​​​​CARIES SEVERITY IN RELATION TO CARIES RISK - ASSESSMENT USING CARIOGRAM COMPUTER MODEL AMONG YOUNG ADOLESCENTS.
ABSTRACT

Aim: This study aimed to evaluate caries risk using cariogram model and its relation with Significant Caries Index in young adolescents aged 12-14 years in an attempt to weigh the impacts of different etiological factors for predicting future risk. Methodology: A cross-sectional study was conducted among 12 to 14 year old children randomly selected from a social welfare institute. 36 children were interviewed and clinical Examination was done to record plaque and dental caries status. Stimulated saliva was collected and salivary flow rate; buffering capacity, Streptococcus mutans and Lactobacillus were assessed. Information obtained was scored to create Cariogram model. Significant caries Index was calculated using the DMFT scores. Results: Mean DMFT was 1.91±2.32, with a caries prevalence of 52.7 %. Significant Caries Index score was 4.91. For the purpose of risk assessment the study population was divided into three groups based on their SiC Index scores which were obtained. Correlation analysis was performed between significant caries index groups and the cariogram parameters assessed to identify the factors which were responsible for variation in caries severity in significant caries risk index groups. The Significant caries Index high risk group had a statistically significant negative correlation with diet contents (-0.756*), the levels of S. mutans (-0.715*), buffering capacity of saliva (-0.640*) and the past caries experience, (-0.632*). Conclusion: Variables like caries experience, Lactobacillus counts, S. Mutans and buffering capacity of saliva were identified as specific risk factors in SiC high risk group as determined by cariogram model. The identification of these several risk factors would increase the probability of formulating an accurate risk profile for high risk group.
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INTRODUCTION:​
The recent decline in the prevalence of dental caries has brought a change in the distribution pattern of dental caries in many populations.1 At present there is a skewed distribution of dental caries within a given population,2 parallel to the decline in caries prevalence, majority of children have little or no decay, whereas a minority of them have considerably higher DMFT scores.3 Approximately 25% of the population exhibit significantly high caries experience than the rest of the population, this phenomenon has been termed as 'Polarisation’, indicating that there are a group of individuals who have not gained from preventive efforts.4In order not to lose the positive momentum gained from various oral health programmes around the world, and to target the still caries-susceptible individuals in the population, the significant caries (SiC) index was proposed by the World Health Organization (WHO).5,6 Use of SiC index and caries risk assessment among these group of population can solve the problem related to skewed caries distribution and can lead to significant gain for society and for the persons concerned as more specific targeted preventive actions can be implemented.1
Caries management by risk assessment helps to predict future disease and to determine what factors are out of balance so evidence based clinical decisions can be made in the risk groups.7The risk factors are the biological factors (includingpathological factors) that have contributed to the disease or will contribute to the future manifestationof the disease on the tooth. These pathologic factors not only tell us what is out of balance but also suggest how the imbalance can be corrected. CRA is one of the cornerstones in patient centred caries management.7CRA is an important part of preventive dentistry since caries is preventable, early identification of relevant factors affecting populations that may increase the risk of caries is important.8 Therefore assessment of those who are high risk individuals and their etiological factors for existing carious lesions are prerequisite for predicting future caries risk.

The Cariogram is a caries risk predictor model that has been developed to describe and calculate the individual caries risk profile. It was developed in 1996 by Bratthall as educational model, aiming at illustrating the multifactorial background of dental caries in a simple way. The main purpose of the Cariogram is to demonstrate the caries risk graphically, to what extent different etiological factors of caries affect the caries risk for a particular individual by expressing as the chance to avoid new caries in the near future and also to encourage preventive measures before new cavities could develop.9, 10,11
Hence this study aimed to evaluate caries risk using cariogram model and its relation with Significant Caries Index in young adolescents aged 12-14 years in an attempt to weigh the impacts of different etiological factors for predicting future risk.
MATERIAL & METHODS:
Study Design/ subjects

This cross-sectional study was conducted among 12 to 14 year old children of Nellore city, India. Children were randomly selected from a social welfare institute (Bharathiya Vidhaya vikas) using table of random numbers.
Ethical clearance and informed consent
 The ethical clearance was obtained from the Institutional Ethics Review Board of Narayana Dental College & Hospital. Permission to conduct the study was obtained from principal of the concerned institute. The purpose of the study was explained to the participants and informed consent was obtained from the children and guardian prior to the start of the study.

Sampling procedure
To estimate the sample sizes, a power analysis was performed based on the data obtained by a previous study conducted by Almosa NA et al (2012)12 with a significance level of 5%, standard deviations within groups of 30 units, a least detectable difference of 20 units between groups on the Cariogram, and a power for that detection of 80%. The sample size required was a minimum of 36 subjects.
Eligibility Criteria 
Children aged 12-14 years with full complement of permanent dentition, residing in social welfare schools from past 2 years were included. Children with systemic diseases, taking any antibiotics during the time of examination and children with special needs were excluded
Data collection
The study was conducted in the month of October 2013. Data was collected by interview and clinical examination.
The data was collected using a custom designed proforma having three parts at two time intervals baseline and follow up.  Part-1 recorded demographic details, oral hygiene practices and diet frequency of the participants by an interview. Part-2 clinical examination for recording the amount of plaque and dental caries experience of the participants.Part-3 consisted of saliva collection and analysis.

The risk assessment consisted of four steps: an interview, clinical examination (estimation of oral hygiene, dental caries status), saliva sampling/ analysis and creation of risk profile for each child using cariogram which is based on 10 parameters.

Interview: The children were individually interviewed to record any illness, oral hygiene practices and fluoride exposure. As children may not reveal easily about any illness and may not know whether the toothpaste was fluoridated their guardian assistance was taken to complete the interview.


Clinical examination: Children were examined for plaque and dental caries. Silness and Loe plaque index13was used to assess the amount of plaque. Dental caries was assessed using WHO Dentition Status14. Significant caries index was calculated using the same data.
Saliva collection: Paraffin-stimulated whole saliva was collected for 5 minutes in a sterilised container.
Salivary flow rate: Saliva from oral cavity was calculated by amount of saliva secreted per minute using volumetric analysis.7, 9, 10
Salivary buffering capacity: The buffer capacity of the stimulated whole saliva was determined using Saliva check buffer strip (GC Corporation, Japan). Three colours were obtained: green, blue, and red by analysing the colour combinations buffering capacity of saliva was obtained according to the provided model chart.7,9,10
Salivary Microbial Analysis: The fresh saliva sample was then used for culturing on selective media and for estimation of buffer capacity in the following way. Chair-side tests (CRT Bacteria, SM Strip Mutans and LB strips, Ivoclair Vivadent, Shawn, Europe) were used to evaluate both S. mutansand lactobacillus counts, respectively. The SM and LB were scored are recorded according to the provided model chart.7, 9, 10
Creation of Cariogram
When all the information was available they were scored according to the predetermined scale (Table 1). The scores were entered into the cariogram computer programme to calculate the ‘caries risk’ and conversely ‘chance of avoidance of caries’ for each child. 
Significant caries Index
A new index called the 'Significant Caries Index' (SiC)2 was proposed in the year 2000, in order to bring attention to those individuals with the highest caries scores in each population. The SiC Index is the Mean DMFT of the one third of the study group with the highest caries score. The index is used as a complement to the mean DMFT value. SiC Index was calculated form the DMFT scores which were obtained from the study population.
Examiner calibration

The examiner was calibrated for recording Silness and Loe plaque index and WHO Dentition Status at the department of Public Health Dentistry by re-examining the oral health status of the participants (re-examination of 10% of subjects). The related kappa value of the investigator during the study period was found to be adequate 0.71 and 0.86 for Silness and Loe plaque index and WHO Dentition Status respectively.

Data analysis:

The data on each item were entered into the STATA 9.2 statistical software program (State Corp, College Station, TX, USA). Descriptive statistics including the means and standard deviations of all cariogram risk related factors were calculated for all caries related groups. Chi square test was used to find differences between caries related factors and Cariogram group. Differences between mean decayed, missing and filled teeth (DMFT) and cariogram groups were assessed using ANOVA. Significant caries index risk groups were correlated with the cariogram variables using Pearson’s correlation.
Results:
The present study was conducted among randomly selected 12-14 year old school children from a social welfare institute which included a sample of 36 children with a mean DMFT of 1.91±2.32 and caries prevalence of 52.7 % (Table-2).
Significant Caries Index was 4.91(Figure-1) for the study subjects. For the purpose of risk assessment the study population was divided into three groups based on their SiC Index scores which were obtained. The one third of the population with highest caries values was categorised as  SiC high risk group (DMFT- 4.91), the remaining two third was equally divided into two groups the SiC Intermediate risk group (DMFT- 0.83) which was the middle one third  and the rest formed the SiC low risk group (DMFT- 0).
Over all caries risk for entire population is as depicted in Figure-2 which shows the chance of avoiding caries for studied population as 44%. Further analysis of caries risk assessment model according to significant caries index revealed the chance avoiding caries of 21%, 51% & 72% for high, medium and low risk groups respectively (Figure 2). The buffering capacity of saliva and the levels of S. Mutans were the main factors identified by the model as having an impact on chances of avoiding caries. Further analysis with respect to the caries severity revealed that among the high caries risk group in addition to buffering capacity of saliva and levels of S. mutans, the amount of plaque, diet contents, and salivary factors were also the main contributing factors.
An addition correlation analysis was performed between significant caries index groups and the cariogram parameters assessed to identify the factors which were responsible for variation in caries severity in significant caries risk index groups. The Significant caries Index high risk group had a statistically significant negative correlation with diet contents (-0.756*), the levels of S. mutans (-0.715*), buffering capacity of saliva (-0.640*) and the past caries experience, (-0.632*). The Significant caries Index medium risk group had a statistically significant negative correlation with the levels of S. mutans, (-0.957*) diet contents, (-0.633*) and salivary flow rate, (-0.621*) while the Significant caries Index low risk group had only statistically significant negative correlation with the levels of S. Mutans (-0.873*). The single statistically significant factor that was associated with all the three groups was S. mutans. 
Discussion
If the disease does almost not exist in a population, risk assessment would be a waste of time and resources so risk assessment can be relevant in situations where a portion of the population is free of disease while another portion becomes affected, so caries risk assessment in high risk groups is recommended periodically after proper actions have been installed to make sure that caries risk has decreased.

The present study was conducted to correlate various caries risk factors with caries severity groups. The age group of >12 year old was chosen as this is a WHO global monitoring age for dental caries15and children with permanent dentition were selected in order to avoid discrepancies between mixed and permanent dentition with regard to microbial counts as stated by Schlagenhauf et al (1990).16
Children in the present study had relatively low dental caries expressed with mean DMFT of 1.91. About 52 % of them were caries free and the significant caries index score for this population was 4.91 indicating that there were large group of children who had a serious caries situation indicating a skewed distribution of dental caries within a given population. The prevalence of disease in this population is strongly influencing the decision that risk assessment is obvious for this group to look for the individuals at risk. (Petersson 2003).17
There  are  two  main  risk  strategies  that  have  been  discussed  in  the literature for several years, one named the population-based strategy, and the other high-risk strategy (or individual-based perspective).According to the high-risk strategy, individuals with a high risk of caries are identified and targeted preventive measures are taken to diminish their particular risk factors.18The present study used Cariogram, which is considered as one of the most reliable models as reported by many authors, for predicting caries risk in an individual because it is an objective, quantitative method that uses a computer program to calculate the data, with results that can be printed out and saved. Another advantage is that it makes a series of recommendations for preventive action according to the caries risk.10The pie chart presentation with its different sectors makes it easier for patients to understand and can be effectively used to motivate the patient. They can be used to improve the comprehension of the factors that are having or could have a negative effect on their oral health. So we have correlated the various factors which are predictors for caries risk with the three SiC index groups to identify the factors which were responsible for variation in caries severity in significant caries risk index groups.
The Significant caries Index high risk group in the present study had negative correlation with past caries experience, diet contents, buffering capacity of saliva and the levels of S. mutans, which results in decreased  chance of avoiding caries,thus children with high counts of S.mutans, Lactobacilli  and  low salivary buffer capacity often show higher DMFT values,these findings are in accordance to those studies reported by Twetman S, Frostner N(1991)19 and Van Houte(1993).20The amount of plaque was not significant factor for the risk groups in this study this might be because oral hygiene on the other hand, often shows only a weak correlation with dental cariesBellini HT (1981).21
In the present study children who were suffering from any systemic disease or condition were excluded, because it may directly or indirectly affect the caries process.  Hence the Cariogram considered zero score for related disease for all the subjects, so no correlation was found between related diseases and caries severity. These results are in accordance with the study conducted by Ruiz-Miravet et al (2007).22
Exposure to fluoride is one of the most important protective factors when evaluating caries risk and is the cause of the considerable fall in caries levels in Western countries. None of the children in this study used fluoride supplements and the only source of fluoride was fluoridated tooth pastes, as the children were staying in welfare hostels their diet frequency and fluoride program was the same for all the children. So the cariogram score was  1 and 2 respectively for diet frequency and fluoride exposure for all the subjects, hence no correlation was  possible as all the individuals had a same score.
The clinical judgement variable removes the objectivity that the Cariogram should show when assessing a patient’s caries risk, as it makes it possible to alter the risk result by applying a subjective opinion. Consequently, in the present research this variable was set throughout at 1, which means that the examiner does not have any reason to change the program’s evaluation as the caries situation, including social factors, gives a similar impression to the Cariogram program. With 1 as the value the percentages given by the Cariogram were not altered, so an objective result was obtained, which were similarly not altered in a study conducted in Indian children by Hebbal M (2012)10
The cariogram model identified the entire population to be at high risk and recommended immediate actions. Diet controls, reinforced fluoride programs, combating S. mutans are mainly recommended. Especially for the caries severity group (High risk group) identified by SiC an additional plaque control programme was recommended.The other two groups which were identified by Sic as low risk and intermediate risk group were recommended for targeted preventive actions. Apart from this additional methods diet counselling, topical chlorhexidine treatment regimen to be considered.
Single common factor among all the three groups was S. Mutans identified by cariogram model, but the caries levels are very less in the low and intermediate risk group, even though levels of S. mutans are high. This indicates that caries disease is a multi-factorial etiology that occurs only in the presence of all the favourable risk factors.   

Conclusion
Variables like caries experience, Lactobacillus counts, S. mutans and buffering capacity of saliva were identified as specific risk factors in SiC high risk group as determined by cariogram model. The identification of these several risk factors would increase the probability of formulating an accurate risk profile for high risk group. Thus the use of SiC index and caries risk assessment among these group of population can solve the problemrelated to skewed caries distribution and can lead to significant gain for societyand for the persons concerned as more specific targetedpreventive actions can be implemented.
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Table- 1 Caries related factors used for the Cariogram.7, 9, 10
	S/N
	Factor
	Information and data collected
	Cariogram scores

	1.
	Caries

experience
	Past caries experience, including cavities, fillings and missing teeth because of caries. Modified WHO dentition status was used to include noncavitated white spot lesions.
	0:DMFT 0

1 :DMFT 1

2:DMFT 2

3:DMFT 3

	2.
	Related disease
	General disease or conditions associated with dental caries. Data was collected through interview.
	0: No disease, healthy.

1: A general disease which can indirectly influence the caries process to a mild degree.

2: A general disease which can indirectly influence the caries process to a high degree.

	3.
	Diet, contents
	Estimation of the cariogenicity of the food, in particular sugar contents.

Lactobacillus count was used as a measure of cariogenic diet.
	0 :< 103 CFU /ml

1 : 104 CFU / ml

2 : 105 CFU / ml

3 :> 106 CFU / ml

	4.
	Diet frequency
	Estimation of number of meals and snacks per day, mean for ‘normal days’.


	0 : 3 meals / day

1 : 4-5 meals / day

2 : 6-7 meals / day

3 : > 7 meals/ day

	5.
	Plaque amount
	Estimation of hygiene. Silness-Loe Plaque Index (PI) was used.
	0: 0 (Excellent)

1: 0.1 to 0.9 (Good)

2:1.0 to 1.9 (Fair)

3:2.0 to 3.0 (Poor)

	6.
	Streptococcus

mutans
	Estimation of levels of Streptococcus mutans

Salivary Streptococcus mutans was assessed using chair side test and expressed as CFU/millilitre of saliva.
	0: Negligible

1 : <104 CFU / ml

2: 104_105CFU/ ml

3 :> 105 CFU / ml

	7.
	Fluoride

programme
	Estimation of to what extent fluoride is available in the oral cavity over the coming period of time. Obtained through interview
	0:Maximum fluoride program

1:Fluoride supplements

2:Only fluoride toothpaste

3:No fluoride

	8.
	Saliva secretion
	Estimation of amount of saliva. Wax-stimulated secretion assessed and expressed asmillilitre saliva per minute.
	0: > 0.7 ml / min

1: 0.3 – 0.7 ml / min

2: < 0.3 ml / min

	9.
	Salivary

buffering

capacity
	Estimation of capacity of saliva to buffer acids.


	0:pH > 6.0

1:pH 4.5 – 5.5

2:pH < 4.0


CFU- Colony forming units.

Table - 2 Basic demographic details with percentage distribution of caries risk groups.

	Age
	n (%)

	12 years
	11 (30.56)

	13 years
	19 (52.78)

	14 years
	6 (16.67)

	Gender
	

	Male
	24 (66.67)

	Female
	12 (33.33)

	DMFT
	

	DMFT=0
	17 (47.22)

	DMFT=(1-7)
	19 (52.78)

	Significant Caries index
	Mean DMFT

	Group-1 High risk
	4.91

	Group-2 Medium risk
	0.83

	Group-3 Low risk
	0


Table -3 Pearson correlations between significant caries index groups and the cariogram parameters assessed.
	SIC Groups
	Plaque
	DMFT
	Saliva flow
	Lactobacillus
	Buffer
	S.mutans

	Low risk

group
	.298
	     -
	-.393
	-.546
	-.050
	-.837*

	Medium risk group
	-.479
	-.500
	-.621*
	-.633*
	-.409
	-.957*

	High risk group
	-.357
	-.632*
	.250
	-.756**
	-.640*
	-.715*


*p<0.05
Figure-1: Caries levels based on the Significant Caries Index.
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(Arrowand vertical lines indicate the individuals included for calculating SICindex)

Figure -2 Cariograms illustrating the differences in the way the caries-related factors interact according to severity of caries. A) Overall caries risk for entire population, B) High risk group, C) Medium risk group, D) Low risk group.
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