














Diagram 21. Structure of the sample by BMI and oral hygiene in the group of 

eight-year-olds 

 
Diagram 22. Structure of the sample by BMI and 

oral hygiene in the group of nine-year-olds 

 
Diagram 23. Structure of the sample by BMI and 

oral hygiene in the group of ten-year-olds 

               

underweight	 normal-weight	 overweight	 obesity	 total	

37.50% 25.60% 27.90% 35.60% 27.60% 

50.00% 55.20% 54.70% 46.70% 54.00% 

12.50% 19.20% 17.40% 17.70% 18.40% 

good	 unsatisfactory	 poor	

underweight	 normal-weight	 overweight	 obesity	 total

28.60% 32.30% 31.40% 24.00% 18.70% 

47.60% 50.50% 48.80% 40.00% 48.90% 

23.80% 17.20% 19.80% 36.00% 32.40% 

good unsatisfactory	 poor	

underweight	 normal-weight	 overweight	 obesity	

50.00% 36.40% 35.10% 25.50% 

25.00% 49.10% 53.20% 51.00% 

25.00% 14.50% 11.70% 23.50% 

good	 unsatisfactory	 poor	



The non-parametric analysis and Pearson's agreement criteria prove the 

null hypothesis that in all four age groups of children, BMI and the factor "oral 

hygiene" are not in a statistically significant relationship on a qualitative basis 

(Table 8). 

 

Table 8. Pearson's criterion and level of significance in nonparametric analysis 

of the relationship between BMI and OX quality in the four age groups of 

children 

Age groups  χ² р 

7- year-olds 5,480 p>0.05 

8-year-olds 3,030 p>0.05 

9-year-olds 2,777 p>0.05 

10-year-olds 10,914 p>0.05 

 

In the group of the boys the lowest is the relative share of children with 

good oral hygiene and underweight (18.4%), followed by that of children with 

normal-weight  (29%) and overweight (32.7%). Oral hygiene is best among obese 

children (33.3%). The opposite trend is observed in the group of girls. The highest 

is the relative share of children with good oral hygiene in the category 

"underweight" (53.7%), as it decreases inversely with the increasing BMI and in 

the category "obesity" reaches 28.4%. The non-parametric analysis and Pearson's 

agreement criterion prove the null hypothesis that the distribution of the subjects 

by sex, BMI and the factor "oral hygiene" are not statistically significant in terms 

of quality χ² = 9,552 (boys); χ² = 9.203 (girls) (p> 0.05). 

 

 4.3. Study the prevalence of gingivitis throughout the sample 



 From the studied group of persons we note the presence of inflammatory 

processes of the gingiva in 43.60 ± 0.02% and 56.4 ± 0.02% without the presence 

of disease. These results are correlated with the quality of oral hygiene of the 

examined children, described in task 4.1. There is a stronger impact on the male 

sex by gingivitis, in comparison with the female (Fig. 24,25). Nonparametric 

analysis and Pearson's agreement criterion show no statistical significance of 

these differences (χ² = 4.362; p> 0.05). 

Diagram 24. . Prevalence of gingivitis in the boys' group 

          
                   Diagram 25. Prevalence of gingivitis in the girls' group 
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 4.4. Comparative analysis between the prevalence of gingivitis and 

BMI 

 The prevalence of gingivitis among children with different BMI in the 

four age groups is presented in Figures 26, 27, 28 and 29. The prevalence of 

gingivitis increases in parallel with increasing age, and it is the lowest in the group 

of 7-year-olds (29, 7%), increased significantly in the group of 8-year-olds 

(45.2%) and remained with similar levels in the group of 9-year-olds (46.7%). 

The prevalence of gingivitis is most significant in the 10-year-old group and 

reaches 54.2%. 

 Through the nonparametric analysis and Pearson's agreement criterion, it 

is proved that BMI and the factor "gingivitis" are in a statistically significant 

relationship in terms of quality in the group of 8-year-olds (p <0.05). 

 

Diagram 26. Prevalence of gingivitis among children with different BMI 

in the group of 7-year-olds 

       
 

 

 

 

underweight	 normal-weight overweight	 obesity	

29.60% 29.20% 28.20% 35.30% 

70.40% 70.80% 71.80% 64.70% 

gingivitis	 healthy	



Diagram 27. Prevalence of gingivitis among children with different BMI 

in the group of 8-year-olds 

 
     Diagram 28. Prevalence of gingivitis among children with different BMI 

in the group of 9-year-olds 

              
   Diagram 29. Prevalence of gingivitis among children with different BMI in 

the group of 10-year-olds 

  

underweight	 normal-weight	 overweight	 obesity	

31.30% 43.40% 46.50% 59.10% 

68.70% 56.60% 53.50% 40.90% 

gingivitis	 healthy	

underweight	 normal-weight	 overweight obesity	

66.70% 44.60% 50% 46% 

33.30% 55.40% 50% 54% 

gingivitis	 healthy	

underweight	 normal-weight overweight	 obesity	

42.30% 57.20% 47.60% 53.80% 

57.70% 42.80% 52.40% 46.20% 

gingivitis	 healthy	



 The relative share of people affected by gingivitis is higher in the group 

of boys (45.6%) than in girls (41.5%). This is again confirmed by poor oral 

hygiene in males. 

 Boys have the highest prevalence of gingivitis among underweight 

children (53.1%), followed by obese children (47%), and the least affected are 

overweight children (39.2%) and normal weight (46.4%). Through non-

parametric analysis and Pearson's agreement criterion, the null hypothesis is 

proved that the distribution of the subjects by sex, BMI and factor "gingivitis" are 

not in a statistically significant relationship in terms of quality χ² = 3,861 (p> 

0.05). 

 In girls, the least affected by gingivitis are those in the underweight group 

(29.3%), and this prevalence increases in parallel with an increase in BMI. In the 

group of children with normal weight their relative share is 39.4%, with 

overweight it is 47.7%, and in the group of children with obesity it reaches 50%. 

The non-parametric analysis and Pearson's agreement criterion prove the 

alternative hypothesis that the distribution of the subjects by sex, BMI and factor 

"gingivitis" is in statistically significant relationship in terms of quality χ² = 3.73 

(p <0.05). 

 These results can be explained by the relationship between the quality of 

oral hygiene and BMI in females. Task 4.1 describes an increase in the relative 

proportions of girls with unsatisfactory and poor hygiene with increasing BMI, 

although the results are not statistically significant. This trend is confirmed by 

studying the relationship between gingivitis and BMI in this group. The present 

study found a statistically significant association between body weight and 

periodontal health only in children aged 8 years. In the other age groups the 

largest is the relative share of children with poor oral hygiene in the category of 

"obesity", but these differences are without statistical significance. There is a 

strong correlation between the quality of oral hygiene and the prevalence of 

gingivitis, which confirms the plaque-dependent nature of gingivitis at this age. 



 

Task 5. Investigation of the eruption of permanent teeth of children with different 

BMI. 

 5.1. Examination of the eruption of permanent teeth in the whole 

sample 

 The average number of permanent teeth erupted in the examined sample 

was 13.26. The highest is the relative share of children with 12 permanent teeth 

29.10 ± 0.21%, followed by that of children with 10 permanent teeth 11.60 ± 

0.33%, 13 permanent teeth 8.00 ± 0.40% and 14 permanent teeth 6.10 ± 0.45%. 

The smallest group is children with 0 to 4 permanent teeth 0.2 ± 2.40% of the 

subjects. With the help of one-factor analysis of variance, a statistically 

significant difference was found between the two sexes, with a higher average 

number of erupted teeth in girls (Table 9). 

 

Table 9. Average number of permanent teeth erupted in both sexes 

 

Sex 

 

Mean 

 

SD 

 

F 

 

Sig. 

 

Boys  

 

12.72 

 

4.558 
24.334 0.000 

 

Girls  

 

13.26 

 

4.962 

 
 
5.2 Comparative analysis between the number of teeth erupted and BMI 

 

 Overweight children have on average 1.16 times more permanent teeth 

erupted than underweight children and 1.1 times more teeth than normal weight 

children (Table 10). 



 Using a non-parametric Krushkel-Wallis analysis, a statistically 

significant difference in the number of permanent teeth was found among the four 

categories of children γ2 (3) = 32,537 p = 0,000. 

 

Table 10. Average number of permanent teeth and standard teeth 

deviations in the four categories of children according to BMI 

Category  N Mean Std. Deviation 

Underweight 90 12,27 3,977 

Normal-weight 1213 12,89 4,684 

Overweight 325 14,33 4,929 

Obesity 198 14,28 5,115 

 

 

Table 11. Average number of permanent teeth erupted in the four categories 

children in the group of boys and girls 

Category  Sex N Mean 
Std. 

Deviation 

Underweight   Boys 49 11,82 3,302 

  Girls 41 12,80 4,643 

Normal-weight   Boys 611 12,29 4,493 

  Girls 602 13,49 4,799 

Overweight   Boys 153 13,78 4,551 

  Girls 172 14,82 5,207 

Obesity 
  Boys 117 13,94 4,928 

  Girls 81 14,78 5,367 
 



 There is a higher average number of erupted permanent teeth in the group 

of girls compared to the group of boys (Table 11). The Krushkel-Wallis test 

confirms the statistical dependence of these results  γ2 (3) = 13,271 p = 0,000. 

 The average number of permanent teeth erupted increases with age, and 

this number is statistically significant in relation to BMI (F (3) = 21,541 p = 

0,000). This influence is strongest in the group of 10-year-olds, as at this age and 

in the category of “overweight” the largest number of permanent teeth is reported 

(Table 12). 

 

Table 12. Average number of permanent teeth erupted in the four categories 

children in all four age groups 

Category Age N Mean 
Std. 

Deviation 

 
 

Underweight 

7-year-olds 27 9,08 2,897 

8-year-olds 16 10,94 1,389 

9-year-olds  21 12,90 2,143 

10-year-olds  26 16,13 2,924 

Normal-weight 

7-year-olds 342 9,09 2,607 

8-year-olds  281 11,47 2,203 

9-year-olds  303 14,18 3,432 

10-year-olds  285 17,40 4,718 

Overweight 

7-year-olds 71 10,10 2,355 

8-year-olds  86 12,38 2,507 

9-year-olds  86 15,27 3,954 

10-year-olds 82 19,10 5,106 

Obesity 

7-year-olds 51 9,92 2,299 

8-year-olds  45 13,49 3,174 

9-year-olds  50 14,98 4,043 

10-year-olds  52 18,71 5,224 

 



 Tooth eruption is a complex physiological process that is influenced by 

a number of common and local factors. Race, gender, socio-economic, genetic, 

hormonal factors as well as some systemic diseases are widely described in the 

scientific literature as influencing this process. As obesity has been reported to be 

associated with accelerated puberty, weight gain is also expected to affect tooth 

eruption. The present study found a positive statistically significant relationship 

between the number of permanent teeth erupted and body weight. 

These results are expected and coincide with many similar studies. The present 

study demonstrates a statistically significant relationship between gender and 

dental eruption in favor of girls. The earlier eruption of permanent teeth in this 

sex is attributed to the earlier puberty. 

 

Task 6. Study of the risk factors influencing oral health and childhood obesity 

 

 6.1 Characteristics of the family and the family environment 

 The distribution of the sample by indicator “socio-economic status of 

families by self-assessment” shows the highest relative share are those who 

indicated average socio-economic status (92%), followed by those with high 

(5.4%) and low (2.6%) social status, and 44 people did not answer this question. 

 Regarding the indicator "mother's education", with the highest relative 

share are those who have higher education (66.8%), almost twice less are those 

with secondary education (32%), the lowest is the share of respondents with 

primary education (1.2%) and 5 people did not answer this question. 

 Figure 30 presents an estimate of fathers' weight according to their BMI 

and WHO criteria, 1995. Approximately half of the respondents were overweight 

(n = 634), less than 1/3 were normal weight (n = 367), ¼ were obese (n = 340), 

and 252 people did not provide information on body weight and height. 

 

 



          Diagram 30. Category by BMI (father) 

       
              

 Diagram 31. presents the assessment of mothers' weight according to 

their BMI and WHO criteria, 1995. The respondents with normal weight (n = 

951) have the highest relative share, followed by those who are overweight (n = 

255) and underweight (n = 130), and with the least proportion are obese mothers 

(n = 94), and 168 people did not provide information on body weight and height. 

 

 

 Diagram 31. Category according to BMI (mother) 

             

underweight normal-weight overweight	 obesity	

0.40% 

27.30% 

47.10% 

25.20% 

underweight	 normal-weight	 overweight	 obesity	

9.10% 

66.50% 

17.80% 

6.60% 



 The majority of the participants in the survey (85%) indicated that they 

did not smoke at home, significantly less shared the opposite (15%), and 18 

people did not answer this question. 

 

 6.1 Oral- hygienic habits of children 

Diagrams 32 and 33 present oral-hygiene practices, their frequency and 

duration among girls and boys. When considering the oral hygiene habits of both 

sexes, a higher relative share of children who brush two or more times a day, is 

observed in the group of the girls (Fig. 32). The nonparametric analysis and 

Pearson's agreement criterion rejected the null hypothesis and proved a 

statistically significant difference in oral hygiene habits between the sexes (χ² = 

10.313; p = 0.006). 

 

               Diagram 32. Frequency of brushing teeth in both sexes 

                     
 

 When considering the factor "frequency of brushing teeth" in the four age 

groups, no significant differences were observed (χ² = 6.551; p = 0.364). 

 With the highest relative share are children who brush their teeth within 

two minutes (n = 751), and in the group of boys they have a higher percentage. 

once	a	day	 twice	a	day >twice	a	day		

35.90% 

63% 

1.10% 

28.40% 

70.20% 

1.40% 

boys girls	



The share of children who brush up to 1 minute is lower (n = 549), and the least 

are the respondents who perform hygienic procedures lasting more than two 

minutes (n = 293) (Fig. 33). In the latter group, a higher percentage of girls 

compared to boys was observed, and the nonparametric analysis and Pearson's 

agreement criterion showed no statistical significance of the observed differences 

(χ² = 2.835; p = 0.242). No age peculiarities were found in the duration of teeth 

cleaning (χ² = 2,976; p = 0,812). 

 

Diagram 33. Duration of brushing teeth in both sexes 

 
 6.3 Dental visits 

 Regarding the visits to the dentist, the majority of the respondents noted 

that the last visit was 6 months ago (boys - 76.1%; girls - 74.4%), the relative 

share of the children who visited the dentist in the last year is lower (boys - 18.3%; 

girls - 19.9%), the least are those who do not remember the period of the last visit 

(boys - 5.6%; girls - 5.7%), and 14 people did not respond. The nonparametric 

analysis and Pearson's agreement criterion ruled out the presence of statistically 

significant differences between the two sexes in the studied indicator (χ² = 0.695; 

p = 0.706). 

up	to	1	min up	to	2	min >2	min 

35.10% 

48.10% 

16.80% 

33.80% 

46.10% 

20.10% 

boys girls



 A study of the four age groups showed the highest relative share of 

children who visited a dentist in the last 6 months in the group of 7-year-olds 

(77.10%), and the lowest percentage was in 8-year-old children (71 , 9%). Among 

those who answered that they had visited a dentist in the last year, their relative 

share was the largest in the group of 8-year-olds (21.6%), followed by that in the 

group of 9-year-olds (20.9%), 10-year-olds (19.5%) and 7-year-olds (14.9%). 

 The least respondents answered that they do not remember the last dental 

visit, as their share is the highest in the group of 7-year-olds (8%), followed by 

8-year-olds (6.5%), 10-year-olds (5.1%) and 9-year-olds (2.9%). The 

nonparametric analysis and Pearson's agreement criterion proved the existence of 

a statistically significant correlation between the studied indicators (χ² = 16.969; 

p = 0.009). 

 

 6.4 Eating habits of children 

 When studying children's eating habits, it is found a high proportion of 

those who "often" consume foods such as salty snacks, chips and biscuits (boys - 

44.5%; girls - 43.2%), the highest is the relative share of those who report 

infrequent consumption of these foods (boys - 54%; girls - 55%), 1.5% - 1.8% do 

not consume them at all and 28 people did not answer this question. The 

nonparametric analysis and Pearson's agreement criterion ruled out a statistically 

significant difference between the two sexes in the studied indicator (χ² = 0.002; 

p = 0.544). The frequency of consumption of these foods increases gradually with 

age, with no statistical significance of the observed differences (χ² = 3,365; p = 

0,339). 

 Regarding the consumption of chocolate, candies and lollipops, the 

highest is the relative share of children who rarely eat sweets (n = 1006), followed 

by those who report frequent consumption (n = 420), the lowest share is of 

children who did not consume such foods (n = 163), with 9 people not answering 

this question. Girls have a higher proportion of those who eat chocolate, candy 



and lollipops often, at the expense of the percentage of those with infrequent and 

no consumption (Fig. 34). 

 

          Diagram 34. Consumption of chocolate, candies and lollipops 

in both sexes 

      
 The nonparametric analysis and Pearson's agreement criterion proved the 

lack of a statistically significant relationship between sex and consumption of 

sweets (χ² = 2,044; p = 0.360). The highest relative share of children with frequent 

consumption of chocolates, candies and lollipops is observed in the group of 7-

year-olds (29.8%), and this share decreases with age. For 8-year-olds their share 

is 26.3%, for 9-year-olds it is 25.6% and reaches the lowest values in the group 

of 10-year-olds (23.6%). In  8-year-olds the share of children who do not consume 

such foods is the lowest (6.9%), at the expense of the highest percentage of 

children with infrequent consumption (66.8%). The highest share of children who 

do not consume such foods at all is in the group of 9-year-olds (13.5%) and 10-

year-olds (13%). Nonparametric analysis and Pearson's agreement criterion prove 

the existence of a statistically significant relationship between the studied 

indicators (χ² = 17.830; p = 0.007). 

often seldom	 never	

25.10% 

63.90% 

11% 

27.80% 

62.70% 

9.50% 

boys girls



 Regarding the frequency of carbohydrate foods consumption between  

main meals, the highest is the relative share of children who report one 

intermediate meal (n = 1064), followed by the share of children with two (n = 

412) and more than two intermediate meals (n = 102), and 20 people did not 

answer this question. In the group of girls there is a higher percentage of children 

who consume sweets between main meals two or more times a day, compared to 

this percentage in the boys’ group (Fig. 35). 

 

  Diagram 35. Consumption of sweet foods between main meals 

  
 

 The nonparametric analysis and Pearson's agreement criterion prove the 

lack of statistical significance of these differences (χ² = 1.179; p = 0.555). No 

significant differences were observed in the frequency of intake of sweet foods 

between main meals in the four age groups (χ² = 9.915; p = 1.128). 

 Regarding the consumption of carbonated drinks, with the highest 

relative share are children who indicated that they didn’t consume such beverages 

(n = 944), almost twice less were those who didn’t consume daily (n = 520), the 

least of the studied children indicated daily consumption (n = 118), and 16 people 

did not give an answer (Fig. 36). 

once	a	day	 twice	a	day	 >twice	a	day		

68.60% 

25% 

6.40% 

66.10% 

27.30% 

6.60% 

boys	 girls



Diagram 36. Frequency of consumption of carbonated beverages 

in both sexes 

 
 A higher percentage of carbonated beverages consumers was observed in 

the group of girls than in boys, and the nonparametric analysis and Pearson's 

agreement criterion confirmed the statistical significance of these differences (χ² 

= 8.002; p = 0.018). 

 In terms of age, the highest relative share of children indicated that they 

do not consume such drinks at all is observed in 7-year-olds (66.7%), gradually 

decreasing in 8-year-olds (60.6%) and 9-year-olds (59.3%) and reaches the 

lowest values in 10-year-olds (50.5%), at the expense of the increasing share of 

those with daily and non-daily consumption. The nonparametric analysis and 

Pearson's agreement criterion prove the existence of statistical significance of the 

observed age features (χ² = 22.902; p = 0.001). 

 In the analysis of children's eating habits, carbonated beverages are 

included as a separate risk factor due to their high acidity, which contributes to 

their erosive effect. 

 Diagram 37 shows the consumption of sweet drinks among boys and 

girls. The largest percentage of respondents (n = 734) indicate that they drink 

only water, a smaller proportion of children (n = 664) report consumption of 

doesn't	consume doesn't	consume	daily	 consumes	daily	

56.30% 

35.50% 

8.20% 

63.30% 

30.10% 

6.60% 

boys girls



sweetened beverages once a day, significantly fewer are those with more frequent 

consumption - twice (n = 120) and more than twice a day (n = 65), and 15 people 

did not answer this question. In the group of children who drink only water, the 

relative share of girls is higher than that of boys, which is due to a lower 

percentage of females with consumption once and more than twice a day 

(diagram .37). 

 

Diagram 37. Consumption of sweet drinks 

 
 

 The nonparametric analysis and Pearson's agreement criterion proved a 

statistically significant relationship between the frequency of consumption of 

sweetened drinks and sex (χ² = 15.268; p = 0.002). No statistically significant age 

differences were observed in the consumption of sweet drinks (χ² = 14.940; p = 

0.093). 

 Regarding the consumption of dairy products, the highest is the relative 

share of children who report “not consuming milk daily” (boys - 50.1%; girls - 

51.2%), followed by the share of children who “do not consume” (boys - 27.3%; 

girls - 27.3%) and those with daily consumption (boys - 22.6%; girls - 21.5%), 

and 14 people did not answer this question. 

once	a	day	 twice	a	day	 >twice	a	day		 drinks	only	
water	

46.20% 

7.60% 4.40% 

41.80% 
37.40% 

7.60% 
3.80% 

51.20% 

boys	 girls	



 The nonparametric analysis and Pearson's agreement criterion showed no 

statistically significant relationship between sex and milk consumption (χ² = 

0.294; p = 0.863). No age peculiarities were observed according to the studied 

indicator (χ² = 3.449; p = 0.751). 

 The frequency of milk consumption is considered as a protective factor 

against caries and tooth erosion, contributing to the construction of resistant 

structures. 

 In terms of consumption of fresh fruit and citrus, the highest is the 

relative share of children, with a frequency of once a day (boys - 47%; girls - 

48.7%), followed by the share of children without daily consumption (boys - 

29.7%; girls - 27.4%), with consumption 2-3 times a day (boys - 17.3%; girls - 

17.4%), those who do not consume at all (boys - 3.3%; girls - 3.9 %), and the 

share of those with more than three consumptions per day is the smallest (boys - 

2.7%; girls - 2.6%). The nonparametric analysis and Pearson's agreement 

criterion showed a lack of statistically significant relationship between sex and 

consumption of fresh fruit (χ² = 1,440; p = 0.828), as well as between age and 

consumption (χ² = 11.351; p = 0.499). 

 Consumption of fresh fruit and citrus fruits is considered a major risk 

factor for the occurrence of dental erosions in children. 

 

 6.1 Physical activity, sports and entertainment for children 

 Approximately 2/3 of the surveyed children (n = 1110) reported watching 

TV or playing computer games for up to two hours a day, while the rest (n = 460) 

spent more than 2 hours in these activities, and 28 people did not respond to the 

question. There is a higher relative share of girls with a duration of these activities 

of up to two hours per day, compared to boys (Fig. 38). Pearson's nonparametric 

analysis and agreement criterion demonstrated a statistically significant 

relationship between television viewing time and computer games and sex (χ² = 

5.941; p = 0.009). 



Diagram 38. Duration of watching TV and computer games for both sexes 

 
 

 In terms of age, there is a clear trend to increase the share of children who 

spend more than 2 hours a day in such passive activities, as in 7-year-olds it is 

19.6%, in 8 and 9-year-olds it is 29 .9%, and in 10-year-olds it is 39.6%. The 

nonparametric analysis and Pearson's agreement criterion proved to have a strong 

statistically significant relationship between the studied indicators (χ² = 38.702; 

p = 0.000). 

 There are regular differences in the frequency of consumption of salty 

snacks, sweet foods and beverages and soft drinks by children spending different 

time in front of TV screens. There is a higher relative share of those who often 

consume salty snacks in the group of children with a duration of watching TV 

over 2 hours a day (98.9%), compared to those who watch TV up to 2 hours a day 

(97.1%). The nonparametric analysis and Pearson's agreement criterion proved 

the existence of a statistically significant relationship between the studied 

indicators (χ² = 4,473; p = 0,034). 

 In the group of children with a duration of watching TV up to 2 hours, a 

lower relative share of those who often consume sweet foods was found (22.6%). 

In the same group the share of the respondents is higher with rare (66.8%) and 

up	to	2	hours	a	day	 >2	hours	a	day		

68% 

32% 

73.60% 

26.40% 

boys	 girls	



missing consumption (10.6%). In comparison, in the group of children who spend 

more than 2 hours a day in front of the TV, 36.5% are frequently consumed, 

54.9% are infrequently consumed and 8.6% report that they do not consume 

chocolate, sweets and lollipops. The nonparametric analysis and Pearson's 

agreement criterion proved the existence of a statistically significant relationship 

between the studied indicators (χ² = 31,847; p = 0,000). 

 There is a higher relative share of respondents who indicate that they do 

not consume carbonated beverages at all (62.7%) and a lower share of those with 

infrequent (31.8%) and daily consumption (5.5%), in children who watch TV for 

up to 2 hours a day. Among children who watch TV more than 2 hours a day, 

these shares are 52%, 35.7% and 12.3%, respectively. The non-parametric 

analysis and Pearson's agreement criterion prove the existence of a statistically 

significant relationship between the studied indicators. (χ² = 28.897; p = 0.000). 

 There is a higher relative share of those who drink only water (48.1%), 

as well as those who consume sweet drinks up to once a day (43.8%), in the group 

of children with a duration of watching TV up to 2 hours. For children with a 

duration of watching TV over 2 hours a day, these shares are 42% and 37.7%, 

respectively, at the expense of the higher relative share of children with frequent 

consumption. The nonparametric analysis and Pearson's agreement criterion 

proved the existence of a statistically significant relationship between the studied 

indicators (χ² = 46,680; p = 0.000). 

 The majority of respondents (n = 1156) indicate that they practice sports. 

There are twice as many children without sports activities (n = 424), and 18 

people did not indicate an answer. There is a higher relative share of children 

practicing sports in the group of boys compared to girls (Fig. 39). The 

nonparametric analysis and Pearson's agreement criterion prove the existence of 

statistical significance of the described differences (χ² = 11,959; p = 0,000).  

 

 



Diagram 39. Practicing sports for both sexes 

 
  

 In terms of age, the highest share of children who exercise is among the 

group of 8-year-olds (77.8%), followed by 7-year-olds (73.7%) and 9-year-olds 

(72.2%), and the lowest share is among 10-year-olds (68.9%). Nonparametric 

analysis and Pearson's agreement criterion showed a statistically significant 

correlation between age and sports performance (χ² = 7.833; p = 0.05). 

 

 6.1 Comparative analysis between major risk factors, BMI and oral 

health 

 6.1.1 Comparative analysis between BMI and family factors 

 

 • Socio-economic status (SIS) 

 There is the highest share of families with low socio-economic status 

(SIS) in category "obesity" and the highest share of those with high SIS in the 

category "underweight" (Figure 40), but the results are very similar and have no 

statistical significance (χ² = 3.486; p = 0.746). 
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Diagram 40. Socio-economic status of the family among the four categories of 

children 

 
 According to the official report of the commission "Ending childhood 

obesity" in high and middle income countries, the most affected by childhood 

obesity are people with low social status, while in low and middle income 

countries there are opposite trends. In developing countries such as India, China 

and Russia, the opposite trend is observed. There, children from families with 

medium and high social status are exposed to more abundant food such as highly 

processed cereals, foods rich in fat and confectionery. It can be assumed that 

similar laws are in force in Bulgaria. The current study covers children only from 

the city of Plovdiv, with families with average socio-economic self-assessment 

status predominating. It is likely that the study of the relationship between body 

weight and social status in other demographic regions of Bulgaria will show 

different results. 

 

 • Education of the mother 

 The relative share of mothers with higher education predominates in the 

four categories of children, with a slight predominance of their percentage in the 

group of overweight children. In the category "obesity" is the lowest share of 

mothers with higher education, but a higher ratio of those with secondary and 

underweight	 normal-weight	 overweight	 obesity	

1.30% 2.70% 1.80% 4.10% 

92% 92.30% 91.90% 90.10% 

7% 5.00% 6.30% 5.80% 
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primary education (Fig. 41). Nonparametric analysis and Pearson's agreement 

criterion show no statistically significant relationship between the studied 

indicators (χ² = 3,001; p = 0.809) 

 

Diagram 41. Education of the mother among the four 

categories of children according to BMI 

 
 

 • BMI of the mother and father 

 

 The relative share of underweight fathers is very low and varies between 

0% and 1.5%. The share of fathers with normal weight is highest in children with 

underweight, and it decreases significantly in children with normal-weight, 

overweight and obesity. At the same time, the share of fathers with overweight 

and obesity in the categories of the same name among children is increasing (Fig. 

42). Pearson's nonparametric analysis and agreement criterion demonstrated a 

strong statistically significant relationship between father and child BMI (χ² = 

73.402; p = 0.000). 
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Diagram 42. Father's weight in the four categories 

children according to BMI 

 
 

Diagram 43. Mother's weight in the four categories 

children according to BMI 

 
 

 The relative share of mothers with underweight and normal-weight of 

children with the same weight is the highest, as this share decreases significantly 

in overweight and obese children (Fig. 43). Pearson's nonparametric analysis and 
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agreement criterion demonstrated a strong statistically significant relationship 

between maternal and child BMI (χ² = 75.533; p = 0.000). 

 Numerous studies confirm the link between obesity of parents and the 

weight of their children. According to the WHO's Ending Childhood Obesity 

report, the risk of obesity can be passed down through generations as a result of 

behavioral and / or biological factors. 

 

 • Smoking at home 

 The highest ratio of children exposed to cigarette smoke is observed in 

the category "obesity", followed by that in "normal-weight" and "overweight" 

group. This share is the lowest in underweight children (Fig. 44). The 

nonparametric analysis and Pearson's agreement criterion proved the existence of 

a statistically significant relationship between the studied indicators (χ² = 12,393; 

p = 0.006). 

     Diagram 44. Smoking at home in the four categories 

children according to BMI 

     
 To check whether there is a difference in the intensity of caries in the four 

categories of children, depending on whether they are exposed to cigarette smoke 

at home, a two-way analysis of variance is performed. There was no statistically 

underweight	 normal-weight	 overweight	 obesity	
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significant effect of interaction between the two factors F (1.1563) = 0.190 p = 

0.663. There is a statistically significant influence of the two factors separately 

with the magnitude of the effect: for the factor "smoking at home" F (1,1563) = 

13,689 p = 0,000 eta = 0.3, which according to Cohen is the average magnitude 

of the effect; for the “category” factor according to BMI F (1,1563) = 4,331 p = 

0.038 eta = 0.17, which according to Cohen is a small effect size. 

 A meta-analysis of studies looking at the link between caries 

development and exposure to cigarette smoke showed the following results: 

maternal smoking during pregnancy was associated with an increased risk of 

caries in the child's primary dentition (OR = 1.46, 95% CI of 1.41– 1.52), 

maternal smoking postnatally with primary tooth decay (OR = 1.72, 95% CI 

1.45–2.05), and postnatal exposure to cigarette smoke with permanent tooth 

decay (OR = 1.30, 95% CI 1.25–1.34) . 

 

 6.1.1 Comparative analysis between BMI and oral hygiene habits 

 

Diagram 45. Frequency of tooth brushing among children with different BMI 
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 When considering the frequency of tooth brushing  of children with 

different BMI, the highest relative share of those who brush twice a day is in the 

group of overweight (n = 195), followed by that in the group of underweight (n= 

53) and normal weight (n = 706). The lowest share of children with this frequency 

is in the category "obesity" (n = 106), where the highest share of children who 

clean once a day is established (n =67 )(Fig. 45). 

Due to the clear trend of increasing the percentage of respondents who 

brush their teeth once a day with an increase in BMI, an additional analysis of the 

results is performed, related to data aggregation and grouping of children in two 

groups - those with excess weight (overweight and obesity) and without excess 

weight (underweight and normal weight). The non-parametric analysis shows that 

children with weight deviation (overweight and obesity) in the group of girls have 

a higher relative share of brushing their teeth once a day, compared to this share 

in children with normal weight (χ² = 7.254; p = 0.019). 

 

Diagram 46. Duration of tooth brushing in children with different BMI 

 
The highest relative share of children who brush their teeth within 2 

minutes is observed in the category “underweight” (n = 39), as this share 

decreases in the category “overweight” (n = 136) and “normal weight”. (n = 507) 

and reached the lowest values in the group of obese children (n = 68). The latter 
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have the highest relative share of children who brush up to 1 minute (n = 74). 

Regarding children who perform oral hygiene procedures for more than 2 

minutes, their relative share is the highest in the overweight group (n = 59), 

followed by that in obesity (n = 32), normal-weight (n = 189) and underweight (n 

= 13) (Fig. 46). 

 When combining the studied children into two groups, those with and 

without excess weight, nonparametric analysis and Pearson's agreement criterion 

showed a statistically significant relationship between the duration of tooth 

brushing and BMI (χ² = 6,339; p = 0,042). 

 A number of authors describe the presence of behavioral characteristics 

in overweight and obese children, which are associated with emotional problems 

and low self-esteem, leading to neglect of their general health and  hygiene habits 

in particular. 

 

 6.1.1 Comparative analysis between BMI and dental visits 

 The highest relative share of children who visited a dentist in the last 6 

months was observed in the category “overweight” (n = 221), followed by that in 

the categories “underweight” (n = 57) and “normal weight” (n = 804). This share 

is lowest in obese children (n = 109), where the highest percentage of dental visits 

in the last year (n = 47) and those who do not remember the last visit is observed 

(n = 15 ) (Fig.47.). Nonparametric analysis and Pearson's agreement criterion 

proved the presence of a statistically significant correlation between the studied 

indicators (χ² = 17,160; p = 0.009). 

 The present analysis shows more irregular visits to the dentist among 

obese children, which confirms the close link between general and oral health, as 

well as the above-described neglected oral hygiene in children with high BMI 

values. 

  

 



               Diagram 47. Last dental visits among children with different BMI 

 
 

 In order to assess whether family environmental factors, oral hygiene 

habits, frequency of dental visits, behavioral factors, BMI and PLI have a 

combined effect and statistically significantly predict the presence of gingivitis, 

a logistic regression was constructed.  

 When the factors are considered simultaneously, they statistically and 

significantly predict the occurrence of gingivitis χ² = 478,863 df = 12 p = 0,000. 

The model explains between 27% (Cox & Snell) and 36% (Nagelkerke) of the 

dispersion of “gingivitis” and correctly classifies 73% of the observations. Wald's 

criterion shows that the independent variables "age", "PLI", "duration of 

brushing" significantly affect the occurrence of inflammatory disease in the 

gingiva, as the value of their regression coefficients are given in Table 13. Sex, 

BMI, social -economic status, education of the mother, the frequency of tooth 

brushing, dental visits and the duration of watching television do not have a 

statistically significant impact on the prognosis for gingivitis (Table 13). 
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Table 13. Regression coefficient, level of significance and confidence interval of 

the factors that predict the occurrence of gingivitis 

 B df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

 Sex  -.087 1 .487 .917 .717 1.172 

Age  -.311 1 .000 .733 .672 .798 

PLI -

1.950 
1 .000 .142 .114 .178 

Category (BMI) -.075 1 .272 .928 .812 1.060 

SIS -.135 1 .540 .874 .568 1.345 

Education.mother .200 1 .119 1.221 .950 1.570 

Frequence of brushing  -.156 1 .227 .855 .664 1.102 

Duration of brushing  -.216 1 .017 .806 .676 .962 

 Last dental visit  -.017 1 .875 .983 .790 1.222 

TV, videogames, computers  -.037 1 .789 .964 .734 1.265 

Constant 
7.657 1 .000 

2114.8

86 
  

 

 Based on the proven influence of age and oral hygiene on the occurrence 

of gingivitis, it can be assumed that in the younger age group of children there is 

a stronger influence of parental control on the quality and regular performance of 

oral hygiene procedures. With increasing age and independence of children more 



neglect oral hygiene practices can be expected in those who are overweight, given 

their general psychological profile. 

 

 6.6.4. Comparative analysis between BMI and eating habits 

 The highest relative share of children with infrequent consumption of 

these foods is found in the category "overweight" (n = 151), and the lowest is 

among children with obesity (n = 81) (Fig. 48). The nonparametric analysis and 

Pearson's agreement criterion showed no statistically significant relationship 

between the studied indicators (χ² = 1.440; p = 0.696). 
 

               Diagram 48. Consumption of chips, salty snacks and biscuits among 

children with different BMI 

               
 • Consumption of sweets 

 The highest relative share of children with infrequent consumption of 

sweets is observed in the category "overweight" (n = 180), and the lowest is their 

share in the category "obesity" (n = 102). The highest percentage of respondents 

answered that they do not consume such foods is observed in the category 

"underweight" (n = 10), and the least in the category "normal weight" (n = 104) 

(Fig. 49). 
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   Diagram 49. Consumption of chocolate, candies and lollipops in children 

with different BMI 

 
 The nonparametric analysis and Pearson's agreement criterion proved the 

absence of a statistically significant relationship between the studied indicators 

(χ² = 3.933; p = 0.686). 

  

Diagram 50. Frequency of consumption of sweet foods between main meals 

among children with different BMI 
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 The highest relative share of children with the frequency of consumption 

of sweet foods outside the main meals once a day is observed in the category 

“underweight” (n = 52) and “overweight” (n = 189), as this share decreases in 

children with normal-weight (n = 710) and obesity (n = 112). In the last category, 

the highest relative share of children with consumption more than twice a day 

between the main meals is observed (n = 16) (Fig. 50). 

 Nonparametric analysis and Pearson's agreement criterion showed no 

statistical significance of the observed differences (χ² = 4.661; p = 0.588). 

 

Diagram 51. Frequency of consumption of sweet drinks in children with 

different BMI 

   

The highest relative share of children who drink only water in the category 

"normal weight" (n = 506) is established, followed by this share in the category 

"overweight" (n = 127), and in "obesity" (n = 71) and “underweight” (n = 30) it 

decreases at the expense of the increasing percentage of children who drink sweet 

drinks once a day. The least are the children with consumption of such drinks two 

or more times a day, and their relative share is the highest in the category of 

"underweight" and "obesity" (Fig. 51). The nonparametric analysis and Pearson's 
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agreement criterion showed no statistically significant relationship between the 

study parameters (χ² = 12.890; p = 0.168). 

The highest relative share of children who do not consume carbonated 

beverages at all is found in the category “normal-weight” (n = 655) and 

“underweight” (n = 44). This share decreases, at the expense of the increasing 

share of the respondents with lack of daily consumption in the category 

“overweight” (n = 108) and “obesity” (n = 61). Of those who answered that they 

consume such drinks on a daily basis, their share is the highest among children 

with underweight (n = 7) and obesity (n = 17) (Fig. 52). The nonparametric 

analysis and Pearson's agreement criterion proved the existence of a statistically 

significant relationship between the studied indicators (χ² = 7.294; p = 0.026). 

 

Diagram 52. Frequency of consumption of carbonated beverages in children 

with different BMI 

 
In order to check the combined influence between the factors "category" 

according to BMI and "frequency of consumption of carbonated beverages" on 

the intensity of dental caries of permanent dentition, a one-dimensional two-

factor analysis of variance is performed. There is a statistically significant effect 

of the interaction of the above factors on the intensity of dental caries: F (6,1557) 
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= 2,791 p = 0,011 eta = 0,33, which according to Cohen is the average size of the 

effect. 

The frequency of intake of salty snacks, low-carbohydrate foods is studied 

in order to establish their effect on the BMI of children and on the development 

of dental caries. It is believed that these common etiological factors of the diet 

underlie the relationship between the two diseases. There is no unambiguous 

evidence in the scientific literature linking sugar consumption and childhood 

obesity. The role of soft drinks and those with added sugar in the development of 

childhood obesity is indisputable and is confirmed by numerous studies 

examining this link. 

The highest share of children with consumption of fresh fruit and citrus 

fruits once a day is found in the category "underweight" (n = 46), followed by 

this share in "overweight" (n = 138), "normal weight" (n = 501) and “obesity” (n 

= 73). The highest proportion of respondents who consume twice and more than 

twice a day is found among overweight and obese children (Fig. 53). The 

nonparametric analysis proved the absence of a statistically significant 

relationship between the research indicators (χ² = 10.026; p = 0.124). 

Diagram 53. Frequency of consumption of fresh fruit in children with different 

BMI 
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 The nonparametric analysis and Pearson's agreement criterion found no 

statistically significant relationship between BMI, the spread of erosions, and the 

consumption of fresh and carbonated beverages (p> 0.05). 

       Diagram 54. Frequency of milk consumption in children with different BMI 

  
The highest relative share of respondents, stating that they do not consume 

milk daily is found among obese children (n = 95), followed by this share in 

children with underweight (n = 41), normal-weight (n = 542) and overweight (n 

= 123). In the group of overweight children, the highest share of respondents with 

no consumption (n = 84) and with daily milk consumption (n = 69) was observed 

at the same time (Fig. 54). The nonparametric analysis and Pearson's agreement 

criterion showed no statistically significant correlation between the studied 

indicators (χ² = 7.105; p = 0.311). 

Milk plays an important role in the diet of children and adolescents. It is 

rich in protein, Ca, vit.B12, riboflavin and iodine, is a source of potassium, 

phosphorus and vit.B5. The data in the scientific literature on the influence of 

milk and dairy products on BMI are not unambiguous, but most show a missing 

or reverse association between them. 

In order to establish the linear combination between the above-described 

risk factors related to oral hygiene, eating habits, family environment, BMI 
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category, sex and caries prevalence, a linear regression analysis is performed.  

 

Table 14. Regression coefficient, level of significance and confidence interval of 

the factors that predict the frequency of caries of the permanent dentition 

Model 

 Unstandardized 

coefficient  Sig. 

95.0% Confidence 

interval for B 

B 

Std. 

Error  

Lower 

Bound  

Upper 

Bound 

1 (Constant) 1.831 .623 .003 .609 3.052 

Sex .135 .086 .117 -.034 .304 

Age  .256 .030 .000 .197 .314 

Category (ИТМ) .123 .058 .035 .009 .237 

SIS .311 .153 .041 .012 .611 

Education of the mother  -.303 .089 .001 -.479 -.128 

 BMI father  -.042 .065 .514 -.170 .085 

Oral hygiene (PLI) .329 .065 .000 .202 .456 

Frequency of brushing  -.058 .089 .515 -.232 .116 

Last dental visit  -.251 .076 .001 -.399 -.103 

Smoking at home  -.331 .124 .008 -.573 -.088 

TV and comp.games  .055 .100 .582 -.141 .251 

Consumption of carbonated drinks  .240 .071 .001 .100 .380 

Consumption of chocolate, candies .067 .078 .393 -.087 .221 

Consumption of sweets between  main 

meals  
-.018 .074 .809 -.164 .128 

Consumption of salty snacks  -.238 .280 .394 -.787 .310 



Table 15. Regression coefficient, level of significance and confidence interval of 

the factors that predict the occurrence of dental erosion 

 B df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower 

Bound Upper Bound 

Step 

1a 

Sex .495 1 .000 1.641 1.273 2.115 

Age -.261 1 .000 .770 .708 .837 

Category (BMI) -.102 1 .226 .903 .765 1.065 

Oral hygiene (PLI) -.125 1 .179 .883 .736 1.059 

Frequency.brushing -.193 1 .146 .825 .636 1.069 

Consump.Citrus juices .020 1 .803 1.020 .873 1.192 

Consump. Carbonated 

drinks 
-.318 1 .001 .727 .600 .881 

Milk.consumption -.140 1 .135 .869 .724 1.044 

Constant 4.068 1 .000 58.452   

 

 In order to determine whether the factors: age, sex, BMI, oral hygiene, 

consumption of citrus and fresh juices, carbonated beverages and milk have a 

combined effect and predict the presence of dental erosion, a logistic regression 

was constructed. When the factors are reported simultaneously, they statistically 

and significantly predict the occurrence of erosions χ² = 79,426 df = 8 p = 0,000. 

The model explains between 6% (Cox & Snell) and 9% (Nagelkerke) of the 

erosion dispersion and correctly classifies 73% of the observations. Wald's test 

shows that the independent variables sex, age and consumption of carbonated 

beverages significantly affect the occurrence of erosive abrasion, the value of 

their regression coefficients are given in Table 15.  



 There is no statistically significant relationship between overweight and 

obesity and tooth erosion, although they share a common etiological factor, 

namely the frequent consumption of carbonated beverages . This relationship is 

likely to occur in older children and adolescents with increasing duration of 

exposure to common etiological factors and increasing frequency of dental 

erosions. Future longitudinal studies in children in different age groups are 

needed. 

 

 6.1.1 Comparative analysis between BMI and practicing sports and 

other recreational activities 

 

     Diagram 55. Duration of watching TV for children with different BMI 

 
Children have the highest relative share, with a duration of watching TV 

and sedentary activities with electronic devices up to 2 hours a day, and the 

highest percentage of them is among children of normal weight (n = 762), 

followed by children with obesity (n = 121), underweight (n = 50) and overweight 

(n = 176). The highest share of children with duration of these activities over 2 

hours per day is found in the category "overweight" (n = 97) (Fig. 55). The 

nonparametric analysis and Pearson's agreement criterion proved the existence of 
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a statistically significant relationship between the studied indicators (χ² = 7.795; 

p = 0.05). 

                 Diagram 56. Practicing sports for children with different BMI 

 
 

 The highest relative share of respondents who indicated that they practiced 

spots was found in the group of children with normal weight (n = 797), followed 

by that in children with overweight (n = 199), underweight 51) and obesity (n = 

109). The last category shows the highest share of children who do not practice 

sports (n = 63) (Fig. 56). The nonparametric analysis and Pearson's agreement 

criterion proved the existence of a statistically significant correlation between the 

studied indicators (χ² = 13.038; p = 0.005). 

The present study found a lower but similar proportion of respondents with 

no physical exercise in the “overweight” category compared to the “normal 

weight” category. This may be due to the inclusion of children with weight 

abnormalities in various rehabilitation programs that increase their physical 

activity and aim to reduce weight loss. 

 Interestingly, the current study found a higher proportion of children who 

played sports in the boys' group, while they were statistically and significantly 

more affected by obesity than females. 
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CONCLUSIONS 

 

 1. The prevalence of overweight and obesity among the studied children 

aged 7-10 years in the city of Plovdiv is high, with boys being more affected by 

obesity than girls. 

 2. Children with increased body weight are at increased risk of caries, 

and girls with increased BMI are more affected by caries of the permanent 

dentition. 

 3. BMI does not affect the spread of tooth erosion. 

 4. The quality of oral hygiene in neither age group, nor in either sex has 

an independent effect on BMI. 

 5. Girls who are overweight and obese are more affected by gingivitis, 

without this being linked to oral hygiene. 

 6. Overweight children of both sexes have accelerated tooth eruption. 

 7. The socio-economic status, the mother's education, smoking at home 

and the frequency of dental visits have a combined effect on both the body weight 

and the prevalence of caries of permanent teeth. 

 8. BMI of mother and father are risk factors for overweight and obesity 

in children. 

  9.Eating habits, with the exception of the consumption of carbonated 

beverages, do not affect overweight and obesity and the prevalence of caries in 

the permanent dentition in these children. 

 10. The duration of television watching and activities with electronic 

devices has a significant impact on children's eating habits and increases the risk 

of overweight and obesity. 

 11. Practicing sports reduces the risk of developing overweight and 

obesity in children. 

 

 



CONTRIBUTIONS 

 

Contributions of original character. 

 1. For the first time in the country the frequency of dental caries in 7-10-

year-old-children with underweight, normal-weight, overweight and obesity is 

studied and compared 

 2. For the first time in the country the frequency of dental erosions among 

7-10-year-old-children of different weight is studied and compared. 

 3. For the first time in the country oral hygiene and the prevalence of 

gingivitis among 7-10-year-old-children of different weights, are studied. 

 4. For the first time in the country the eruption of the permanent teeth of 

children of different weight is studied. 

 5. For the first time in the country social, family, oral-hygienic and 

nutritional factors and their combined influence on the oral health of 7-10 year-

old-children of different body weight are studied. 

Contributions of a confirmatory nature 

 1. The high epidemic of overweight and childhood obesity in Plovdiv is 

proven 

 2. The higher epidemic of dental caries of permanent dentition in children 

with overweight and obesity has been proven. 

 3. Accelerated dental eruption has been demonstrated in overweight and 

obese children  

 4. The presence of common risk factors in the development of overweight 

and obesity in childhood and oral diseases in them is proved. 
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