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ABSTRACT 

Caries risk assessment is an essential element of diagnosis, constituting a basis for evidence-based treatment 

planning. The aim of the present study was to compare and order the predictive power of each caries risk factor 

in the Cariogram for the carious lesions of permanent teeth in schoolchildren. Material and methods: The 

cross-sectional, clinical and microbiological study included 533 children (50.47% males and 49.53% females) 

aged 7-10 years, who were assessed for caries risk factors required by the Cariogram. Further on, multiple 

regression analysis was used to compare and order the predictive power of Cariogram factors. Results: The 

ANOVA regression model showed that for predictors considered, the significance threshold was lower than 

0.05, meaning that the model is efficient in predicting the values of the DMFS dependent variable. According to 

this model, the most significant predictors for the DMFS dependent variable, ordered decreasing by the 

predictive power, were the number of Streptococcus mutans on the mesial surface of 1.6; dmfs index on the 

mesial / distal surfaces; dmfs index on the occlusal surfaces and dmfs index on the mandibular molars, while the 

less significant predictors were salivary buffer capacity and dmfs index on the mandibular canines. Conclusion: 

The number of Streptococcus mutans on the proximal surfaces of first permanent molars and the caries index on 

the proximal surfaces of temporary teeth are the strongest predictors of carious lesions on permanent teeth 

among the studied schoolchildren. 
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INTRODUCTION 

Dental caries is a multifactorial disease 

caused by interactions between acidogenic 

bacteria, biofilm and individual caries risk 

factors (e.g., saliva composition, fluoride 

exposure and dietary components) (1). 

Despite the great strides made in caries 

control in developed countries, caries 

remains the most common chronic childhood 

disease and a major financial burden on 

society (2). Recently, the concept of caries 

management has changed and focuses 

mainly on the multifaceted nature of caries 

and biofilm involvement. Currently, success 

in preventing and managing caries lies with 

altering the complex dental biofilm, 

changing the oral factors to favour health 

(3). As dentistry moves towards earlier 

detection of lesions and a more preventive 

rather than restorative approach, it is 

essential to improve the predictive values of 

new screening and diagnostic methods (4). 

Caries risk assessment is an essential 

element of diagnosis, constituting a basis for 
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evidence-based treatment planning (5, 6). 

Considerable efforts in past decades have 

identified multiple caries risk factors, 

indicators, and protective factors. 

Multifactorial modeling has been used to 

increase risk assessment accuracy; however, 

few models have met the requirement for a 

useful model (7). A computerized program, 

Cariogram, has been developed (Bratthall, 

1996) to streamline the caries risk 

assessment process, with multiple weighed 

factors and interactions (8). It is based on 

nine caries-related risk factors, along with 

physician judgment, and has been validated 

in preschool children, schoolchildren, young 

adults, and the elderly (3). 

The purpose of the present study was to 

compare and order the predictive power of 

each caries risk factor in the Cariogram for 

the carious lesions of permanent teeth in 

schoolchildren. 

 

MATERIAL AND METHODS 

The cross-sectional, clinical and 

microbiological study included 533 children 

(50.47% males and 49.53% females). The 

following criteria were considered for the 

selection of the study sample: children aged 

7 to10 years; children attending schools in 

various districts of Iasi town; schools in 

which a dental office was available.  The 

sample was selected using the probabilistic 

method. Clinical examinations were 

performed in the dental offices of the 

selected schools. 

Assessment of caries risk factors required 

by the Cariogram included: caries 

experience (by calculating the DMF caries 

experience indices on temporary and 

permanent teeth), general diseases, food 

(content and frequency of carbohydrates 

consumption), bacterial plaque (Silness-Löe 

index), nr. of Streptococcus mutans (on 

dental surfaces – mesial and occlusal 

surfaces of 1.6 and 3.6, and in saliva), 

fluoridation program, stimulated salivary 

secretion rate, saliva buffer capacity. Based 

on these assessments, the individual caries 

risk was calculated, by computerized data 

analysis and cariograms using the program 

available on the Internet (9). The following 

methods were used: clinical examination 

(performed under the conditions of a regular 

dental office, using the mirror and dental 

probe and artificial light of the dental unit), 

questionnaire recording food consumption 

over a period of 4 days, Dentocult ® SM 

Strip mutans (Orion Diagnostica Oy) for 

microbiological evaluations and Saliva-

Check Buffer (GC) test for salivary 

assessments, according to the directions 

provided by the producers. 

Children participation in the study was 

conditioned by parental written consent. 

Children also had the opportunity to accept 

or refuse participation. 

Data privacy as well as the impossible 

identification of subjects in the case the 

results are published were guaranteed. 

SPSS 20.0 was used for the statistical 

analysis of data. The statistical significance 

threshold p was set at 0.05. Multiple 

regression analysis was used to compare and 

order the predictive power of Cariogram 

factors. 

 

RESULTS 

For a more in-depth analysis, the 

prediction model was developed including 

indices of caries experience on temporary 

teeth (on groups of teeth and dental 

surfaces). 

We established as the dependent variable 

the caries experience in permanent dentition, 

represented by the DMFS index, and the 

following variables as predictors: 

carbohydrates content of diet, frequency of 

carbohydrates consumption, oral hygiene 
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(amount of bacterial plaque), number of 

Streptococcus mutans on dental surfaces 

(mesial surface of 1.6, mesial surface of 3.6, 

occlusal surface of 1.6, occlusal surface of 

3.6), number of Streptococcus mutans in 

saliva, fluoridation program, stimulated 

salivary flow rate, salivary buffer capacity, 

dmfs index, dmfs index on the maxillary 

molars, dmfs index on the maxillary canines, 

dmfs index on the mandibular molars, dmfs 

index on the mandibular canines, dmfs index 

on the occlusal surfaces, dmfs index on the 

mesial / distal surfaces, dmfs index on the 

vestibular / oral surfaces. 

The ANOVA regression model shows 

that for these predictors, the significance 

threshold is lower than 0.05 (Table 1), which 

means that the model is efficient in 

predicting the values of the DMFS 

dependent variable. 

 

Table 1. Results of ANOVA test on model efficiency in caries prediction on permanent teeth 

Model  Sum of squares  df Mean square F p 

Regression  710.258 21 33.822 23.815 0.000 

Residues 467.252 329 1.420   

Total  1177.510 350    

 

Analyze of model summary (Table 2) 

shows that R 2 = 0.603, which means that 

60.3% of the variation of the dependent 

variable DMFS is explained by the model. 

 

Table 2. Model summary 

R R 
2
  R 

2
  adjusted Standard error of estimation 

0.777 0.603 0.578 1.192 

 

According to this model, the significant 

predictors for the DMFS dependent variable, 

ordered decreasing by the predictive power, 

are (Table 3): the number of Streptococcus 

mutans on the mesial surface of 1.6; dmfs 

index on the mesial / distal surfaces; dmfs 

index on the occlusal surfaces; dmfs index 

on the mandibular molars; the number of 

Streptococcus mutans on the mesial surface 

of 3.6; dmfs index on the maxillary molars; 

dmfs index on the vestibular / oral surfaces; 

the number of Streptococcus mutans on the 

occlusal surface of 3.6; dmfs index on the 

maxillary canines; stimulated salivary flow 

rate; the number of Streptococcus mutans on 

the occlusal surface of 1.6; fluoridation 

program; salivary buffer capacity; dmfs 

index on the mandibular canines. 

 

DISCUSSION 

The occurence of oral diseases is the 

result of the complex interaction of the 

etiological factors and of a number of risk 

factors, modulated by means of protective 

factors. 

Highlighting the risk factors allows the 

identification of the elements that act in the 

sense of deteriorating oral health status, 

which makes it possible, furthermore, to 

establish the measures designed to eliminate 

the action of these factors. 
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Although the link between sugar intake 

and dental caries has long been 

demonstrated, current conditions make this 

link no longer so obvious. A study 

conducted in the UK by the Nutrition 

Foundation showed that the significant 

decline in dental caries level in school-age 

children in Western European countries is 

due to increased fluoride exposure and 

improved oral hygiene, as consumption of 

sugar remained practically the same (10). 

Moreover, many of the studies conducted in 

the last 10 years have not longer found a 

significant association between sugar 

consumption and oral health, a fact also 

highlighted in the present study, following 

the analysis of multiple regression, which 

showed that the frequency of carbohydrates 

consumption and their quantity are in the last 

places in terms of the predictive power for 

caries on permanent teeth. 

In addition, the analysis of this 

correlation is complicated by the multiple 

facets of sugar consumption, such as total 

amount consumed, frequency of ingestion, 

consumption between meals or during 

meals, variable amount of sugar in foods, 

possible interactions between sugar and 

starch, as well as the physical form in which 

the sugar is consumed (11). 

 

Table 3. Results of statistical analysis evaluating the relative importance of predictors for 

carious lesions on permanent teeth 

 

Predictors 

Non-standardized 

coefficients 

Standardized 

coefficients 

 

t 

 

p 

B 
Standard 

error 
Beta  

dmfs  0.158 0.175 0.615 0.903 0.367* 

dmfs maxillary molars  0.457 0.085 0.885 5.374 0.000 

dmfs maxillary canines 1.104 0.143 0.377 7.711 0.000 

dmfs mandibular molars 0.557 0.077 1.160 7.239 0.000 

dmfs mandibular canines 0.296 0.133 0.122 2.222 0.027 

dmfs occlusal surfaces -0.959 0.172 -1.173 -5.563 0.000 

dmfs mesial/distal surfaces -0.647 0.161 -1.358 -4.028 0.000 

dmfs vestibular/oral surfaces -0.596 0.176 -0.665 -3.392 0.001 

Carbohydrates content of diet 
0.554 0.297 0.230 1.864 0.063* 

Frequency of carbohydrates 

consumption 
-0.200 0.215 -0.070 -0.928 0.354* 

Plaque amount 0.335 0.192 0.139 1.742 0.082* 

Nr. Streptococcus mutans –1.6 

mesial surface 
-2.255 0.383 -1.442 -5.886 0.000 

Nr. Streptococcus mutans –3.6 

mesial surface 
1.536 0.380 0.993 4.040 0.000 

Nr. Streptococcus mutans –1.6 

occlusal surface 
-0.499 0.252 -0.336 -1.984 0.048 

Nr. Streptococcus mutans –3.6 

occlusal surface 
0.764 0.260 0.497 2.932 0.004 

Nr. Streptococcus mutans-salivary -0.061 0.294 -0.038 -0.207 0.836* 

Fluoridation program -1.275 0.482 -0.323 -2.831 0.030 
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Stimulated salivary flow rate 2.729 0.430 0.345 6.352 0.000 

Saliva buffer capacity -pH 0.945 0.274 0.280 3.453 0.001 

*statistically not significant 

In the category of risk factors identified 

in the examined group, oral hygiene was 

also included. More important, however, in 

the occurrence of carious lesions is the 

number of Streptococcus mutans.  

One of the important features in 

Streptococcus mutans ecology is the 

localized growth mode. While some dental 

surfaces may be carrying Streptococci, other 

surfaces, located right in the vicinity, may 

not have these microorganisms. 

Experimental studies have shown that 

surfaces colonized with Streptococcus 

mutans have a higher caries risk than the 

non-colonized ones. However, their mere 

presence on a surface does not necessarily 

mean that caries will appear on that surface, 

but it means an increased risk of their 

occurrence (12). 

In this respect, studies in the literature 

showed the same significant correlation 

between the level of Streptococcus mutans 

and the carious lesions on permanent teeth 

observed in this study (13, 14, 15, 16). 

The inclusion, in the chosen caries risk 

assessment scheme, of data on previous 

caries experience is based on the fact that 

caries lesions in the temporary dentition 

constitute the strongest risk indicator for 

dental caries in the permanent dentition (17, 

18, 19, 20). This aspect was highlighted in 

the present study, too, with the help of 

multiple regression analysis, which showed 

that the most important predictors of 

permanent teeth carious lesions are, in 

addition to the number of dental 

Streptococcus mutans, the index of caries 

experience on the proximal surfaces of 

temporary teeth, followed by that of the 

occlusal surfaces and that of the mandibular 

molars. 

 

CONCLUSION 

The number of Streptococcus mutans on 

the proximal surfaces of first permanent 

molars and the caries index on the proximal 

surfaces of temporary teeth are the strongest 

predictors of carious lesions on permanent 

teeth among the studied schoolchildren. 
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