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Abstract

Background: Untreated caries in permanent teeth is the

most prevalent condition worldwide. Use of a simple,

validated caries risk prediction tool will offer a low-cost

mechanism to identify high-risk children for targeted

preventive programmes.

Objectives: To develop and validate a caries risk

prediction model for 5-6-year-old Sri Lankan children.

Methods: Two case-control studies were done for model

development and validation. Cases and controls were

defined as 8-9-year-olds with and without permanent

tooth caries respectively. Based on dental records and

confirmation by clinical examination, 120 cases and 360

controls for model development, and 100 cases and 100

controls for model validation were selected. Data was

collected using dental records and a pretested parental

self-administered questionnaire. Risk predictors were

identified by logistic regression analysis. Cut-off point

was determined by plotting a ROC curve.

Results: Four risk predictors were identified: ‘having 5 or

more posterior decayed teeth’ (OR= 2.1, 95% CI:1.0- 4.4),

‘brushing frequency of once or less’ (OR= 3.5, 95% CI:

2.1-6.0), ‘not using fluoridated toothpaste’ (OR= 3.2, 95%

CI:1.8-5.6) and ‘consuming more than two snacks

containing fermentable carbohydrates in between meals’

(OR=1.6, 95% CI:0.9-2.9). A 10-point score was

developed. Following external validation, a sensitivity of

31% (95% CI: 22.1%-41.0%) and a specificity of 87%

(95% CI: 78.8% - 92.9%) was obtained for a cut-off value

of 2.5.

Conclusion: The model could be used to identify high-

risk children, especially in areas with higher disease

burdens.

Introduction

Dental caries is a multifaceted public health challenge
due to its high prevalence, incidence, negative impact on
quality of life and huge economic cost. Untreated caries
in permanent teeth is the most prevalent condition and
untreated caries in primary teeth the 10th most prevalent
condition globally [1].

Over the years a decline in prevalence and severity,
and an increasingly skewed distribution of caries in
children is seen [2], giving rise to polarization of dental
caries among child populations [3]. Consequently, coun-
tries have adopted numerous caries risk assessment
systems [4,5,6] for caries management. Such systems
enable risk-based patient categorization and identification
of high-risk individuals. It is often coupled with caries
management protocols aimed at prevention of future caries
such as SIGN guidelines, 2014 and Caries Management
by Risk Assessment (CAMBRA), 2011. These protocols
provide different combinations of evidence-based
preventive strategies for managing the disease for different
risk categories.

Caries risk assessment and prediction are risky
concepts, with limited scientific evidence on effectiveness
and validity for standardized caries risk assessment
models [7]. Yet, they serve as valuable resources in dental
education, facilitate communication with patients and their
families, serve as guides for development of public health
programmes and allocation of resources among vulnerable
segments of the population [8]. It is cost-effective and
economically beneficial to patients and oral health care
systems, as costly advanced dental treatments could be
avoided. Cost savings of preventive measures are shown
to be most effective for children with the highest risk of
caries [9].

(Index words: dental caries, risk prediction, model development, model validation)
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  Caries risk prediction models in developed countries
use advanced technologies such as microbiological tests,
radiographic techniques, salivary analysis, and other
laboratory tests, achieving higher levels of sensitivity,
specificity and predictive values. However, they are more
suitable to be used by dental professionals in clinical
settings.

 In Sri Lanka, cost-effective health interventions at
field level have uplifted the health status of the public.
One such intervention is provision of oral health services
for children by School Dental Services provided by School
Dental Therapists (SDTT). School Dental Services is an
island-wide service yet, it is faced with service provision
challenges due to insufficient workforce and poor access
in remote areas. Although state-funded preventive
interventions such as fissure sealants and fluoride
applications are already initiated through School Dental
Services, the fullest potential of such programmes is yet
to grasp. SDTT do the first compulsory oral screening
when the child is 5-6-years in grade 1. Periodic reviewing
and recording of child’s oral health status and related
habits are done in grades 1, 4 and 7. The 3-year gap between
oral screenings is too long for management of high-risk
children. Sri Lankan data shows around 10% of children
when screened in grade 4, to be having permanent tooth
caries, within 2-3 years of permanent tooth eruption [10].
Recorded data on caries risk indicators of students are
maintained by SDTT and, are used for monitoring the
caries risk of the student. Availability of this secondary
data could be retrospectively used for developing a caries
risk prediction model.

A reducing trend in prevalence and severity of caries
[11] together with a skewed distribution is seen among Sri
Lankan children, where most disease burden is carried by
a small proportion of children. High-risk children should
be targeted for intense prevention through risk prediction.
Therefore, the aim of this study is to develop and validate
a caries risk prediction model to identify ‘high-risk’ children
at the crucial age of 5-6-years during the first compulsory
screening, just before eruption of permanent teeth to
effectively implement preventive strategies within the
School Dental Services in Sri Lanka.

Material and methods

The study population consisted of grade 4 students.
Students with and without Decayed, Missing due to caries,
and Filled Teeth (DMFT) in the permanent molars were
defined as cases and controls respectively. Selection of
cases and controls were based on dental recordings as at
grade 4, and subsequent confirmation by clinical
examination by a trained and calibrated dental surgeon
under natural light using dental mouth mirrors while the
child is seated on a normal chair. Blunt probes were used
to remove any debris for better visualization of caries.
Students with contradictory recordings were excluded.

Model development

A case-control study with 120 cases and 360 controls
was done in Gampaha and Kalutara districts. Sample size
calculation was done using OpenEpi software. Two-sided
confidence level of 95, power of 80%, a case-to-control
ratio of 1:3, and least extreme odds ratio to be detected of
2 was taken for the calculation. Hypothetical proportion
of controls with exposure was taken as 55%, as approxi-
mately 55% did not get caries in permanent teeth despite
having carious deciduous teeth [12]. Design effect of 1.2
and 2% allowance for non-response were taken.

A computer-based standardized data abstraction
form was used to abstract data from dental records. A pre-
tested parental self-administered questionnaire was also
used to complement data on dental records. A preliminary
study which identified factors associated with dental caries
among 5-6-year-olds aided the development of the parental
questionnaire.

A trained data abstractor blinded to the hypothesis
and objectives of the study entered data into the computer-
based form, which was imported into a Statistical Package
for Social Sciences-version 20 spreadsheet. After merging
the two data sets collected through parental questionnaires
and dental records, data were analysed in 2 stages.

a.  Determination of predictors for caries in permanent
molars

Bivariate analysis was carried out to test the
association between potential risk predictors and dental
caries. Significance testing was done using chi-squared
test. P value was taken as 0.2.

b.  Logistic regression analysis for development of risk
scores

Variables with a significance level of <0.2 were
included in the initial model. Cell counts of less than 10
cases for independent variables were excluded from
analysis as a minimum sample size of 10 cases for each
independent variable has been suggested [13]. Backward
logistic regression was performed where variables were
entered into the model at 0.05 and removed at 0.1
significance levels. The best model which predicted dental
caries in permanent teeth was selected. Goodness of fit
was assessed and overall % correctly identified was
determined. The Omnibus test, Cox and Snell Square test,
Negelkerke R Square test, Hosmer and Lameshow tests
and Wald statistics test were also performed.

Handling of missing data: Missing values of dental
records were replaced using data on similar variables in
the parental questionnaire.

Model validation

A case-control study was done in Colombo district,
to assess the predictive validity through external validation
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of the developed model and to determine a cut-off point
for the risk score. Sample size of 100 cases and 100 control
were taken, as it is recommended as the minimum sample
size required for model validation to have reasonable power
[14]. Similar selection criteria, case definitions, sampling
technique and data abstraction as those used for model
development were applied. A pretested parental self-
administered questionnaire on identified predictors was
used to compensate for missing values.

For each case and non-case, a risk score was
calculated by summation of assigned values for each
predictor. Standard receiver operating characteristic (ROC)
was plotted.

To decide on the optimal threshold that gives
maximum correct classification d2 was calculated. The
distance between the point (0, 1) and any point on the
curve is d2. d2 was calculated for each observed cut-off
point, using the below-mentioned formula.

Variable OR Significance N

1 Sex 1.7 p = 0.015 4 8 0

2 Having 5 or more posterior decayed teeth# 3.4 p < 0.001 4 5 6

3 Having a posterior dmft index of 5 or more# 2.8 p < 0.001 4 5 8

4 Not brushing in the morning# 7.3 p < 0.001 4 0 8

5 Not brushing after dinner# 3.6 p < 0.001 4 0 7

6 Having a total frequency of brushing of 1 or less# 3.6 p < 0.001 4 0 7

7 Not using fluoridated toothpaste## 2.3 p = 0.009 2 5 0

8 Having three or more extracted teeth of mother## 1.8 p = 0.038 2 8 8

9 Having three or more filled teeth in mother## 2.3 p = 0.039 2 7 8

10 Father’s educational status## 2.5 p < 0.001 318

11 Mother’s occupational status## 1.9 p = 0.030 2 8 3

12 Father’s occupational category## 2.6 p = 0.007 2 0 2

13 Mother’s educational status## 1.6 p = 0.061 3 1 7

14 Having toffee/ chocolate/ other sweets several times a day## 1.5 p = 0.118 3 0 0

15 Sugar consumption of more than 2 snacks# : grade 1 1.4 p = 0.203 3 9 5

16 Mobile phone## 1.7 p = 0.092 3 0 5

d2 = (1-sensitivity) 2 + (1-specificity) 2

The point where the distance is minimal was located,
which is the optimal cut-off point. Sensitivity, specificity
and area under the curve were determined.

Ethical clearance was obtained from the Ethics Review
Committee, Faculty of Medicine, University of Colombo.
Permission to carry out the study was obtained from
Ministry of Health and Ministry of Education. Informed
written parental consent was obtained for all participants.

Results

The response rate which was similar for cases and
controls for the parental self-administered questionnaire
was 66.25 %. Missing data were excluded from the initial
analysis. Table 1 illustrates the significant risk factors at
0.2 level of significance. The sample sizes differ due to
differences in response rates to each question.

Table 1.  Significant risk factors for developing caries in permanent molar teeth via bivariate
analyses in comparison with controls (level of significance = 0.2)

# Secondary data recorded when student was in grade 1

## Primary data from parental questionnaire collected when same student is in grade 4
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 Missing values were replaced by combining variables. Some variables were omitted due to an increased percentage
of missing values. Table 2 illustrates new variables created after replacing missing values.

Variable Description New variable

1 Having 5 or more posterior decayed teeth Missing values replaced with other Having 5 or more posterior decayed
records maintained by SDT teeth

2 Having a posterior dmft index of 5 or more Taken as it is, as no other records Having a posterior dmft index of 5 or
available for replacing missing values more

3 Not using fluoridated toothpaste Missing values replaced using both Not using fluoridated toothpaste
records and questionnaires

4 Not brushing in the morning Combined after replacing missing Having a total frequency of brushing
values using records and questionnaires of 1 or less

5 Not brushing after dinner

6 Having a total frequency of brushing of 1 or less

7 Having toffee/ chocolate/ other sweets several Combined after replacing missing values Sugar consumption of more than
times a day using records and questionnaires 2 snacks

8 Sugar consumption of more than 2 snacks

9 Having three or more extracted teeth of mother

10 Having three or more filled teeth in mother Omitted due to increase % of
missing values

11 Father’s educational status

12 Mother’s occupational status

13 Father’s occupational category

14 Mother’s educational status

15 Mobile phone

16 Sex Omitted as model to be applied
also in unisex schools

Table 2.  Variables before and after missing value replacement

Odds ratios of new variables created after replacement of missing values at the bivariate level with caries risk were:
3.9 for ‘Having 5 or more posterior decayed teeth’ (n=473); 2.8 for ‘Having a posterior dmft index of 5 or more’ (n=458); 4.3
for ‘Having a total frequency of brushing of 1 or less’ (n=462); 3.9 for ‘Not using fluoridated toothpaste’ (n=358) and 3.2
for ‘Sugar consumption of more than 2 snacks’ (n=467) all of which the significance was zero. Table 3 illustrates the
output of logistic regression analysis.

Table 3.  Logistic regression predicting likelihood of having caries on permanent teeth
of 5-year-olds, by the time student goes to grade 4 (after replacing missing values)

Predictor variable B SE Wald Df P Exp 95% CI for
(β ) (β) Exp (β)

Lower Upper

Having 5 or more posterior decayed teeth 0.7 0.4 4.0 1 0.045 2.1 1.0 4.4

Having a total frequency of brushing of 1 or less 1.3 0.3 21.5 1 0.000 3.5 2.1 6.0

Not using fluoridated toothpaste 1.2 0.3 16.5 1 0.000 3.2 1.8 5.6

Sugar consumption of more than 2 snacks 0.5 0.3 2.6 1 0.105 1.6 0.9 2.9

Nagelkerke R2 22.4%; Cox and Snell R2 15.9

Hosmer and Lemeshow test p=0.120

Classification accuracy 75.1%
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Model validation

For ease of application 0.5 rounding of adjusted odds
ratios were taken as the final risk prediction model. Predictor
variables and the assigned scores are shown in Table 4.

The area under the curve was 0.592 (95% CI: 0.514-
0.671). Thus, around 60% of the variability is explained by
the risk score. Sensitivity of 31% (95% CI: 22.1% - 41.0 %)
and specificity of 87% (95% CI: 78.8%-92.9 %) was
observed.

Discussion

Our approach was to build a simple and user-friendly
model to predict the risk for developing caries in permanent
molars by the time children are in grade 4, to be
administered to children aged 5-6-years. Permanent molars
are the most caries-prone teeth [15]. The model could be
administered during first screening of school children in
grade 1 by which time the first permanent molars are about
to erupt in majority of children [16]. It could be used as a
screening tool to identify high-risk children, in school
settings by SDTT or at clinic settings by oral health
professionals. With three simple interviewer-administered
questions and one clinical examination finding, the tool is
inexpensive and could be administered quickly with minimal
discomfort to the child. Suitability to the local setting,
simplicity where reliable data could be collected from
children even when parental engagement is minimal,
possibility for using for health education and health
promotion efforts at the individual and community level
are advantages of the model. Although several other risk
prediction models exist globally where salivary,
radiological, and microbiological analysis is necessary,
they are of limited use in school settings, particularly in
lower-middle-income countries.

Multiple logistic regression analysis used to develop
the current model, has been used in many studies to
determine the extent to which predictors could
differentiate between high and low caries risk categories
[17]. All four risk predictors in the current model are
supported by literature and are included in well-known
risk-prediction models.

Studies have consistently shown children with high
baseline caries levels on deciduous teeth to be more likely
to develop future caries in their permanent teeth [18]. Past
caries experience is quoted as the most powerful predictor
of future caries [19, 20]. Caries on primary molars was the
most powerful predictors of permanent caries [21].

 Diet plays a pivotal role in the aetiology of dental
caries [22]. However, it is challenging to assess dietary
exposures accurately [23] and define ‘high’ and ‘low’
sugar consumption [24]. Snacking has become an
important risk indicator for caries development in children
[25,26]. CAMBRA model and American Academy of
Paediatric Dentistry (AAPD CAT) also uses snacking
frequency related predictors for caries risk assessment.

 Supported by more than half a century of research,
benefit of fluoridated toothpaste is firmly established [27].
It is used in CAMBRA, American Dental Association
(ADA) Caries Risk Assessment, AAPD CAT and
cariogram.

Predictor variable Categories Score
Having 5 or more posterior decayed teeth No 0

Yes 2

Having a total frequency of brushing of 1 or less No 0
Yes 3.5

Not using fluoridated toothpaste No 0
Yes 3

Sugar consumption of more than 2 snacks No 0
Yes 1.5

Total 10

Table 4.  Predictor variables included in the
caries risk prediction model for 5-6-year-olds

ROC curve plotted for validation sample using the scores
is shown in Figure 1.

Cut-off value Sensitivity 1-Specificity Distance from
curve (d2)

-1 1 1 1
0.75 0.35 0.17 0.4514
1.75 0.31 0.17 0.505
2.50 0.31 0.13 0.493
3.25 0.18 0.11 0.6845
4.00 0.11 0.01 0.7922
4.75 0.10 0.01 0.8101
5.25 0.08 0.01 0.8465
6.00 0.06 0.01 0.8837
8.25 0.01 0.00 0.9801
11.00 0.00 0.00 1

Figure 1.  ROC curves for summary risk scores
against the presence of caries on permanent
molars among the validation sample with odds
ratios rounded to nearest 0.5.
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Despite the inconclusive evidence regarding oral
hygiene status and caries [28, 29], in a Sri Lankan study
among adolescents, oral hygiene status emerged as the
most significant determinant of dental caries [30].
Toothbrushing related predictor in the current model is in
line with the current recommendation of twice a day
toothbrushing.

Therefore, all 4-predictor retained in the final risk
prediction model related to baseline caries experience,
brushing, fluoride toothpaste and diet have face validity
and consensual validity. Some important variables not
included are special health care needs, salivary flow,
salivary buffering capacity and elevated mutans
streptococci levels. Measuring salivary flow, salivary
buffering capacity and elevated mutans streptococci levels
is beyond the scope which could be performed in a school
setting. Despite the risk level, children with special
healthcare needs necessitates special attention.

The developed model explained between 15.9% to
22.4% of the variance in caries status. This is in line with
a model developed through multivariate analysis which
explained around 13% of caries variation among American
preschool children [31]. A reason for the unexplained
variance may be, absence of important predictors such as
bacterial counts and salivary pH on which data collection
was beyond the scope of the current study. As huge
unexplained variations could lead to failure to produce
accurate predictions [32], it is important to be cautious in
application of the model. However, even moderately
performing models to do better than clinicians’ own
assessments [33] and are useful depending on clinical
judgement and context [34].

High specificity indicates children without a higher
risk for caries are unlikely to be categorized as ‘high risk’
leading to unnecessarily overburdening services. Having
a high specificity at the expense of low sensitivity is
justified as School Dental Services carry out compulsory
screenings periodically for all children. The combined
sensitivity and specificity of 118 in current study, is in line
with ‘Cariogram’ which ranged from 110 to 139 and it is the
only system for which prospective studies have been
conducted to assess validity [35].

For targeted management of caries, preventive
strategies such as dietary modifications, use of fluorides
(brushing, mouth washes, fluoride supplements, and
professional topical treatment), use of xylitol, calcium
phosphate, antimicrobials and fissure sealants are used
in guidelines such as SIGN (2014), AAPD (2014) and
CAMBRA (2011). Locally, ‘Save molar programme’
which is a special community oral health programme for
protecting molar teeth of children is already persisting.
The developed model could be used to select children for
such programmes.

As caries shows polarization, the yield of the tool is
increased by targeted screening of socioeconomically
disadvantaged children linked with high sucrose consum-

ption, low fluoride usage and poor access to oral health
services who are at higher possibility of developing the
disease. The model is useful in caries risk assessment and
patient-centred caries management, as it includes
modifiable risk factors. However, discretion of the service
provider may be needed in identifying children with
obvious higher future risk for caries such as medically
compromised, if failed to be identified by the model.

Conclusion

The model is useful as a simple screening tool to
identify children with a high-risk for caries, amenable to
further improvements.

Acknowledgements

This work received financial support from the College
of  Dentistry and Stomatology of Sri Lanka.

Conflict of interests

There are no conflict of interests.

References

1. Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray
CJ, Marcenes W. Global burden of untreated caries: a
systematic review and metaregression. J. Dent. Res. 2015;
94(5): 650-8.

2. Burt BA. Prevention policies in the light of the changed
distribution of dental caries. Acta Odontol. Scand. 1998;
56(3): 179-86.

3. dos Santos et al. Trend and polarization of dental caries in
pre-schoolers. Rev Cubana Estomatol. 2015; 52(1): 39-46.

4. Fontana M, Zero DT. Assessing patients’ caries risk. J Am
Dent Assoc. 2006; 137(9): 1231-9.

5. American Academy of Pediatric Dentistry. Caries-risk
assessment and management for infants, children, and
adolescents. Recommendations: best practices. 2019.

6. Bratthall D, Hansel Petersson G. Cariogram-a multifactorial
risk assessment model for a multifactorial disease.
Community Dent Oral Epidemiol. 2005; 33(4): 256-64.

7. Cagetti MG, Bonta G, Cocco F, Lingstrom P, Strohmenger
L, Campus G. Are standardized caries risk assessment
models effective in assessing actual caries status and future
caries increment? A systematic review. BMC Oral Health
2018; 18(1): 1-0.

8. Divaris K. Predicting dental caries outcomes in children: a
“risky” concept. J. Dent. Res. 2016; 95(3): 248-54.

9. Stearns SC, Rozier RG, Kranz AM, Pahel BT, Quinonez
RB. Cost-effectiveness of preventive oral health care in
medical offices for young Medicaid enrollees. Arch. Pediatr.
Adolesc. Med. 2012; 166(10): 945-51.

10. Ministry of Health. Annual Report of the Family Health
Bureau, 2018. Colombo: Ministry of Health, 2018.



163Vol. 67, No. 4, December 2022

Original article

11. Ministry of Health. National Oral Health Survey, 2015.
Colombo: Ministry of Health, 2015.

12. Ministry of Health. National Oral Health Survey, 2003.
Colombo: Ministry of Health, 2003.

13. Pallant J. SPSS survaival manual: a step-by-step guide to
data analysis using SPSS. 2010.

14. Steyerberg EW. Clinical prediction models: a practical
approach to development, validation, and updating: Springer
Science and Business Media. 2008.

15. Demirci M, Tuncer S, Yuceokur AA. Prevalence of caries
on individual tooth surfaces and its distribution by age and
gender in university clinic patients. Eur. J. Dent. 2010; 4(03):
270-9.

16. Vithanaarachchi N, Nawarathna L, Wijeyeweera L. Standards
for permanent tooth emergence in Sri Lankan children.
Ceylon Med J. 2021; 66(1): 44-9.

17. Disney JA, Graves RC, Stamm JW, Bohannan HM,
Abernathy JR, Zack DD. The University of North Carolina
Caries Risk Assessment study: further developments in
caries risk prediction. Community Dent Oral Epidemiol.
1992; 20(2): 64-75.

18. Tagliaferro EP, Ambrosano GM, Meneghim MD, Pereira
AC. Risk indicators and risk predictors of dental caries in
schoolchildren. J. Appl. Oral Sci. 2008; 16(6): 408-13.

19. Tagliaferro EP, Pereira AC, Meneghim MD, Ambrosano
GM. Assessment of dental caries predictors in a seven-
year longitudinal study. J. Public Health Dent. 2006; 66(3):
169-73.

20. van Palenstein Helderman WH, Mulder J, Van’T Hof MA,
Truin GJ. Validation of a Swiss method of caries prediction
in Dutch children. Community Dent Oral Epidemiol. 2001;
29(5): 341-5.

21. Skeie MS, Raadal M, Strand GV, Espelid I. The relationship
between caries in the primary dentition at 5 years of age
and permanent dentition at 10 years of age-a longitudinal
study. Int. J. Paediatr. Dent. 2006; 16(3): 152-60.

22. Sheiham A, James WP. Diet and dental caries: the pivotal
role of free sugars reemphasized. J. Dent. Res. 2015; 94(10):
1341-7.

23. Shim JS, Oh K, Kim HC. Dietary assessment methods in

epidemiologic studies. Epidemiol Health [Internet]. 2014;
e2014009.

24. Burt BA, Pai S. Sugar consumption and caries risk: a
systematic review. J. Dent. Educ. 2001; 65(10): 1017-23.

25. Marshall TA, Broffitt B, Eichenberger-Gilmore J, Warren
JJ, Cunningham MA, Levy SM. The roles of meal, snack,
and daily total food and beverage exposures on caries
experience in young children. J. Public Health Dent. 2005;
65(3): 166-73.

26. Johansson I, Holgerson PL, Kressin NR, Nunn ME, Tanner
AC. Snacking habits and caries in young children. Caries
Res. 2010; 44(5): 421-30.

27. Marinho VC, Higgins JP, Logan S, Sheiham A. Topical
fluoride (toothpastes, mouthrinses, gels or varnishes) for
preventing dental caries in children and adolescents.
Cochrane Database Syst. Rev. 2003(4).

28. Mascarenhas AK. Oral hygiene as a risk indicator of enamel
and dentin caries. Community Dent Oral Epidemiol . 1998;
26(5): 331-9.

29. Mathiesen AT, Ogaard B, Rolia G. Oral hygiene as a variable
in dental caries experience in 14-year-olds exposed to
fluoride. Caries Res. 1996; 30(1): 29-33.

30. Perera I, Ekanayake L. Relationship between dietary
patterns and dental caries in Sri Lankan adolescents. Oral
Health Prev Dent. 2010; 8(2): 165.

31. Johansson I, Holgerson PL, Kressin NR, Nunn ME, Tanner
AC. Snacking habits and caries in young children. Caries
Res. 2010; 44(5): 421-30.

32. Royston P, Moons KG, Altman DG, Vergouwe Y. Prognosis
and prognostic research: developing a prognostic model.
BMJ. 2009; 338.

33. Altman DG, Vergouwe Y, Royston P, Moons KG. Prognosis
and prognostic research: validating a prognostic model. BMJ.
2009: 338.

34. Altman DG, Royston P. What do we mean by validating a
prognostic model?.  Stat Med. 2000; 19(4): 453-73.

35. Tellez M, Gomez J, Pretty I, Ellwood R, Ismail AI. Evidence
on existing caries risk assessment systems: are they
predictive of future caries?. Community Dent Oral
Epidemiol. 2013; 41(1): 67-78.


