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The purpose of the study was to develop a multifactorial model for the prediction of 1 1-month caries 
increment in adolescents. The mean age of the subjects (n = 18 1) at the base-line examination was 13 years 
and 3 months. The risk indicators consisted of past caries experience, white spot lesions, visible plaque, 
gingivitis, salivary secretion rate, buffer effect, sucrase, mutans streptococci, lactobadli, and Cunddu. The 
multifactorial modeling included all the above risk indicators, age, and gender and resulted in different 
models in boys and girls, indicating the difficulty of caries prediction in adolescents. When boys and girls 
were combined, the final model induded past caries experience, Candida, and salivary sucrase. Although 
the accuracy of the model was slightly below the 80% level recommended for screening purposes, the 
results provide clinically valuable information. The risk of caries increases with an increasing number of 
positive tests within the model. 0 Candida; dmtol caries; gender; rirk assessment; saliua; swase 
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Several clinical, microbiologic, and sociodemographic 
factors have been used separately and in combination to 
identifji children with high caries risk (1-8). Multi- 
factorial modeling has proved its value in longitudinal 
studies of caries prediction by showing the interrelations 
and interactions of risk factors. Modeling has usually 
been based on a dichotomized dependent variable, 
either as no versus some caries increment (9-1 1) or with 
specified cutoff points in populations with high caries 
incidence (1-3, 7-8, 10, 12). Furthermore, models with 
continuous or ordinal variables as the dependent 
variable have been developed for various practical 
implementations (6, 13). The crude hit rate (accuracy) of 
the models has rarely reached the 80% level, considered 
to be the minimum target level for screening purposes. 
On the other hand, modeling with dichotomized data 
produces risk-associated estimates (relative risk and odds 
ratio), which may possess practical value, providing a 
means of quantitative evaluation of caries risk at the 
individual level. 

The main purpose of the present study was to assess a 
series of clinical and salivary risk indicators in the 
prediction of caries increment in adolescents. The 
description of base-line data and the association of 
single factors to 1 I-month caries increment have been 
reported separately (1 4). The present report was aimed 
to analyze the combined effect of the risk indicators and 
their interaction in relation to caries increment through 
multifactorial modeling. 

Materials and methods 
’The subjects (1 0 1 boys and 80 girls) and methods have 
prrviously been reported in detail (14); they are 

described here insofar as relevant to the present 
analyses. The mean age of the subjects initially, in 
1989, was 13 years and 3 months (from 1 1 years and 10 
months to 14 years and 1 1 months). The risk indicators 
included four clinical registrations-that is, past caries 
experience (DFS), white spot lesions (defined as white, 
opaque lesions on the buccal or lingual tooth surfaces 
close to the gingival margin (15)), percentage of teeth 
with visible plaque, and percentage of teeth with 
gingivitis-and six salivary determinations-that is, 
paraffin-stimulated secretion rate (ml/min), buffer effect 
(DentobufP, Orion Diagnostica, ESPOO, Finland), 
sucrase activity (DextrostP, Ames Division, Miles, 
Algol AB, Helsinki, Finland), mutans streptococci 
(Dentocult@-SM Strip Mutans, Orion Diagnostica), 
lactobacilli (Dentocult@-LB, Orion Diagnostica), and 
Cundiddyeasts (Oricult@-N, Orion Diagnostica). All 
enamel and dentinal lesions (WHO codes 1-4) and 
fillings were registered for each tooth surface. Early 
enamel lesions (WHO code 1) were not included in the 
DFS index. The caries increment was calculated as the 
difference between the DFS indices registered a t  the 
base-line and the final examinations. A caries incre- 
ment, considered as a sign of caries activity, was found 
in 2 1 YO of the subjects. 

In multifactorial modeling the 1 1-month caries 
increment (ADFS) was used as the dependent variable. 
All the above risk factors, together with past caries 
experience, gender, and age, the latter dichotomized as 
< 13 and 21 3 years, were used as independent variables. 
Logistic regression analysis was used to estimate the 
difference in the logarithmic risk of caries activity. The 
models were developed in accordance with Kleinbaum 
et al. (1 6), using the BMDPLR procedure in the BMDP 
statistical software (1 7). Initially, all univariate factors 
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Table 2. Regression coefficients, standard errors, odds ratios (OR), 
and 95% confidence limits for Variables related to risk of caries-active 
status, on the basis of the final model, in 1 1- to 14-year-olds (n = 181) 
in Oulu, Finland 

Table 1. Regression coefficients, standard errors, odds ratios (OR), 
and 95%.confidence limits for variables related to risk of caries-active 
status, on the basis of the final model, in 1 1- to 14-year-old boys and 
girls and in caries-free subjects in Oulu, Finland 

OR and its 95% 
Variable Coefficient SE confidence limits 

~ 

Boys; n = 101 
White spots 2.17 1.09 8.8 1.0-76 
C d d a  x white spots 1.31 0.56 3.7. 1.2-11 
Constant -3.56 1.01 

DFS x age 2.13 0.61 8.4 2.5-28 
Constant -2.28 0.47 

Candida x white spots 2.88 0.85 17.8 3.3-96 
Constant -3.06 0.59 

Girls; n = 80 

Caries-free subjects; n = 78 

were included; subsequently, all possible two-factor 
interaction terms were added one by one, and those 
found significant and ‘sensible’ were included. Non- 
significant terms were then excluded from the model. 
The final model was the most parsimonious and 
clinically sensible model. As gender had a significant 
effect on caries increment, the analyses were initially 
performed for boys and girls separately. The qnalyses 
resulted in different models for boys and girls. As this 
would not be practical, the analysis was carried out also 
for both sexes combined. Additionally, a separate 
analysis was carried out in initially caries-free subjects. 
The risk-odds ratios (OR) and their 95% confidence 
limits were calculated for the variables of the final 
model (18). In addition, we calculated the sensitivity, 
specificity (1 9), positive and negative predictive values 
(20), percentage of correct predictions, and relative risk 
associated with the final model when the best clinically 
practical criterion was used for screening. 

Results 
The final model for boys included white spot lesions and 
Candda, with a significant interaction between these 
variables (Table 1). The estimated odds ratio of being 
caries-active was 8.8 for those with white spots in 
comparison with those without. The corresponding 
additional OR was 3.7 for those with Candida-positive 
tests in comparison with Candidu-negative subjects, 
proc;ided that white spots were also present. For those 
without white spots the presence of Candida had no 
effect. With the best practical cut-off point for screening 
(‘both tests positive’), the overall accuracy of the model 
with the present material was 78% (Table 4). 

The final model for girls included age and past caries 
experience (DFS), with interaction between the vari- 
ables (Table 1). In girls 21 3 years old the estimated OR 
of being caries-active was 8.4 when the subject was 
DFS-positive in comparison with DFS-negative subjects. 
In younger girls DFS had no effect on caries activity. 

OR and its 95% 
Variable Coefficient SE confidence limits 

DFS 0.94 0.46 2.6 1.0-6.3 
Candih 1.16 0.41 3.2 1.4-7.2 

Constant -2.54 0.42 
Sucrase x DFS 1.46 0.59 4.3 1.3-14 

The best practical cut-off point for screening was ‘both 
tests positive’, resulting in an accuracy of 76% (Table 4). 

When boys and girls were analyzed together, the final 
model included DFS, Candida, and salivary sucrase, with 
interaction between DFS and sucrase (Table 2). The 
estimated OR was 2.6 when the subject was DFS- 
positive; the additional OR for Candida-positive subjects 
was .3.2, and that for sucrase-positive subjects 4.3, 
provided that also DFS was positive. In DFS-negative 
subjects sucrase had no effect. 

The observed and estimated distributions of the 
subjects on the basis of positive and negative tests and 
proportions of subjects with caries activity are shown in 
Table 3. The best practical criterion-that is, ‘presence 
of past canes and Candida- and/or sucrase-positive’ 
resulted in the present subjects in an accuracy of 75% 
(Table 4). The ability of the model to iden* subjects 
developing caries was 55%, and those not developing 
canes, 80% (Table 4). 

When analyzed separately in caries-free subjects, the 
final model included white spots and Cadda, with 
interaction between the variables (Table 1). In subjects 
with white spots the estimated OR of being caries-active 
was 17.8 when the subject was also Candida-positive. 
With the criterion ‘both tests positive’ the model 
resulted in an accuracy of 88% (Table 4). 

Discussion 
The present subjects were teenagers, more than half of 
them having caries or fdings at the base-line examina- 
tion. Since approdately one in five developed deep 
enamel or dentinal caries lesions during the follow-up, 
the subjects are considered to match Finnish adolescents 
in general. The relatively low number of subjects limited 
the analysis to modeling. As the model could not be 
validated in a separate material, the present accuracy 
values are probably slightly overestimated. The im- 
portance of the results lies in the multifactorial 
approach to caries prediction and in their clinical 
implications. 

Gender-related differences in children and adoles- 
cents have been demonstrated previously in oral health 
and in many variables associated with it. For instance, 
girls have a higher caries experience (21) and a lower 



ACTA ODONTOL SCAbID 54 (19%) 

the combination of information from several tests is 
demonstrated by the increase in risk ratio values. The 
better balance between the proportion of positive cases 
and those with caries increment is an even more 
important improvement, especially when accompanied 
by relatively high accuracy values. 

The present findings indicate the importance of past 
caries experience in the prediction of caries but also that 
this vanable is not acceptable as a single test at either 
the group or the individual level. This is in line with 
earlier observations in children and adolescents (5,6,9). 
The presence of Candzda along with past caries 
experience provided additional information €or the 
prediction of caries increment in the present subjects. 
This accords with an earlier study with elderly subjects 
(1 1). It is not suggested that the presence of Cundzdu is 
causally associated with caries, their presence being 
merely an indication of unfavorable conditions in the 
oral cavity. The activity of salivary sucrase, as the third 
risk indicator in the final model, may also be of potential 
value in caries prediction in adolescents, although it has 
not been found to be significant in the prediction of root 
caries in the elderly (1 1). 

Surprisingly, the present model does not include 
lactobacilli, although these have frequently been found 
to have the greatest power in caries prediction afier past 
caries experience (6, 12, 13). In fact, the present model 
with adolescents differs from the final root caries model 
for the elderly only in the replacement of lactobacilli by 
sucrase (root DFS, Cundidu, lactobacilli) (1 1). 

The model identified 55% of subjects who developed 
caries within 11 months. This is acceptable, when 
combined with 80% ability to identify those not 
developing canes. The figures are comparable also 
with those of earlier studies in adolescents (1,2, 7,8, 10). 
More strict criteria for ADFS (22 or 23) produced even 
higher sensitivity and specificity combinations, but 
clinical approach and low caries prevalence made it 
most practical to select the ‘no versus some caries’ 
approach for the study. 

In a selected group of caries-free subjects a clearly 
higher accuracy of 88% (63% sensitivity, 91% speci- 
ficity) was obtained, reaching the recommended 80% 
target level. With canes-free subjects the presence of 
incipient caries lesions and salivary Candida would 
inform about increased risk for development of caries. 
Our clinical approach and easily applicable tests 
increase the clinical value of the results. Comparable 
83% accuracy was observed also in a selected material 
of canes-free 6-year-olds (26). Although informative and 
valuable as such, these figures cannot be directly 
compared with those obtained in unselected groups. 

The information of the present model PFS, Candida, 
sucrase) is valuable in the targeting of preventive 
measures at an individual level and in the motivation 
of patients. For instance, with subjects with earlier or 
present caries experience, the use of two tests, one for 
salivary yeasts and/or Candida and the other for salivary 

‘Table 3. Distribution of subjects on the basis of positive and negative. 
rests within the final model, and observed and estimated proportions 
of caries increment 

Proportion of caries increment 
Subjects, 

DFS Candida Sucrase n Observed Estimated 

55 
5 

54 
16 
2 

33 
14 
2 

0.04 
0.20 
0.17 
0.31 
0.00 
0.39 
0.57 
0.00 

0.07 
0.07 
0.17 
0.20 
0.20 
0.39 
0.47 
0.74 

salivary secretion rate and buffer effect than boys 
(22,23). On the other hand, poor oral hygiene is 
commoner in boys than in girls (24,25). The relation- 
ship between caries risk indicators and caries increment 
is not necessarily similar in boys and girls, as shown 
previously by Honkala et al. (9) and Bader et al. (l), and 
confirmed in the present material. These results, 
however, are inconsistent with the findings of large 
field studies with numerous other explanatory variables, 
in which no association with gender has been observed 
(2, 7). Whatever the effects, the behavioral and 
hormonal differences between boys and girls may be 
additional confounders in caries prediction in adoles- 
crnts. 

The accuracy of the final models--that is, 78% for 
boys and 76% for girls-is reasonable, although lower 
than the 80% target level. The use of these tests for mass 
screening thus cannot be recommended without 
reservation. The use of different variables and/or 
criteria for boys and girls would likewise not be 
practical in clinical canes risk assessment. Thus it is 
the analysis carried out in the combined material which 
provides essential information for clinical use. Further- 
more, this analysis resulted in marginally lower accuracy 
(75%) in screening than the analyses with boys and girls 
separately. The effect of the multifactorial analysis and 

Table 4. Sensitivity (Sn), specificity (Sp), positive (Pv? and negative 
( f i r - )  predictive values, percentage of correct predictions (A), and 
relative risk (RR) associated with the final models in boys, girls, all 
subjects, and in initially caries-free subjects, with best practical 
criterion used for screening 

Sn, Sp, Pvf, Rr-, A, 
Model and criterion % %  % % % R R  

~ ~~~ 

Boys (n 2 101): white spots, Candida 

Girls (n = 80): DFS, age 

Total (n = 181): DFS, Cdziia, sucrase 

Both tests positive 57 84 48 88 78 4.0 

Both tests positive 71 78 46 91 76 5.0 

D S  positive, and C d d ~  
and/or sucrase positive 55 80 43 87 75 3.3 

Both tests positive 63 91 45 96 88 9.7 
Caries-free subjects (n = 78): white spots, C d i h  
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sucrase activity, would provide additive, semiquantita- 
tive information of caries risk. The risk of canes 
increases with an increasing number of positive tests. 
Other risk indicators analyzed, although significant as 
single tests, do not provide any additional information 
for risk assessment. It is necessary, however, to study the 
validity of the results also in separate materials before 
making any detailed clinical recommendations. 
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