data type and high (4.4<)
HEEHEEBEEE EEEEEEEEEERE BEEEEEE
" Mandatory data report required on screening * * |k |k * ® | % ® | % ® | % ® | *
§ Complete Dental Status A A EIE AR w0 |k [ | X [ % | k[ %] x| % | X | * | %
g D — Decayed teeth do |k |k |k |k |k |k |k k| % | x| % EEE NN D G N N R | X | | *
> F — Filled teeth d [k [k |k | w [k |k [k k| x| k| % AR IR EIE IR EXES * | X | % | %
S M — Missing teeth NN EAE N AN EED @R N * | X | *
g Medical History (Anamnesis) | % |k |k [ x| x| % * | % | % | % | X || % * x| X | %
g Children with Disabilities |k [ % | x| % * * * * | x| x| X % | % | X | * | %
§ DMF/dmf rate — newly developed caries ® |k EIEIEIES KA * * X|*|=* * * | X
< Untreated Decayed Teeth? |k [ % | x| x| % * * | % * | % X * * * | X | *
g Oral Hygiene Record (plaque) IR * * * | X * ® | X
2 Early Childhood Caries - cavitated IR * * x| x| X * * * | X
§1 Use of Fluoride | % | k| k| % * * X | X | *
B Record of Referral® | % [ % | x| % s s * | % X | = s | X | | %
g Dietary Factors* sl % | | % | % | % * * % | X * * s | X | *
§ Early Childhood Caries — noncavitated # | k| k| k| k| % * | * X * *| X | %
§ White Spots ) [ R [ * * X % | X
; Sociodemographic or Geographic Markers® * ® | k| % * X | X
g Salivary Flow * * X % | X
Microbiological Risk Factors (Streptococcus mutans) * X * | X
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"'Countries indicated by 2-letter country codes, grouped by DMFT scores. Source of DMFT data and classification: CAPP database, Oral
Health Country/Area Profile Project. hitps://capp.mau.se/dental-caries/ Accessed: July 1, 2020

2 e.g. if previously detected decayed tooth remains untreated
3 for special needs, special dental treatments
4 feeding practices, dietary habits, frequency of sugary drink, food consumption

3 e.g. hard-to-reach population, children whose families live in a deprived area

Our dataset represents 25 respondent countries (Latvia and Greece did not respond for recorded data). Countries are presented by their most
recent DMFT score, from left to right: very low, low, moderate and high DMFT. Asterisk indicates a specific data is recorded in school children,
preschool children or both, fields marked with ‘X’ indicates no response received or response was excluded due to contradictory responses and not
included in the analysis. Poland and Austria responded ‘no data’, they also responded that ‘there is no mandatory data report’ required by a national
body. All our data represents service availability for children through the public dental health provider. We did not include any form of private
dental service in our research.

EU 2-letter country codes: AT-Austria, BE-Belgium, BG-Bulgaria, CY-Cyprus, CZ-Czechia, DE-Germany, DK-Denmark, EE-Estonia, EL-
Greece, ES-Spain, FI-Finland, FR-France, HR-Croatia, HU-Hungary, IE-Ireland, IT-Italy, LT-Lithuania, LV-Latvia, MT-Malta, NL- Netherlands,
PL-Poland, PT-Portugal, RO-Romania, SE-Sweden, SI-Slovenia, SK-Slovakia, UK-United Kingdom.

Source: https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary: Country codes
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4.3.4. Reimbursement features
We also aimed to analyse the estimated reimbursement for the provided dental services for
children. We created two treatment groups to discover the financial burden and also the
likelihood of reimbursing the given preventive and operative treatments.
Preventive treatment aim to prevent caries development, while operative treatments used to
treat already developed diseases, such as caries, pulp treatment and tooth extraction. We
included such treatments provided for both primary teeth and permanent teeth.
The following treatments are available free-of charge in the marked rates of the responding 27
countries:

- topical fluoride varnish (preventive): 70%

- fissure sealants (preventive): 74%

- dental hygiene treatment (preventive): 82%

- permanent tooth filling (operative): 93%

- tooth extraction (operative): 93%

- primary tooth filling (operative): 85%
We used a scoring method to estimate and compare the reimbursement of the treatments in the
2 groups. We could collect data from 15 countries for this question.
The results are presented on Figure 6, and the scores were available from 0 to 5, with 0- not
reimbursed and 5- highest value reimbursement. The estimated reimbursement value of
operative treatments are higher than the preventive treatments’. Most of these operative
treatments also available for children with no charge (e.g. fillings, extractions), but preventive
treatments are not as accessible free-of-charge for children, not always part of the routine public

dental health care.
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Figure 6. Reimbursement tendency estimation with scores of preventive and operative

interventions

Figure 6 horizontal axis represents the respondent countries, ranked from highest GDP (PPS)
to lowest, from left to right. Right side vertical axis: GDP (PPS) per capita (represented by grey
columns). Left side vertical axis: represents the reimbursement weighted average scores for
preventive and operative treatment categories (preventive — orange spot or operative — blue
triangle).

Preventive services: fissure sealing, topical fluoride varnish, dental hygiene treatment, oral
health education, oral health screening and preventive orthodontic treatment for children (e.g.
space maintainer)

Operative treatments: primary tooth filling, permanent tooth filling, tooth extraction,
primary tooth pulp therapy and permanent tooth root canal treatment

The scores applied from 0-5, where 0 represents the lowest interest and smaller amount
provided to reimburse the category, and 5 means the highest interest and higher amount
provided to reimburse the category

Source of GDP per capita in (PPS) data: EUROSTAT database
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https.//ec.europa.eu/eurostat/tam/table.do?tab=table&plugin= 1 &language=en&pcode=tec()
0114
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5. Discussion

In the PhD thesis, I investigated three areas: caries-related inventions, the burden of childhood
caries in EU Member States and their prevention and treatment strategies to tackle the disease.
In all three areas, a wide variation between Member States could be detected, with a general

trend that prevention is not the focal point. The results are further detailed and discussed below.

Innovation and novel technologies (such as antimicrobial peptides, probiotics) would be very
important in tackling the caries disease, since the burden what caries represents is huge, not
only for the families and children but also for the healthcare systems [125]. The practical
effectiveness of these novel technologies (such as remineralization agents) regarding caries
prevention and treatment, were already examined and confirmed by Chen and Wang [126]. The
3D printing and different printing techniques were also great inventions, which are now widely
used and accepted in the clinical dentistry [127], almost 30 years after their introduction.
Although the innovations are relatively new (only 20% have expired by 2018), the overall
number of patent families (61) regarding children’s dental health is very low. Especially
considering, that for dental implants there are over 23000 patents (FamPat), and most of them
is very recent. Most of the examined patents focused on prevention, which group includes the
caries preventive innovations and also preventive orthodontic inventions. This finding is
important, as orthodontic preventative treatments at an early age can help achieve the normal
occlusion [128] which can contribute to preventing caries development and also have an impact
on the improvement of oral health related quality of life [129] for children.

Regarding the leading participants of the patent landscape, China dominates the caries
prevention and treatment sectors of the patents we analysed, having 8 of the overall 15 top

assignees in those areas. The European region represents an insignificant role in all three areas:
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prevention, diagnosis or treatment, as it only owns 4 co-assigned patents over the examined
long period of time. With such low number of patents, it was not possible to further analyse the
European patenting activity and discover the field of European innovations, but it is an
important finding as this can reflect the trends in research and development. This result can also
suggest that the area of childhood caries is considered low-priority for both the academic
research and corporate players in Europe.

Great differences are observed in the patenting activity among the countries and many factors
can impact this difference, e.g. the area and focus of research and development projects or the
number of large companies in the country, but the quality of the inventions or the scope and
range of these patents (only domestic or international) also have a remarkable impact, as
financial stimulation can accelerate the production of high quality patents. The patenting laws
also show variety in the countries [ 130], thus making international assessment challenging. This
is especially significant in case of low quality patents and could explain why the number of
patents filed domestically are so high [131].

While the number of patent applications are increasing, the different medical fields do not share
equal parts on these applications. The childhood caries management and primary teeth might
represent only a small portion of the market, but public policies, taxes or price-control on certain
products might represent a challenging environment for new inventions [132]. We can speculate
that such barriers present on both the supply and demand side, e.g. compulsory ethical license
for research, while childhood caries is more frequent in the vulnerable population [133].
Furthermore, primary teeth caries might be considered as “temporary”- however, this disease
might have a huge impact on the children’s oral health related quality of life and also on the
caries experience of permanent teeth [134] and general health [8] [10]. ECC prevention is also

the most efficient if it happens before the child turns 2 years-old [135].
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We found that the burden of caries in primary teeth among under 5-year-olds is increasing and
this finding also confirms the need for effective prevention programs for children. During the
longitudinal analysis of ECC burden over time, the inequalities were observed between Eastern
and Western European countries. In eastern Europe, the estimated burden was constantly higher
than the western states. This finding reflects previous results, where ECC was found to be more
frequent in the eastern countries of Europe, and less frequent in countries with more developed
economy [99]. According to the WHO, 80% of 5-6 year-old children should be caries-free by
2020. This goal has not been met by most of the EU countries and eastern European countries
are even farther from this milestone [99].

Inequality also present within the EU countries and socioeconomic factors are good indicators
to identify the disparities. Regarding the examined socioeconomic caries risk factors, we found
moderate association with the early childhood caries, and the result is the same for sugar
consumption. People with lower socioeconomic status are more vulnerable. The disease burden
estimation might not be correct for these vulnerable groups within countries, as the average can
mask the disparities. One of these vulnerable groups is the immigrants and involuntary
immigrants. The accessibility of certain services or risk of diseases can be different for these
groups, even if their healthcare needs are quite similar to the average population, according to
a German study [136]. The disease burden of childhood caries of primary teeth were higher in
Germany in 2015 and in Sweden in 2005, 2006 and 2017. This spike in these countries could
be explained by the increased numbers of involuntary immigrants. The nationality of the
mothers can also affect the ECC experience according to an Italian study [137]. For younger
children, the immigrant status could have an even greater impact on their health, since they
have less access to certain services, dental screenings, preventive interventions or check-ups

[138].
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Our results show, that there is a correlation between higher GDP, degree of urbanization and
lower ECC rate, which means that in economically developed countries the ECC rate will
decrease. Thus, the reduction of inequality between rural and urbanized areas and higher GDP
may contribute to the reduction of YLDs rate as well. There was also a phenomenon after the
2008 economic crisis: after the crisis, most European countries achieved or even increased their
pre-2008 GDP level by 2013. However, in Southern Europe the situation was different, and the
economic growth was not so successful as in other parts of the EU [139]. This inequality also
represented by the YLDs rate for primary teeth caries of under 5-year-olds, as there is no
observed equality on European level during or after the financial crisis. Western European
countries have stronger economy and more funds provided for public healthcare services and
preventive interventions [96]: this is in line with our findings, since Western countries showed
lower YLDs rates than the Eastern countries. Risk of poverty was not a strong indicator for the
YLDs rate, since we did not find correlation between these factors. The reason behind this
observation could be the inequal share for the vulnerable groups regarding healthcare or other
benefits within the country and also certain preventive or interventional dental services usually
provided free-of-charge through the public healthcare system for children [118]. The at risk of
poverty indicator focuses on income level, however, other factors, such as the availability of
healthcare services, free-of-charge dental services provided for children, healthcare funding
allocation, education level of the mother or caregiver, socio-economic and demographic factors
may modify the association. Further studies would be necessary to examine the complex
relationship [28,140—-142]. GDP appeared to be a more representative indicator in our study and
both urbanization and GDP level are important factors in connection with the health of the
countries’ population [143].

Higher sugar intake and growth in ECC rate is widely studied and confirmed [144]. The IAPD

Declaration defined four key areas tackle ECC disease and the need to limit sugar-consumption
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for children are emphasized in this declaration. Another important message of this declaration,
that ECC inequalities should be further studied to help develop successful prevention strategies
[92]. Assessing the sugar consumption’s correlation with the income level, this association was
the strongest in case of MICs [144]. With multivariate analysis, it was observed that the sugar
intake on the population level was correlated with the increased rate of YLDs. Study of
European countries also shown, that children and adolescents usually consume more sugar and
sweeteners than the internationally recommended maximum amount [145]. Other review
observed a similar trend: children’s sugar intake tend to be higher than adults’ [146] and SES
and other socioeconomic factors play an important role in elevated sugar consumption. There
is a complex relationship between socioeconomic indicators (including level of education) and
the experience of caries and ECC. Regarding sugar intake, a dose-response connection with
ECC was already confirmed and it also contributes to the higher caries disease burden
[144,147]. This observation is especially prominent in Europe’s less developed economies
[148]. The mother’s level of education is another important factor. Children of mothers with
lower level of education are more prone to consume a poor diet, have a higher sugar intake or
less likely engage in positive health behavior, such as attend regular dental check-ups or
treatments at the dentist [11,149—152]. However, regular check-ups and dental screening would
be especially important, as the available preventive measures’ effect might not able to tackle
the consequences caused by high sugar intake [144].

Another GBD study revealed, that it would be beneficial to include dental services into the
universal healthcare service [153], as effective prevention is essential to reduce the disease
burden of caries. Healthcare and prevention strategies are mainly regulated on a country level
in the EU. To implement successful prevention programs, it would essential to discover the
complex relation between socioeconomic factors and disease burden, and more research needed

to identify key areas of action to reach vulnerable population.
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Although the dentist’s role is inevitable in tackling the disease, from advocacy to dental
screening or explaining good dietary habits and making an impact on the health outcomes of
the vulnerable population as well [27], the pediatric primary healthcare providers could also
have an important role. They can teach right feeding practices, contributing to the prevention
of caries disease and working together with the dental team [154], or they can notice and
diagnose the caries in children, including those at an early age, and can provide parents with a
dentist referral for further screening and treatment [155].

Focusing on early detection of caries, oral health education for children and parents and
gathering information about caries risk indicators and preventive services should be an
important part of preventive programs. However, collecting EU data on preventive dental
services and comparing them is challenging. The number of indicators are limited [11] and the
standardization of the data also represents a limitation: it would be necessary for international
analysis, but these processes may not be widely applied [97]. Good practices are also identified
[11], but their implementation in the different preventive strategies and services show a large
variety within the EU. Accessibility and sustainability of healthcare services are also a
challenge [156], especially regarding caries prevention for children under 18 years of age.
Although the public health service provides dental treatments or interventions for children free-
of-charge, these services and their reimbursement is different among EU member states.
Regarding the screening process, we found that the school dental screening is available in 39%
of the responding 23 countries. Dental screening and education about oral health represent the
base of dental caries prevention [157], although the school dental screening itself is sometimes
criticized [158] for not being standardized. Pre-school dental screening, however, is considered
crucial in preventing severe consequences of ECC [6]. This is in line with our findings, since
the availability of organized dental screening for pre-school children was associated with a

great difference in IG between countries with low vs- moderate-high DMFT score. Although
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DMEFT is not an indicator of primary teeth, higher caries experience in early childhood might
predict increased caries risk among the permanent dentition [159]. Unfortunately, among the
26 respondent countries, 31% marked that pre-school screening is provided.

Accessibility to proper oral health education and knowing the right dietary habits can also
reduce the caries risk, and its necessity (especially on sugar intake) is emphasized by the WHO
[100]. Providing some type of education for children about dental prevention is also observable
in over 90% of the respondent countries, although clinical prevention might have a greater
impact on the caries experience [157].

Established and implemented standards for screening and preventive procedures would be
important to provide consistency and may contribute to higher screening quality [97].
Standardization of caries preventive services, monitoring systems and recorded indicators are
still not achieved [18] [97] among EU member states. Our findings support this: only 13 of the
respondent countries marked that national guidelines are available for the screening process,
data collection, or even oral health education. Furthermore, EU countries with higher DMFT
scores are usually less likely to have monitoring systems implemented for the screening
procedure or less likely provide specific guidelines for the preventive and educational services.
Overall, monitoring is only available in 37% of the respondent countries (27) and this can
contribute to lower quality of reported data.

Data registration is necessary for proper monitoring of processes and develop efficient public
health policies and preventive strategies. The EU member states with lower DMFT scores
usually perform better at data record, they record oral hygiene index or white spots (initial
caries) more often than countries with higher DMFT scores. Although DMFT data usually part
of the register, the early signs of caries, such as ‘white spots’ are less likely recorded. However,
early detection of caries, especially initial caries, which is reversible, has a very important role

in preventing caries progression [9]. Furthermore, even cavitated ECC is not widely recorded:
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among the 25 responding countries 56% marked that this indicators is collected. Knowing data
about these indicators also help assessing caries risk. Risk assessment and CRA models can
have an important role in the caries management processes, and prevention of ECC [6] [160].
Children in the higher caries risk group might have different needs than those in a lower risk
group [161], and this should be reflected in the provided care path. The risk assessment is used
in 52% of the 27 responding countries. Important indicators for the children under 6 years old,
such as dietary patterns or oral hygiene index, sociodemographic characteristics are emphasized
[72], but less likely recorded thus making the caries risk assessment challenging.

The accessibility of children’s clinical dental preventive services also differ within the EU.
Regarding the financial characteristics of provision of dental services, we found that treatments
for the developed diseases are usually in a higher price-range, compared to preventive
interventions. However, these operative treatments are mainly provided for children at no cost,
while preventive services are in a lower price-range, but less likely provided free-of-charge.
Prevention would be crucial, as these services are cost effective [11]: early detection and
treatment are both reduce costs and suffering [6], and according to the literature, they proved
to be evidence-based interventions regarding dental caries prevention [162,163]. Dental
services provided for children are mainly aiming to treat the developed caries [162] and provide
operative treatments, while the preventive treatments would be beneficial for successful caries
management [164]. The different healthcare systems determine the reimbursement and the
capitation payments can also have an effect on the provision of dental services and treatments
[165].

There is an observable gap between the identified good practices, guideline recommendations
and the actual implementation of preventive services. There is a lack of data regarding the
efficiency of preventive efforts, with no standardized indicators and proper monitoring systems.

These would be crucial for effective public health policies and successful caries management
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strategies [166]. Our study aimed to provide data on the current situation of preventive services
for children in the EU, since the EU plays a unique role (CED White paper) [94] in providing
a platform for effective networking between countries to facilitate chronic disease prevention

e.g. by supporting database development [95].

Among the limitations of our patent analysis, we understand that although patent analysis is
available to assess available patents, the clinical usefulness or market success cannot be
evaluated through patent landscape analysis, all globally granted patents might not be included,
as they might not covered by secondary data and not all inventions are granted.

In our ecological study the time-period (2014-2017) available for analysis was limited due to
lack of data, and there were challenges to examine the socioeconomic factors in relation to
ECC, as their combined effect is complicated, and the national data might mask social
differences within countries. ECC is applicable for children under 6 years old, while we could
only select the ‘under 5° age group for analysis from the database. The data collection procedure
can also be different for the countries, and key data might not be available for analysis, e.g.
reimbursement or expenditure of dental preventive services, although in the EU, dental
treatments are available for children free-of-charge [11], Data on the educational background
of the parents and especially the mother of the child [13] was also limited, the nationality of the
children’s mothers are not available [137], and there is lack of information on certain vulnerable
groups’ access to public dental services statewide [167]. As a beneficial effect, the fluoride
usage or exposure is also not recorded on a regular basis [168],

Data collection on caries preventive services was challenging for our cross-sectional study
(limited number of professional organizations to reach out to, local regulations on data
availability) and the provided responses might only be relevant locally, not for the whole

country. The validity of responses cannot be evaluated and some answers needed to be excluded
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for incomplete datasets. Questions of the survey might not be applicable in all of the EU
countries, and data on reimbursement was highly limited. We also did not include private dental

treatments, only collected data on publicly financed services.
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5.1 Main findings and implications of the project

Innovations would have a crucial role in the caries management process, in all prevention,
diagnosis and treatment areas for children. Through the patent landscape analysis, our findings
showed that given the very few patent families (61) over the examined 87 years, the research
field of ‘caries in the primary dentition’ is neglected, and also majority (54%) of the examined
patents were ‘Dead’. The most neglected area was the ‘diagnosis’, regarding children’s dental
caries. The role of the EU in this field of innovation was quite small and a low research interest
might be speculated.

However, the burden of dental caries for children under 5-years old (ECC among under 5 year
old) is detectable in Europe and shows a divided EU, both for the year of 2019 and through
longitudinal analysis: there are considerable differences between Eastern and Western
European countries, since Eastern European countries have constantly higher YLDs rates.
Limited international data are available for the risk factors of ECC. Analysing the available
data, we observed that the sugar consumption is increasing, and so does the YLDs rate among
under 5-year-olds and we could confirm with multivariate model that these were significantly
associated. We also found through univariate model, that higher GDP was associated with lower
YLDs rate. SES and socioeconomic factors impact the burden of ECC, but both local and
international initiatives would be necessary to identify and protect the vulnerable groups of
population and effectively target them with future policy actions. Further studies also necessary
to untie the complex causative relation between the examined factors and ECC.

Children’s dental screening could provide crucial data on the current caries prevention
strategies, however only one indicator is in use (DMFT score) and this is not uniformly
recorded, making the international assessment challenging. We found that the screening process

shows large variety among EU states, both regarding screening frequency and screened age-
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groups. Although main guidelines exists, their interpretation is different in the countries. Pre-
school children’s screening is widely supported by professional organizations and we found
that it represents one of the differences between countries with low and moderate-high DMFT
score, yet our data show it is only provided in 30% of the respondent countries. Basic education
on oral health is usually provided for children, but clinical preventive services are not
necessarily available for children free-of-charge, even though they are cost-effective.
Meanwhile, treatments of already developed caries are in a higher price-range, still more likely
provided free-of-charge. Since the focus is mainly on treatment of disease, rather than
comprehensive prevention programs, relevant indicators could help evaluate current practice
and strategies. The dental screening process and preventive services could be improved with
reliable, internationally available indicators and monitoring systems. A universal, standardized
dental care package, involving effective oral health education on caries prevention, the
expansion of provided free-of-charge dental services for children and monitored screening and

data report could also help reducing inequality within and between countries.
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6. Summary

Caries and childhood caries represents a major burden worldwide. Although caries is largely
preventable, European countries, especially Eastern European countries are struggling to curb
the disease, lowering its burden on the quality of life and reducing its economic impact.
However, there are international recommendations available and good practices identified,
national prevention programs are still not effective enough. The main caries risk factors are
known, however, the complex causal relationship between diet, socioeconomic background and
educational level is the member states is hardly studied yet.

The project had 3 objectives: 1) to analyze the innovation trends in the area of ‘childhood caries’
by performing a patent analysis, 2) to analyze the burden of ECC for children under 5-year old,
focusing on both recent years and trends over a longer period of time. The correlation between
the ECC burden and environmental factors and sugar consumption were also analysed through
an ecological study, and 3) to reveal caries management practice and prevention policies for
children in the EU member states, with an online survey involving caries expert from the EU
countries and reporting the results in accordance with STROBE guidelines.

Although innovations in the area of primary tooth caries are relatively new and most of the
analysed innovations fell into the ’preventive’ category, the overall patent families are
considered very low. The European region does not represent a significant role, which can
reflect the research and development trends: this area of research might be low-priority for both
academic and corporate players. ECC prevention is the most effective when happens before the
age of 2. Preventive approaches would be especially important, since the burden of caries in
primary teeth among the ’under 5’ age group is increasing according to our longitudinal
analysis. The WHO set the target, that by 2020 80% of children aged 5-6 should be caries-free,

but this goal has not been met by most of the EU. EU countries are divided regarding burden
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of disease: Eastern EU countries are more prone to a constantly higher burden than the Western
EU countries, this is in line with the previous literature: ECC is less frequent in more developed
economies. Inequalities present within the EU and analyzing SES and socioeconomic factors
showed the disparities. A correlation was found between higher GDP and lower ECC rate, thus
higher GDP can contribute to lower burden of disease, and Western EU countries also showed
lower YLDs rate. High sugar intake and ECC experience is widely studied and confirmed. Our
multivariate model also showed that sugar intake on a population level correlated with increased
YLDs rate for dental caries in children under 5. Socioeconomic factors play an important role
in elevated sugar consumption and the mother’s level of education is also important: lower level
of education contributes to poor diet choices for children and higher sugar intake. The
relationship between ECC and socioeconomic factors are very complex and should be further
studied. Selecting and recording the caries risk indicators and including socioeconomic
indicators in such databases would make the national and international comparison of caries
preventive efforts less challenging. This need was also emphasized by the CED. Our cross-
sectional study revealed that although there are good practices for caries prevention and
screening available, these are not necessarily part of the everyday practice or not standardized,
even on a national level. Pre-school screening is considered crucial in preventing serious
complications of ECC and our finding confirmed this: the availability of organized pre-school
dental screening for children was a difference between countries with low and high DMFT
score, and was only provided in 31% of the respondent 26 countries. The availability of
monitoring system for the screenings’ quality assurance shows a similar correlation. The WHO
emphasized that knowing the right dietary habits can reduce caries risk. However, during data
record, indicator of dietary patterns is less likely recorded, and socioeconomic factors also not
widely recorded. Although the FDI and IAPD recommended, risk assessment is only used in

52% of countries, which can have a negative impact on the decision making process, as children
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with higher caries risk might need a different care path. Preventive dental services usually cost
effective, early detection can prevent high costs and suffering. Upon analyzing the
reimbursement characteristic, we found that the preventive services are less likely to be
reimbursed or reimbursed with a lower price, while operative treatment of the developed
disease usually provided free-of-charge and is reimbursed in a higher price-range. Minimal
invasive treatments should be preferred as per the IAPD: with successful prevention, surgical
interventions can be avoided. Although the differences in healthcare systems determine the
reimbursement and provision of treatments, policies focusing on dental caries prevention
should be considered, especially that preventive methods are cost-effective.

In conclusion, there are no significant differences in health values between the member
countries, e.g. the importance of tooth brushing is known in all countries, they could learn a lot
from each other in terms of cost-effective caries prevention programs. Furthermore, it is
important that the EU itself, e.g. through its health strategy, could take actions and give priority

to this childhood chronic disease in order to ensure effective caries prevention.
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Osszefoglalas

A kariesz és a gyermekkori kariesz jelentds probléma vildgszerte. Bar a kariesz megeldzhetd
betegség, az eurdpai orszagok, kiilonosen a kelet-eurdpai orszagok nehezen tudjak megfékezni
a fogszuvasodast és csokkenteni az altala képviselt egészségiigyi terhet. A fogszuvasodas rontja
az emberek életmindségét, illetve a betegségteher pénziligyi vonatkozasai is jelentdsek.
Nemzetkozi ajanlasok elérhetdek a megeldzéssel kapcsolatban, illetve a jo gyakorlatokat is
azonositottak mar, a nemzeti betegségmegel6zd programok mégsem hatékonyak eléggé. Bar a
kariesz fobb rizikofaktorai ismertek, a teljes oki kapcsolatokat még nem tartak fel a taplalkozas,
szocialis hattér, az iskolai végzettség, valamint a fogszuvasodds megjelenése kozott.

A kutatasnak 3 f6 célja volt: 1) a gyermekkori karieszre vonatkozd innovacids trendek
elemzése, szabadalom-analizis segitségével, 2) 5 éven aluli gyermekek karieszre vonatkozo
betegségterhének elemzése, mind az elmult évekre vonatkozdan, mind a hosszutavu trendek
alapjan. A kora gyermekkori kariesz betegségterhét szintén Osszevetettiik bizonyos kornyezeti
tényezokkel és cukorfogyasztassal is a vizsgalatunk sordn, 3) az Eurdpai Uni6 (EU)
tagallamainak kariesz prevenciés ¢és menedzselési gyakorlatat és prevencids politikait
tanulmanyoztam egy online kérddiv segitségével, melynek kitoltésére szakértoket kértem fel az
EU tagéillamaibol. Az eredmények a STROBE iranyelveknek megfeleléen keriilnek
bemutatasra.

A tejfogak szuvasodasaval kapcsolatos innovaciok aranylag ujkeletiiek és a vizsgalt ijdonsagok
nagy része a prevencié terliletéhez tartozik, a szabadalom csaladok szdma azonban nagyon
alacsonynak szamit. Az eurdpai régionak nincsen jelentds szerepe, és ez a megfigyelés tiikrozi
a kutatasi és fejlesztési trendeket: ez a kutatasi teriilet feltehetéen alacsony prioritdsu mind az
akadémia, mind a vallalatok szdmara. A kora gyermekkori kériesz (Early Childhood Caries -

ECC) megeldzése akkor a leghatékonyabb, ha mar 2 éves kor eldtt megkezdddik. A megel6zo
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intézkedések kiilonosen fontosak lennének, hiszen a tejfog szuvasodds betegségterhe
folyamatosan n6 az 5 éves kor alatti korosztalyban vizsgalataink alapjan. A WHO azt tlizte ki
céljaul, hogy 2020-ra az 5-6 éves gyermekek 80%-a kariesz mentes legyen, de ezt a eredményt
a legtobb EU-s orszagnak nem sikeriilt elérnie. Az EU tagéllamai két részre oszlanak a
betegségteher tekintetében: a kelet-eurdpai orszagokban folyamatosan magasabb a
betegségteher a nyugat-eurdpaihoz viszonyitva és ez dsszhangban all a korabbi szakirodalmi
megfigyelésekkel, miszerint az ECC kevésbé gyakori a fejlettebb gazdasagi hattérrel
rendelkezd orszagokban. Az egyenldtlenségek megfigyelhetdek az EU-n beliil, a tdrsadalmi-
gazdasagi tényezok is ezt tiikrozik. A magasabb bruttd hazai Ossztermék (GDP - Gross
Domestic Product) és alacsonyabb ECC arany kozott osszefiiggést talaltunk, igy a magasabb
GDP hozzajarulhat az alacsonyabb betegségteherhez is, ennek megfelelden a nyugat-eurdpai
orszagok kozott valoban alacsonyabb volt a YLDs (Years lived with disability) rata is.

A magas cukorfogyasztas és az ECC kialakulasa kozotti dsszefliggéseket mar széles kdrben
tanulmanyoztak ¢és igazoltdk. A tobbvaltozdés modelliink szintén kimutatta, hogy a
cukorfogyasztas népességi szinten korrelalt a ECC-re vonatkozd magasabb YLDs rataval az 5
éven aluli korcsoportban.

A téarsadalmi-gazdasagi tényezOk fontos szerepet jatszanak a megnovekedett szénhidrat-
fogyasztasban és az anya iskolazottsagi szintje szintén fontos: alacsonyabb iskoldzottsag
hozzajarul a gyermekek kedvezdtlen étrendjéhez és a magasabb cukorfogyasztashoz.

Ezek alapjan az ECC el6forduldsa és a tarsadalmi-gazdasagi tényezOk kapcsolata igencsak
Osszetett és tovabbi vizsgalatokat igényelne. A megfeleld kariesz rizikd mutatok kivalasztasa
és az erre vonatkozo6 adatok rendszeres rogzitése, kiegészitve a tarsadalmi-gazdasagi mutatok
nyilvantartdsaval egy adatbazisban lehetévé tenné a nemzeti €s nemzetkozi 6sszehasonlitdsokat
a megel6zd tevékenységek hatékonysagara vonatkozdéan. Az erre valo igényt mar a CED is

megfogalmazta. A keresztmetszeti vizsgalatunk alapjan azt lathatjuk, hogy bar vannak jo
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gyakorlatok a kériesz prevencidra és szlirésre vonatkozdan, ezek nem sziikségszertien képezik
a mindennapi gyakorlat részét és nem szabvanyok alapjan torténnek, akar még nemzeti szinten
sem. A 6 éven aluliak fogészati szlirése kritikus lenne az ECC komolyabb szovédményeinek
megeldzéséhez és ezt vizsgalatunk is alatamasztotta: az 6vodaskoruak szamdra biztositott,
szervezett fogaszati sziirés egy jelentds kiilonbség volt az alacsonyabb ¢s magasabb DMFT-vel
rendelkezd orszagok kozott, és a 26 valaszadd orszag koziil minddssze 31%-ban van jelen
szervezett moédon. A mindségbiztositast célzd, fogaszati szliréseket ellendrz6 monitoring
hasonlo6 korrelaciot mutatott.

A WHO is kiemelte, hogy a helyes taplalkozasi szokasok ismerete csOkkentheti a kariesz
rizikot. Azonban a fogészati sziirések adatrogzitése soran az étkezési mintazatok mutatoit ritkan
rogzitik, hasonldan a tarsadalmi-gazdasagi mutatokhoz.

Habar az FDI és az IAPD nemzetkdzi fogaszati szervezetek javasoljak a kériesz rizikdbecslést,
ez csak az orszagok 52%-ban hasznalatos rutinszeriien, €s ez nehezitheti a dontéshozatali
folyamatokat, pedig a magas kariesz kockazati csoportba tartozd gyermekek masfajta
gondozast igényelnek, mint alacsony kériesz-rizikoju tarsaik.

A megel6z6 fogaszati kezelések rendszerint koltséghatékonyak, és a kariesz korai észlelésével
elkeriilhetdk a draga fogaszati kezelések és a fajdalom. A tdmogatasi tulajdonsdgok vizsgalata
soran azt talaltuk, hogy a megel6zd kezelések kevésbé tdmogatottak, vagy alacsony Gsszegii
tamogatast kapnak, mig a kifejlodott betegség kezelésére iranyuld fogaszati beavatkozasok
altalaban ingyenesen biztositottak, magasabb 0sszegli tamogatas mellett.

Az IAPD szerint szintén a minimal invaziv kezeléseket kellene eldnyben részesiteni: sikeres
megeldzés esetén a fogsebészeti beavatkozasok elkertilhetdek.

Bar a kiilonbozd egészségiligyi rendszerek eltérden tamogatjdk és biztositjdk a fogészati
kezeléseket, a kariesz prevenciora irdnyuld szabalyozdsok fontosak lennének, kiilonds

tekintettel arra, hogy ezen megeldz6 tevékenységek egyben koltséghatékonyak is.

82



Osszességében elmondhato, hogy nincsen jelentdsebb kiilonbség az alapvetd, megeldzést célzo
torekvések kozott az EU-ban, példaul a helyes fogmosas ismerete minden tagallamban
kiemelkedd fontossagu, mégis, a kdltséghatékony kariesz megeldzési stratégiak tekintetében
hasznos lenne egy kozos platform, valamint a kozds adatgytijtés tovabbi kutatdsokhoz és

hosszutavi megfigyelésekhez.
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10. Addendum

10.1 Addendum 1: List of patents

List of patents included into the analysis by publication numbers, in the ‘Assessing novel

technological solutions addressing caries: a patent analysis’ project.

RU2661612 C1 CN108042387 A CN107625662 A KR20180001267 A CN206761096U U
CN206303986U U RU2621534 C1 CN106806028 A CNI106581159 A TWMS539272 U
CN206062509U U CN105832854 A W0200283022 A2 CN105795088 A CN105662606 A
CN205268315U U CN205215392U U CN205144814U U TW201603782 A CN105266904
A CNI105169375 A CN104430770 A US20150050621 A1 UA--89688U U CN103751314
A CN202698198U U CN202698175U U KR20130107519 A RU2011128892 A
CN202143714U U ES2379170 A1 CN102188099 A CN201692076U U CN101889969 A
RU--86448 Ul RU2376014 C1 W0200924372 A1 US20070238071 A1 CN201070106U Y
UA--19012U U JP2007160073 A TWM281603 U US7500576 B1 TWM253261 U
US20040058295 A1 US20040126743 A1 RU2204337 C2 JP2002169887 A W0200230313
A2 DEI19936461 A1 US5882192 A FI9406191 A0 RU94028402 A SU2072786 Cl
DE9013703 Ul SU1743598 A1 US5078732 A DE3437090 A1 SU1050697 A1 FR2143622

Al USI816582 A
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10.2 Addendum 2: Burden of disease of deciduous teeth caries in 2019, for
the ‘under 5’ age group

Addendum for ¢Assessing burden and risk factors of childhood caries: an ecological study’
Addendum 2 Table. Incidence rate, Prevalence, YLDs rate among children aged under 5 years

old and Age-standardized YLDs Rate of deciduous caries, 2019

EU member state Sex Incidence Prevalence YLDs rate Age-
rate (%) (per 100, standardized
(per 100,000 | (95% UI) 000 YLDs rate
population) population) | (per 100, 000
(95% Ul) (95% UlI) population)
(95% UI)
Austria Male 39653,1 33,3% 7,8 2,1
Female 38184,0 26,6% 7,2 2,0
Both 38942,0 29,8% 7,5 2,0
Belgium Male 40492,3 35,4% 8,1 2,1
Female 38751,5 28,6% 7,7 2,1
Both 39642,6 31,8% 7,9 2,1
Bulgaria Male 51563,4 55,9% 16,8 3,3
Female 51983,6 54,3% 17,0 3,3
Both 51767,6 55,1% 16,9 3,3
Croatia Male 51830,5 56,3% 16,7 3,3
Female 52291,2 56,8% 16,9 3,3
Both 52054,4 56,5% 16,8 3,3
Cyprus Male 39115,1 31,6% 7,8 2,1
Female 37673,9 25,2% 7,3 2,0
Both 38419,1 28,3% 7,6 2,0
Czechia Male 51888,2 56,9% 16,7 3,3
Female 52038,2 56,0% 16,7 3,3
Both 51961,3 56,5% 16,7 3,3
Denmark Male 33944,3 25,1% 5,6 1,4
Female 31965,2 19,3% 51 1,4
Both 32981,1 22,0% 5,3 1,4
Estonia Male 51034,3 56,8% 16,5 3,3
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Female 50990,9 54,5% 16,3 3,3
Both 51013,2 55,6% 16,4 3,3
Finland Male 43867,1 40,9% 10,0 2,4
Female 41837,9 33,7% 9,1 2,3
Both 42875,7 37,2% 9,6 2,4
France Male 37956,1 34,0% 7,8 2,0
Female 36876,2 28,2% 7,3 2,0
Both 37428,1 31,0% 7,6 2,0
Germany Male 40892,7 37,0% 8,8 2,1
Female 37472,4 30,2% 8,1 1,9
Both 39229,0 33,5% 8,5 2,0
Greece Male 41687,1 41,3% 10,2 2,4
Female 39548,7 33,1% 9,2 2,3
Both 40643,6 37,0% 9,7 2,4
Hungary Male 51765,9 56,5% 16,8 3,3
Female 51893,8 55,4% 16,8 3,3
Both 51828,1 55,9% 16,8 3,3
Ireland Male 38046,3 30,0% 6,7 1,8
Female 36555,3 24,2% 6,3 1,7
Both 37319,2 26,9% 6,5 1,8
Italy Male 45231,9 44,5% 11,9 2,6
Female 43565,6 36,6% 11,0 2,5
Both 44422,0 40,4% 11,5 2,5
Latvia Male 51521,7 57,8% 16,6 3,3
Female 51099,6 55,3% 16,4 3,3
Both 51317,9 56,5% 16,5 3,3
Lithuania Male 51173,6 57,8% 16,7 3,3
Female 51077,6 55,0% 16,6 3,3
Both 51126,9 56,4% 16,6 3,3
Luxembourg Male 39743,8 34,4% 7,8 2,1
Female 37730,3 26,8% 7,1 2,0
Both 38760,1 30,4% 7,5 2,0
Malta Male 39887,8 34,2% 8,0 2,1
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Female 37954,9 26,7% 7,2 2,0
Both 38953,7 30,3% 7,6 2,0
Netherlands Male 43888,0 36,5% 8,2 2,2
Female 43285,5 29,8% 7,9 2,2
Both 43594,3 33,0% 8,1 2,2
Poland Male 53418,3 57,2% 16,8 3,2
Female 53355,3 56,0% 16,7 3,2
Both 53387,7 56,6% 16,7 3,2
Portugal Male 39780,1 33,8% 7,9 2,1
Female 38489,0 27,1% 7,4 2,0
Both 39148,6 30,2% 7,7 2,1
Romania Male 51848,0 55,4% 17,0 3,3
Female 52452,2 54,8% 17,1 3,3
Both 52141,6 55,1% 17,1 3,3
Slovakia Male 51134,1 56,5% 16,8 3,3
Female 51512,7 55,2% 16,7 3,3
Both 51318,5 55,8% 16,7 3,3
Slovenia Male 51933,6 57,0% 16,6 3,3
Female 52041,3 56,1% 16,8 3,3
Both 51986,0 56,5% 16,7 3,3
Spain Male 41882,2 40,4% 10,3 2,4
Female 38888,3 31,6% 8,2 2,1
Both 40427,4 36,1% 9,2 2,3
Sweden Male 45561,6 49,6% 12,8 2,7
Female 43887,5 42,3% 12,3 2,7
Both 44749,4 45,9% 12,5 2,7
United Kingdom Male 16247,5 21,8% 4,9 1,4
Female 15261,3 16,8% 4,5 1,3
Both 15766,8 19,1% 4,7 1,3
European Union Male 39535,01 40.33% 10,05 2,30
Female 38061,91 34.24% 9,47 2,22
Both 38817,68 37.20% 9,77 2.26

YLDs: Years lived with disability

UL uncertainty interval
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10.3 Addendum 3: Questionnaire

This survey tool was developed to discover the characteristics of caries preventive policies,

practices among EU member states.

Questionnaire about Dental Caries Prevention Policies to identify

the national dental practice and policy in caries prevention for

children

A) YOUR DATA

Thank you very much for your assistance. First, just a few questions about you. Your

responses will remain confidential and anonymous, data from this research will be reported

only as a collective combined total.

1. Your country:

2. County /region:

3. Type of institute (mark only one):

0

O O o o O

Public Administration

Higher Education

Professional body

Research Institute

NGO (non-governmental organization)

Other

4. Title/Position:

5. Gender (mark only one):

U
U
U

Male
Female

Prefer not to say

6. Age (mark only one):

0

below 20
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20-29
30-39
40-49
50-59
above 60

O o o o o

7. Email (optional):
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B) QUESTIONNAIRE ABOUT DENTAL CARIES PREVENTION POLICIES
(4 SECTIONS)

I. ORGANISATION OF DENTAL SERVICES FOR CHILDREN
Questions are about the organisation of dental services provided to children in your

country. Please indicate the one that best corresponds to your answer.

1. Are there dental treatments provided for children free of charge in your country through
the public health service? (mark only one)

[1Yes [1No

2. Is uniformity in management of children’s caries prevention achieved in your country?
(mark only one)

T Yes [JNo (e.g. there can be regional differences)

3. Is children caries risk assessment used in your country? E.g. are the children in your
country classified to caries risk groups? (mark only one)

[1Yes [1No

4. Do the children at high caries risk receive special care during dental screens, check-ups or
treatments? e.g. children with previous caries experience, sociodemographic risk, certain
dietary habits, hard-to-reach population (mark only one)

Yes LI No

5. Is the school dentistry part of the public dental care (financed by the state) in your country?
(mark only one)

[1Yes [1No

6. Is the school- aged children’s dental screening carried out through school dentist’s
appointments? (mark only one)

I Yes

[l No
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'] Not-applicable (e.g. school dentistry is not part of the public dental care)

7. Which age-groups/ classes are screened through school dentist appointments in your
country? (mark only one)

[] every class/ age group

[ certain classes/ age groups

'] Non-applicable (e.g. school dentistry is not part of the public dental care or

screening is not through school dentistry)

8. What is the frequency of school dental screenings for children in your country? (mark only
one)

yearly

less (than a year)

more often (than a year)

Non-applicable (e.g. school dentistry is not part of the public dental care or

screening is not through school dentistry)

9. Are the dental treatments for school-aged children carried out by the school dentist? (mark
only one)

[1 Yes, they do the necessary treatments if required

'] No, they only do the screening

'] Non-applicable (e.g. school dentistry is not part of the public dental care or

screening is not through school dentistry)

10. Is there organised, free-of-charge public dental screening for PRE-SCHOOL
(kindergarden) children in your country? (mark only one)

L Yes

[l No

11. Which age-groups/ classes of PRE-SCHOOL children are screened? (mark only one)
[ Certain classes / age groups

[J Every class / age groups
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0

Non-applicable (e.g. there is no organised dental screening for preschool children

12. What is the frequency of PRE-SCHOOL dental screenings for children in your country?

(mark only one)

0

U
U
U

Yearly
Less than a year
More often than a year (e.g. in every 6 months)

Non-applicable (e.g. there is no organised dental screening for preschool children

13. Is there any monitoring system for the quality assurance of the children’s dental

screening? (e.g. rate of attendance of children) (mark only one)

[1Yes [1No
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II. ORAL HEALTH EDUCATION FOR CHILDREN
Questions are about oral health education for children. Please indicate the one that best

corresponds to your answer.

1. Are dental interventions to prevent caries in children used in clinical practice in your
country? (in a practice or even non-practice setting, about oral health instructions and
promotion, health behaviour, plaque control - mark only one)

[1Yes [1No

2. Is there any national guideline to standardise the delivery of these brief dental
interventions? (mark only one)
[] Yes, there is/are national guideline(s) or recommendtaions about how to deliver
the oral health education for children
'] No, there are no specific national guidelines or recommendations, the oral health
education for children is delivered considering the general professional aspects

'] Non-applicable (e.g. there are no individual brief interventions for children)

3. If you have national guideline to standardise the delivery of these brief dental interventions,

oral health improvements, what is the name of the guideline?

4. In your country, according to your national regulations, what is definitely included in the
oral health education for children? Please indicate if these are included in an INDIVIDUAL,
in a GROUP or BOTH setting or NOT. Individual setting e.g. personal demonstration and
supervision of toothbrushing, group setting e.g. demonstration to class or group of children

about toothbrushing. (Mark only one per row)
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Name of intervention

Individual

Group

Both

Not

included

Basic oral health education (importance of

toothbrushing, toothbrush, toothpaste)

Education of toothbrushing techniques (including
frequency and duration of toothbrushing, what

time of the day etc.)

Supervised toothbrushing to help plaque control

Promotion of fluoride toothpaste

Introduction of special tooth cleaning methods,
products (anything other than toothbrush and
toothpaste, e.g. dental floss, mouthwash,

interdental brush)

Motivation based on individual health behaviour

Promoting selfconsciousness in dietary habits

Information about bad habits for oral health

(thumb-sucking, certain types of sports)

Education of parents, involving them in the oral

care promotion

Education of pregnant women, involving them in

the oral care promotion
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5. In your country, who can carry out oral health education? (tick all that apply)

Pedodontist, Pediatric Dentist
Dentist
Dental hygienist

Professional dental nurses

O O O o Od

Dental university students,

trainee-dentists

O

trained volunteers

[ other healthcare professionals
(e.g General Practitioners,
Physicians)

[l Nurses

'] Teachers

'] Non-professional helpers,

volunteers
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IT1I. DATA RECORD

Questions are about the reporting system of dental services provided to children in your

country. Please indicate the one that best corresponds to your answer.

1. Is it mandatory in your country to report data of the children’s oral health screening to a
national body? (mark only one)

[ Yes

[l No

2. If you report data of the children’s oral health screening, what is the name of the

nation/regional database?

3. Please indicate, what type of data is recorded during the children’s dental screenings in
your Country: Data recorded of PREschool children / school children / BOTH preschool and
school children /No data recorded of this indicator

Mark only one per row.

Name of indicator pre- school Both | No

school | children data

Medical history, anamnesis

Dietary factors (feeding practices, dietary habits,

frequency of sugary drink, food consumption)

Use of fluoride

Oral hygiene record (plaque)

Microbiological risk factors (Streptococcus mutans)

Salivary flow

Sociodemographic markers or Geographic markers (e.g.
hard-to-reach population, children whose families live

in a deprived area)

Children with disabilities
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White Spots

D — Decayed teeth

M — Missing teeth

F — Filled teeth

DMF/dmf rate — newly developed caries

Complete dental status

Record of Referral (for special needs, special dental

treatment)

Early Childhood Caries - cavitated

Early childhood Caries — non-cavitated

Untreated decayed teeth (e.g. if previously detected

decayed tooth remains untreated)
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IV. REIMBURSEMENT

Questions are about the reimbursement of dental services provided to children in your

country. Please indicate the one that best corresponds to your answer. The last question

is about how much what is the reimbursement you get for each of these dental

interventions.

1. How many of these interventions are public financed for children (age 0-18) per year?

Mark only one per row. (None, it is not public financed / 1 /2 / 3 or more / As required, no

limitation)

Name of intervention

None

3or

more

As

required

Fissure sealants

Topical fluoride varnish, topical anticaries

interventions

Filling- milk teeth

Filling — permanent teeth

Extraction

Root canal treatment — milk tooth or pulpotomia

Root canal treatment — permanent tooth

Oral health education

Oral health screening

Preventive or supplementary orthodontic treatment

(e.g. space maintener placement)

Dental hygiene treatment
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2. What is the reimbursement in Euro approximately per treatment carried out? Mark only one
per row. (None, it is not public financed / € 1-5 /€ 6-10/€ 11-20 /€ 21-30 / above € 30/
Don't know)

Name of intervention None | € € € € above | Don't
1-5|6- | 11- | 21- | €30 know
10 |20 |30

Fissure sealants

Topical fluoride varnish, topical anticaries

interventions

Filling- milk teeth

Filling — permanent teeth

Extraction

Root canal treatment — milk tooth or

pulpotomia

Root canal treatment — permanent tooth

Oral health education

Oral health screening

Preventive or supplementary orthodontic

treatment (e.g. space maintener placement)

Dental hygiene treatment
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