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Abstract: Background and objective: Research shows that 60–90% of school children have caries, representing a 

serious public health issue. Here, we present a model of oral health promotion that has been conducted in the 

Primorje-Gorski Kotar County (PGC), Croatia, from 2008 to 2019. We assessed the oral status of first and fifth 

grade elementary students and determined the sustainability and influence of our model on the status and 

behavior regarding the children’s oral status. Additionally, during the observed period, promotional and 
preventative activities aiming to improve oral health were conducted.  Since 2014, the Program has begun to 

be continuously, comprehensively, and systematically introduced into preschools as well. Material and methods: 

We assessed the number of children with caries by analyzing the changes in the decayed, missing, and filled 

teeth for primary teeth (dmft)/decayed, missing, and filled teeth for permanent teeth (DMFT) index mean 

during the observed period. Results: From 2008 to 2019 we assessed 44422 children in the PGC (21714 first grade 

and 22708 fifth grade students). The average response rate throughout the Program has been 83%. We have 

noted a dmft/DMFT index decrease from 4,66 to 3,73 (first graders) and from 2,50 to 1,00 (fifth graders). 

Conclusions: The Program has improved the behavior and oral health of children; stakeholders from various 

professions have been included, such as health visitors, school medicine teams, and pediatricians, avoiding 

additional financial expenses, increasing the number of children in care, and proving the sustainability of our 

oral health improvement model.  

Keywords: children; dental medicine; health promotion; oral health; preventive medicine 

 

INTRODUCTION 

In the modern world, children’s oral health has great societal and economic meaning. Regardless 
of the well-known nature of the disease and of the methods of its prevention, dental caries is currently 

the most prevalent civilization disease impacting most of the world’s population. Research shows 
that 60–90% of school children have caries, therefore, it represents a public health issue that requires 

serious consideration (1). 

Each individual’s oral health depends on their oral hygiene habits, diet, economic status, and 

frequency of dental health care visits (2). Caries prevention is based on measures and activities 

conducted in early childhood which, besides continuous fluoride application, high levels of oral 

hygiene, and adequate changes in diet and lifestyle, include systemic prevention and health 

education programs (3,4). 

Research on the prevalence of childhood caries conducted in Croatia has been rare and sporadic, 

however, a trend of decayed, missing, and filled teeth for permanent teeth (DMFT) index decline can 
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be observed; it was measured at 7 in 1968 and at 3,5 in 1999 (5,6). Studies published in 2014 and 2015 

reported a 4,8 DMFT index in fifth grade students  and a 4,14 decayed, missing, and filled teeth for 

primary teeth (dmft) index and a 4,18 DMFT (7,8).   Study published in 2019 reported a 3,0 DMFT 

(3). The lack of data and the decline of dental care quality in early childhood age can be traced back 

to the events of the nineties, when, along with the civil war, a primary care reform took place. This 

reform eliminated pediatric specialist practices from the national health system, that had previously 

conducted pediatric dental care and prevention, including the dmft/DMFT index and other oral 

health indicators. Additionally, during this reform, the choice of the child’s dentist was given to the 
parents, when previously all kindergartens and schools had specialist practices for child and 

prevention stomatology (9). 

Recent locally conducted studies have shown that oral health in Croatia is still unsatisfactory 

and neglected, and that the awareness of the importance of oral health and its influence on general 

health is insufficient (10,11). It is well-known that dental health needs to be addressed from the 

earliest age since children with healthy primary teeth have a very high likelihood of having healthy 

permanent dentition (12). The issue of inadequate prevention has been recognized by the experts of 

the Teaching institute of public health of Primorje-Gorski Kotar County (PGC), Clinic for dental 

medicine of the Clinical Hospital Centre Rijeka, and the Department of child stomatology of the 

Faculty of dental medicine of the University of Rijeka, who had implemented the “Advancement of 
oral health in PGC children and youth” Program which has been conducted continuously since 2008. 
This has ensured systematic oral health care of children and youth in the PGC. A similar screening 

program had previously shown the usefulness of early detection of caries and oral health needs 

through the promotion of early prevention, as well as the importance of public health interventions 

(13). 

The aim of this study was to show the results of the continuous conduction of our Program and 

the efficiency of this type of model in the improvement of children’s oral health by evaluating the 
dmft/DMFT indexes from 2008 to 2019.  

MATERIALS AND METHODS 

In the “Advancement of oral health in PGC children and youth” Program we included students 
enrolling into the first grade of elementary school (average age: 6) and those enrolling in the fifth 

grade (average age: 12), considering that these are the WHO recommended age groups for 

monitoring oral health (14). From 2008 to 2019, 21714 first grade and 22708 fifth grade students were 

assessed, with an 85% response rate for first and 80% for fifth graders. For the purposes of this 

research, we created a form based on the DMF Klein-Palmer system, on which clearly visible tooth 

surface cavities were noted as caries, and initial changes in transparency without cavitations were 

noted as healthy teeth (15). 

Students enrolling in the first elementary grade were handed a form at school which had to then 

be filled out by their chosen dentist. The filled-out form was given to their school medicine doctor as 

part of the health documentation for school enrollment. Fifth grade students had their teeth examined 

at school by pediatric dentists. The exams were conducted in classrooms with artificial lighting and 

single-use mirrors.  The same forms were used and educational workshops on oral health 

conducted. The time of the dental team arrival was agreed upon with the school’s administrative 
service. Prior to the exams, the school provided the children with written consent forms for the 

parents. Each examined student received a notice for their parents outlining their oral status, the 

conducted workshops, and recommendations for oral health maintenance. During the school year, 

nursing graduates from the teams of School and adolescent medicine conducted one-hour school 

workshops for all present students on the importance of oral health maintenance and adequate teeth 

brushing with demonstrations. Each student was then also presented with a “For a healthy and pretty 
smile” brochure. 

From 2008 to 2019, 1240 workshops were conducted in the first grades and 21714 students were 

assessed, and 1015 workshops were conducted with 22708 students assessed in the fifth grades. Since 

the Program’s inception, health visitors educated pregnant and postpartal women on the importance 
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of oral health and handed them with “The health and smile of your children are in your hands” 
educational brochures, thus educating 26559 women.   

Since 2014, the Program has been implemented in PGC kindergartens as well; more intensive 

preventive oral health workshops were included alongside other daily activities. In the kindergartens 

with adequate conditions, supervised teeth brushing was organized for children aged 3–6. The 

Program is currently being conducted in 90 kindergartens in the PGC area; 98% of kindergartens 

have adequate conditions and conduct teeth brushing once a day. During the observed period, 2336 

workshops were conducted, including 30496 preschool children. After the workshops, the parents 

were presented with educational “Care for children’s teeth” brochures and the children with 

educational coloring books. Additionally, the parents received instructions upon kindergarten 

enrollment regarding the need to choose their child’s dentist.  

Statistical analysis 

The form data were transferred into a previously formatted Microsoft Office Excel table and 

analyzed in MedCalc, version 19.1.7 (MedCalc Software Ltd, Ostend, Belgium). The age of the 

included participants is shown as median and range (min-max). Categorical data are shown through 

absolute and relative frequencies. The differences between frequencies have been calculated with a 

Chi-square test, and as a post hoc analysis, the proportion t-test was used. The trend was calculated 

using the Chi-square test for trend.  

Variance analysis (ANOVA) was used to determine the difference between dmft/DMFT indexes by 

age and sex, whereas the Scheffé test was used as a post hoc analysis. Significance level was set at 

P<0.05 for all analyses. 

RESULTS 

From 2008 to 2019, 44422 children in PGC were examined; 21714 first grade students, median 

age 6 (range: 5–9) and 22708 fifth grade students, median age 12 (10–15). The total coverage through 

the entire study period was 83%. Due to incomplete sex data, the data from Table 1 were used in 

analyses that considered sex. Table 1 shows the sex distribution of the included participants.  There 

was no statistically significant difference between boys and girls (P=0,204). 

Table 2 shows the measures of central tendency for the dmft index of first graders by years and the 

significant dmft differences by research years. The trend test showed that there was a statistically 

significant difference between groups in a certain direction (χ=334,15, P<0,001), i.e., that the dmft 
index diminished over time.  

Using the variance analysis, it was found that there was a significant difference in the dmft indexes 

(F[11, 21702]=9,75, P<0,001) and by using the post hoc Scheffé test it was found that the dmft index 

was greater in the first years of research compared to the final years, as shown in Table 2. 

Table 1. Sex distribution of students in the first and fifth grades. 

 Sex  

Grade Boys Girls N (%) 

1. 10 567 10 064 20 631 (49,6) 

5. 10 885 10 112 20 997 (50,4) 

N (%) 21 452 (51,5) 20 176 (48,5) 41 628 (100) 

Chi squared χ =1,61 P=0,204 
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Table 2. Mean and standard deviation values of dmft of first grade students by year and statistically 

significant differences in various research years. 

 dmft 

Year N 
Arithmetic 

mean 
SD Min Max 

Statistically significant 

dmft difference: 

(P<0,05) 

2008 1822 4,66 4,19 0 20 2016–2019 

2009 2033 4,47 4,24 0 20 2017–2019 

2010 1912 4,29 4,01 0 20 - 

2011 990 4,23 4,06 0 20 - 

2012 945 4,08 4,06 0 20 - 

2013 882 4,20 4,20 0 20 - 

2014 2231 4,36 4,13 0 20 2017; 2019 

2015 2331 4,17 4 0 18  

2016 2232 3,99 3,94 0 16 2010. 

2017 2172 3,80 3,96 0 20 2008; 2009; 2014 

2018 2134 3,83 3,92 0 20 2008–2009 

2019 2030 3,73 3,81 0 20 2008; 2009; 2014 

Total 21714 3,86 3,99 0 20  

Abbreviations: dmft, decayed, missing, and filled teeth for primary teeth; SD, standard deviation; min, 

minimum; max, maximum 

 

The means, standard deviations, and ranges of the DMFT indexes of fifth grade students are 

shown in Table 3. 

Table 3. Mean and standard deviations for DMFT in fifth grade students during 2008–2019. 

 DMFT 

Year N Arithmetic mean SD Min Max 

2008 122 2,50 2,21 0 10 

2009 1369 2,00 2,14 0 18 

2010 1238 1,31 1,60 0 10 

2011 2475 1,64 1,84 0 13 

2012 2195 1,44 1,77 0 12 

2013 2610 1,34 1,67 0 12 

2014 2250 1,32 1,58 0 22 

2015 2014 1,41 1,68 0 9 

2016 2181 1,42 1,74 0 24 

2017 2065 0,95 1,33 0 6 

2018 1968 1,20 1,60 0 10 

2019 2221 1,01 1,50 0 12 

Total 22 708 1,36 1,69 0 22 

Abbreviations: DMFT, decayed, missing, and filled teeth for permanent teeth; SD, standard deviation; min, 

minimum; max, maximum.  

 

The differences between the dmft indexes of first grade students and the DMFT indexes of the 

fifth grade students were also calculated and are shown in Table 4.   

The t-test showed that the first grade students had a significantly higher dmft than the fifth grade 

DMFT (P<0,01) (Figure 1).  

The oral health indicator for the first grade children, dmft, declined from 4,66 to 3,73 and that for the 

fifth grader students, DMFT, from 2,50 to 1,00.   

With the two-way ANOVA analysis, we found a statistically significant difference by sex, with girls 
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having a lower dmft (F[3,41624]=5502, P<0,001) and a lower DMFT (F[3,41624]=5805, P<0,001) than 

boys.   

We found an increasing trend in the number of insured persons using pediatric dental health 

care since birth until 6 years of age (χ=137,27; P<0,001) (Table 5). 
From the total number of kindergarten-age preschool children (3–6 years old) in the PGC 

(N=5693 children) which were included in the Program, we found that 50% brushed their teeth daily. 

 

Abbreviations: dmft, decayed, missing, and filled teeth for primary teeth; DMFT, decayed, missing, and filled 

teeth for permanent teeth 

Figure 1. Means and standard deviations of the dmft index in first grade students and the DMFT 

index in fifth grade students. 

Table 4. Differences in the dmft index in first grade students and the DMFT index in fifth grade 

students (all years combined). 

 dmft DMFT 

Grade 1 5 

N 21 714 22 708 

Minimal value 0,000 0,000 

Maximal value 20,000 22,000 

Arithmetic mean 3,862 1,358 

Median 3,000 1,000 

95% CI 3,000 to 3,000 1,000 to 1,000 

SD 3,9951 1,6945 

25 – 75 P 0,000 to 7,000 0,000 to 2,000 

Abbreviations: dmft, decayed, missing, and filled teeth for primary teeth; DMFT, decayed, missing, and filled 

teeth for permanent teeth; CI, confidence interval; SD, standard deviation; P, percentile 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 October 2023                   doi:10.20944/preprints202310.0236.v1

https://doi.org/10.20944/preprints202310.0236.v1


 6 

 

Table 5. Frequency of insured persons under the age of 6 that used dental health services during each 

year (N; %). 

Year 

Number of 

insured persons 

0–6 

Number of persons 

0–6 who used oral 

health care services  

(N; %) 

Number of dental examinations 0–6 

(N; % in of those who used oral 

health services) 

2008 6152 3890          63,2% 3512                 90,2% 

2009 5437 3888          71,5% 
2556                 65,7% 

  

2010 5732 
3914          68,3% 

 
3413                 87,2%  

2011 6486 4117          63,5% 3100                 75,3%  

2012 6167 
4409          71,5% 

 
3531                 80,1%  

2013 6532 4811          73,7% 2740                 57%  

2014  6514 
4971          76,3% 

 
2089                 42% 

2015 6490 5046          77,8% 3657                 72,5%  

2016 7312 5726          78,3% 4923                 86%   

2017 6905  5317             4589                 86,3% 

2018 6627 5112          77,1% 4054                 79,3%  

2019 6565 4559          69,4% 4322                 94,8% 

χ 137,27 P<0,001  

 

DISCUSSION 

From the data obtained during the Program according to our above prevention an oral health 

maintenance model, in the PGC first grade students the dmft index decreased from 4,66 to 3,73, 

whereas the DMFT index in fifth grade students decreased from 2,50 to 1,00 which is below the WHO 

recommended value of 1,5 (15). From 2011 to 2015, the dmft index in first grade students was 

continuously within the 4,23–4,17 range. With the Program expansion in 2014 and the 

commencement of continuous, comprehensive, and systematic conduction of prevention activities in 

preschool institutions, an improvement of oral health indicators was seen in first graders – the dmft 

was 4,0 in 2016, 3,8 in 2017 and 2018, and 3,7 in 2017. With this, we have proven that prevention 

programs that are intensely conducted in preschool establishments and are based on teeth brushing 

monitoring, have a positive impact on the dental health of elementary school children (16,17). 

Although a drop in the dmft index is present, it is necessary to continue to work on prevention and 

oral health improvement in first grade students to reach the WHO-recommended 1,5 value (15). 

Additionally, the obtained results show an improvement in oral health status, i.e., a reduction in the 

DMFT index, in fifth grade PGC students as well; as such, we can compare ourselves with other 

countries with a low DMFT index, such as Italy (1,1), Spain (1,07), Sweden (1,1), and Denmark and 

Switzerland (0,9) (18). The obtained value in fifth grade students demonstrates the effectiveness and 

importance of conducting programs in schools (dental exams and educational workshops), seeing as 

this type of constant oral health monitoring is more effective than the classic model of dental health 

care (17,19). The results of a 2022 meta-analysis showed that there have been few studies on oral 

hygiene education worldwide; from the 18 in total, only two have been conducted in Europe, both 

with different activities and time spent in working with children, and only three have been conducted 

in line with the WHO-outlined concept, which gives additional significance to the quality of our 

Program considering the results we obtained (17). Aside from working with children, the Program 

also motivates the parents to choose a dentist as soon as possible. Seeing that Croatia does not have 

organized oral health care for children, this responsibility is left to the parents, who oftentimes do 
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not choose a dentist until the manifestation of caries-related issues (pain, abscess, et.). We ensured 

that most children enrolling in the first grade have a chosen dentist, which was not the case prior. By 

choosing a dentist, the child is included in the dental health care system, thus changing the practice 

of dentists only being visited in dire need and imposing the option of preventive exams. Our model 

of having dentists visit schools has proven beneficial, similarly to several studies which have shown 

that children included in school dental care programs are more motivated to visit their dentist and 

are more regular in their checkups and dental health care procedures (20,21). 

The number of preventive dentist exams has increased with time since the Program inception, 

especially after the introduction of preschool activities in 2014. Our prevention activities have also 

increased the parent’s awareness of the need to visit their dentist early, which is visible in the 
increasing trend of the numbers of insured persons under the age of 6. Good cooperation has been 

established between School and adolescent medicine doctors and nursing graduates in their teams, 

which additionally motivated and educated parents on the oral health of their children, distributed 

flyers, and encouraged them to choose dentists as soon as possible. The public health system’s School 
and adolescent medicine conducts prevention and specific and health-education pediatric healthcare 

measures, and its good organization is the basis for the conduction of pediatric dental prevention 

programs (22). In the conduction of the Program, health visitors were also included, educating 

pregnant and postpartal women on the importance of oral health maintenance. Pregnant women are 

especially motivated for maintaining the health of their children, therefore we recommend that all 

preventive activities, including those pertaining to oral health, are commenced during pregnancy. 

Additionally, mothers have a strong influence on their children’s future habits (23). Being that in the 
early Program years, the DMFT index declined with time and the dmft remained the same, it was 

necessary to commence more intensive prevention activities by aiming health care at preschool 

children. Besides the supervised teeth brushing, the educational workshops had a great influence in 

creating healthy habits, and the role of nurses (health supervisors in kindergartens) in promoting oral 

health has been very significant as well (24). Therefore, in 2014, we conducted workshops more 

intensively with preschool children in kindergartens and included pediatricians in 2019 to cover all 

preschool children. The aim was that pediatricians, by following international, European, and 

Croatian guidelines, would send the children on their first dental check-up between 6–12 months of 

age (25). 

An early first visit to the dentist is important in educating the parents on oral hygiene and proper 

feeding. Here, pediatric dentists have an important role, as well as pediatricians who need to promote 

an early first dentist visit in order to commence caries prevention in early childhood (26). 

The Program showed an improvement in children’s oral health (dmft and DMFT index 
reduction), as well as its modifiability for obtaining even better results in the future. Various 

stakeholders are important in the conduction of our Program, each acting directly or indirectly within 

their domain in order to achieve a common goal, i.e., the good oral health of children. Through their 

mobilization and interconnection, additional financial strains on the system can be avoided (27). 

Dental health care needs to be refocused from curative to preventive (28). In Croatia, there is a 

problem of pediatric oral care organization, which has lost its importance during the last 15 years of 

reforms (29).  

In light of such an unsatisfactory level of prevention, especially in children, it is necessary to consider 

how it can be improved. Preventive activities need to be strengthened in order to make oral health 

care an important part of health education. Here, we can use Denmark as an example, as it has an 

overreaching dental health care until 18 years of age. By creating local clinical establishments, free 

healthcare is provided that includes education and organized invitations to parents along with 

response monitoring (30). 

Our model has proven sustainable as it has been in place for over a decade and has demonstrable 

improvements in children’s oral health, as well as being flexible to adaptation and improvement.  

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 October 2023                   doi:10.20944/preprints202310.0236.v1

https://doi.org/10.20944/preprints202310.0236.v1


 8 

 

CONCLUSIONS 

Considering the possibilities of caries prevention and the advantages of early caries lesion 

diagnostics, it is necessary to establish preventive activities in kindergartens and schools.  

Conducting these types of programs has great importance in stimulating children and parents to visit 

their health care doctors. Education on adequate oral hygiene, dietary habits, and oral disease 

prevention enables children to develop lifelong habits of maintaining their oral health along with 

their overall health. 

With the continuation of such activities, it is necessary to work on reintegrating specialists of 

child and preventive stomatology into primary health care. 

Conflicts of interest: The authors state no conflict of interest. 
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