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Base-line data on a series of risk indicators were related to 1 1-month caries increment in 18 1 subjects with 
a mean age of 13 years and 3 months. A caries increment equalling or exceeding one tooth surface was 
recorded in 21 % of the subjects. The risk indicators consisted of past caries experience, white spot lesions, 
visible plaque and gingivitis, and six salivary tests: secretion rate, buffer effect, sucrase, mutans streptococci, 
lactobacilli, and Candida. Significant associations between caries increment and past caries experience 
( p  = 0.002), white spot lesions ( p  = 0.01), lactobacilli ( p  = 0.02), Canduia ( p  = 0.006), and sucrase 
(p = 0.02) were observed. The ensuing odds ratios were thus recorded past canes experience, 3.6; white 
spot lesions, 2.9; salivary sucrase activity, 2.9; lactobacilli, 2.5; and Candida, 2.8. 0 Dental car&; rirk 
a c s e s m t ;  saliua; sex-related dzrJirmter 
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To reduce the cost of dental health care in children, 
preventive measures should be targeted to caries risk 
subjects. Consequently, methods for identifjrlng caries- 
prone children should be available for practical 
implementation. Various indicators covering clinical, 
microbiologic, salivary and socioeconomic factors have 
thus been analyzed and discussed in relation to caries in 
children and adolescents (1,2). So far, previous reports 
have shown that none of the indicators associated with 
caries increment might reach the target level of 80% of 
correct predictions (3-7). Even past caries experience, 
often shown to be the strongest predictor of future caries 
(7, 8), has limitations in populations with either very low 
or very high prevalence of caries (7-11). In contrast, 
however, multifactorial assessment has proved its value 
when using caries increment as the dependent variable 
in longitudinal studies (9-14). The aim of the present 
study was to analyze the predictive value of a series of 
caries risk indicators as single factors in relation to 11- 
month caries increment. The results obtained through 
multifactorial modeling will be reported separately in a 
subsequent study. 

Materials and methods 
Subjects 

The initial number of subjects was 197, all attending 
elementary school ih Oulu. After 16 dropped out owing 
to change of residence, illness or medication, 181 
subjects, 101 boys and 80 girls, were observed over a 
mean 1 l-month period, in 1989-90. The mean age of 
the subjects was 13 years and 3 months (range, 11 years 
and 10 months to 14 years and 1 1 months). The 
children were provided with dental health services 

covering all fields of clinical dentistry at the clinics of the 
local Municipal Health Center. Fluoride varnish was 
applied topically once or twice a year in all cases. All the 
necessary restorative procedures were completed before 
the commencement of the study. The subjects were 
asked to ref>ain from eating and smoking for an hour 
before the tests and not to brush their teeth in the 
morning of the examination. Subjects taking drugs that 
reduce the salivary secretion rate and/or antibiotics 
within a 2-week period preceding the day of examina- 
tion were excluded. None of the subjects received 
topical applications of chlorhexidine before or during 
the course of the study. The clinical examinations were 
carried out over a 3-month period in the mornings at 
the clinic closest to the subjects’ schools. The recordings 
and the tests were conducted by one dentist @I. Raitio) 
assisted by a chairside assistant. 

Curies obsmatiom 
Coronal caries, including deep enamel and dentinal 

caries lesions (WHO codes 24) ,  was recorded clinically 
on a tooth surface basis (1 5); radiographs were not taken 
owing to existing regulations. Filled surfaces, sealants, 
and the number of erupted teeth were assessed 
clinically. Early enamel lesions (WHO code 1) were 
thus not included in the DFS index. The caries 
increment (ADFS) was calculated as the difference 
between the figures recorded at the find and the base- 
line examinations. Any increase in the DFS index was 
considered a sign of caries activity. 

whit8 5pOt L!&OnS 

Incipient lesions, located on buccal and lingual tooth 
surfaces (WHO code l), were recorded when the 
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was collected during the latter phase (ml/min), its buffer 
effect and sucrase activity were measured, and the rest 
of the saliva used for the dip-slide tests of lactobacilli 
and Candida. 

Table 1. Mean values and standard deviations of age, number of 
tecth, past caries experience (DFS), decayed surfaces (DS), filled 
surfaces (TS), and sealants in 1 1 - to 14-year-olds in Oulu, Finland, at 
(he base-line examination in 1989 (n = 181). There were no 
significant differences between boys and girls (Student's t test) 

Boys Girls 

Variables Mean SD Mean SD 

Age 13.5 10.8 13.1 9.8 
No, of teeth 26.0 3.3 26.6 3.0 
DFS 2.8 4.2 2.6 4.1 
DS 0.1 0.4 0.3 1.1 
FS 2.7 4.0 2.2 3.4 
Sealants 5.3 2.7 5.7 2.8 

x- 

crrcical border was I 1  mm from the gingival margin 
(15). 'The presence of white spots was used as a risk 
indicator. 

Visibb plaque index 

with visible plaque buccaliy and/or lingually. 
The index was calculated as the percentage of teeth 

Giy'vitis index 
The index was calculated as the percentage of teeth 

with one or more clinical signs of inflammation-that is, 
bleeding, swelling, and redness. 

Saliva9 secretion rate 
Salivary secretion was prestimulated by chewing 

parafin wax for 2 min, followed by inoculation for the 
Strip Mutans test and further chewing for 5 min. Saliva 

Buffir effect 
The buffer effect was measured by the colorimetric 

screening method DentobuP (Orion Diagnostica, 
ESPOO, Finland), in which the color of the sample was 
compared against the manufacturer's model chart and 
interpreted on a scale of nine scores between pH 3.0 
and 7 (16). 

Sucrase activity 
The activity of sucrose-cleaving enzymes was mea- 

sured in accordance with the method of Hamalainen et 
al. (17). The final glucose concentration was measured 
with DextrostkF Strips (Ames Division, Miles, Algol 
AB, Helsinki, Finland), and the results expressed as four 
scores from 0 to 5.0 mmol/min x g prot x lop3. 

Mutans streptococci 

The Dentocult@ SM Strip Mutans (Orion Diagnostic) 
was used to estimate the salivary count of mutans 
streptococci (1 8). The results were expressed on a four- 
step scale ranging from no counts to >lo6 colony- 
forming units per ml (CFU/rnl). 

Lacto bacilli 
Dentocult@-LB (Orion Diagnostica, @as used for 

estimation of the salivary lactobacillus count (1 9). The 

Table 2. Range, dimension, selected cutoff point, and proportion of unfavorable (=positive) test values and 
1 1 -month caries increment (ADFS) in 11- to 14-year-olds in Oulu, Finland, at the base-line examination in 
1989 (n = 181). In the marked variables there was a significant difference between boys and girls (chi-square 
test) 

l'ariable 
Cutoff Proportion of 

Range Dimension point positive tests 

DFS 0-24 Frequency 21 0.57 
White spot lesions 0-14 Frequency 21 0.61 
Visible plaque, O h  0-100 Percentage 225 0.31* 
Gingivitis, % 0-39.3 Percentage 21 0.17 
Secretion rate 0.3-3.8 Ml/min 10.9 0.187 

14.5 0.23$ 
21.5 0.13 Sucrase 0-5 MmoVmin x g prot 

Mutans streptococci 0-2106 CfU/ml 2105 0.35 
Lactobacilli 0-2 1 o6 CfU/ml 210-5 0.33 
Cadida 0-2 1 o6 Cfu/ml t103 0.29 

Buffer effect 3.5-7 PH 

I O - ~  

ADFS 0-15 Frequency 21 0.21 - 
* Boys, 0.39; girls, 0.21; p = 0.01. 
t Buys, 0.12; girls, 0.26; p = 0.01. 
$ Bow, 0.13; girls, 0.35; p < 0.001. 
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Table 3. Sensitivity (Sn), specificity (Sp), positive (l'v') and negative (Pf) predictive values, percentage of 
correct predictions (A), relative risk (RR), and odds ratio (OR) and its 95% confidence limits of risk variables 
when related to 1 1-month caries increment in 1 1 -  to 14-year-olds in Oulu, Finland (n = 181) 

Sn, SP, h+, h-, 4 OR and 95% 
Variable % % % Yo % R R  codid. l i t s  

DFS 
White spot lesions 
Visible plaque, % 

Secretion rate 
Buffer effect 
Sucrase 
Mutans streptococci 
Lactobacilli 
Canduia 

Gingivitis, % 

79 49 29 90 55 2.8 3.6 
79 43 27 89 51 2.4 2.9 
37 71 25 81 64 1.3 1.4 
21 84 26 80 71 1.3 1.4 
24 83 27 80 71 1.4 1.5 
21 77 20 79 65 0.9 0.9 
24 90 39 82 76 2.1 2.9 
42 67 25 81 62 1.4 1.5 
50 71  32 84 67 2.0 2.5 
47 76 34 84 70 2.2 2.8 

1.5-8.4 
1.2-6.7 

0.6-3.4 
0.6-3.7 
0.4-2.1 
1.1-7.2 
0.7-3.1 
1.2-5.2 
1.3-5.8 

0.7-3.0 

results were grouped into five categories between no 
counts and lo6 CFu/ml. 

Candida 
OricuP-N (Orion Diagnostica), a method for 

determining yeasts (20), was used for the salivary 
Candtda counts. The colonies were read off by reference 
to the Dentocult-LB model density chart. 

Ana~sis of data 

A11 the variables were evaluated for dichotomization 
at several cutoff points, the selection being based on the 
best practical combination of sensitivity and specifcity 
(21). The variables were further analyzed by means of 
ratios measuring accuracy (percentage of correct 
predictions), positive and negative predictive values 
(22), and relative risk and odds ratio (23). The 
significance of the observations and the effect of age 
and sex were tested with the chi-square test or Student's 
t test, the significance level being p < 0.05. The SAS 
statistical software was used for data management and 
for the statistical tests (24). 

Results 
Base-line observationr 

Mean values and standard deviations for age, 
number of teeth, past caries experience, and decayed 
and sealed surfaces at the base-line examination were 
calculated (Table 1). The proportion of subjects with 
past canes experience was 57%. Significant differences 
were found between the boys and girls with regard to 
visible plaque (p = 0.01), salivary secretion rate 
(p = 0.01), and buffer effect (p < 0.001) (Table 2). 

Follow-up observations 
The mean caries increment (ADFS) for those who 

developed new caries-that is 2 1 Oh of the subjects-was 
2.4 surfaces. Only 10% (8/78) of the initially caries-free 

subjects developed caries. The corresponding propor- 
tion in those with past canes experience was 29% 
(30/ 103). 

The cutoff points when relating the risk indicators to 
the caries increment were 21 for white spot lesions, 21 
for past caries experience, 225% for visible plaque, 21 O/O 

for gingivitis, <0.9ml/min for salivary secretion rate, 
14.5 pH for salivary buffer effect, 21.5 mmol/min x g 
prot 1 0 - ~  for salivary sucrase, 2105 for mutans 
streptococci, >lo5 for lactobacilli and >lo3 for Candida 
(Table 2). 

When the boys and girls were analyzed together, past 
caries experience (p = 0.002), white spots lesions 
(p = 0.01), lactobacilli ( p  = 0.02), Candida (p = 0.006), 
and sucrase (p = 0.02) were significantly associated with 
ADFS (Table 3). However, visible plaque, gingivitis, 
salivary secretion rate, buffer effect, and mutans 
streptococci had no significant association with ADFS 
(Table 3). On the other hand, when the boys and girls 
were analyzed separately, white spot lesions (p = 0.00 1) 
and Candida (p = 0.002) were found to be significantly 
associated with ADFS solely in the boys, and past caries 
experience (p = 0.003), gingivitis (p = 0.02), and lacto- 
bacilli (p = 0.01), respectively, only in the girls (Table 

Risk indicators were also analyzed separately in 
subjects with and without past caries experience. 
Candida (p = 0.005) and white spots (p = 0.02) were 
significantly associated with ADFS in the initially caries- 
free children, and only sucrase (p = 0.046) in those with 
past caries experience (Table 4). 

4) * 

Discussion 
Teenagers are commonly considered to represent a 
particular risk group for caries (25,26). Accordingly, 
such age groups were selected for the present study, and 
the observed proportion of children with past caries 
experience represented the average level in Finnish 
adolescents (27). 
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Table 4. Sensitidy (Sn), specificity (Sp), positive (h+) and negative (P-) predictive values, percentage of 
correct predictions (A), relative risk (RR), and odds ratio (OR) and its 95% confidence limits of significant risk 
variables when related to 1 1-month canes increment in 1 I-  to 14-year-old boys and girls in Oulu, Finland 
(upper scc-tion). Corresponding figures in initially caries-free children and in those with past caries experience 
fiower section) 

Variable 
Sn, Sp, pV+, F V ,  A, OR and 95% 
YO % YO % YO RR confid. limits 

Boys; n = 101 
White spot lesions 95 44 31 97 55 1.1 15.6 
Candid@ 57 78 40 87 73 3.2 4.6 

13 Fs 88 52 33 94 60 5.8 8.3 
Gingivitis, '10 29 92 50 83 79 2.9 4.8 
Lactobacilli 53 75 36 86 70 2.5 3.3 

White spot lesions 88 56 18 98 59 7.4 8.8 
Candidu 63 81 28 95 79 5.6 7.3 

Sucrase 27 89 50 75 71 2.0 3.0 

Girls; n = 80 

Caries-free children; n = 78 

Children with past canes experience; n = 103 

2.0-122 
1.7-13 

1.7-39 
1.2-19 
1.1-10 

1.0-75 
1.5-35 

1.0-8.8 

The  high values of the secretion rate and buffer effect 
in the boys are in accordance with earlier findings 
i28--30), whereas the plaque index results are in 
accordance with reports that this is usually lower in 
girls rhan in boys (31, 32). 

The present observations on the .lack of association of 
visible plaque, gingivitis, salivary secretion rate, or 
buffvr effect with caries increment comply with earlier 
findings (4, 29). Surprisingly, however, mutans strepto- 
cocci are not significantly associated with ADFS, 
although they frequently have been found to possess 
predictive value in univariate analyses (4,5,8, 10). On 
the other hand, the present associations between ADFS 
and salivary counts of lactobacilli and Cadida are in 
accordance with earlier observations (5,6,9, 12, 13). 

The sucrase activity test is a rather new method 
among salivary diagnostic indicators. In contrast to 
earlier observations in elderly subjects with a mean age 
62 years (1 2, 13), it showed a significant association with 
ADFS (Table 3j, indicating validity as a caries activity 
test in adolescents. 

Past caries experience, shown to be the most powerful 
single indicator of the risk of future caries increment in 
children (7-1 I ) ,  yields a higher odds ratio than the other 
indicators in the present material, although its close 
association with ADFS is restricted to the girls. 
Comparable sex-related differences in the prediction 
of caries havr also been reported previously (9, 33). O n  
the other hand, white spot lesions are closely related to 
ADFS in the boys, possibly because of their high plaque 
indices (Table 2). According to Neilson & Pitts (35), the 
incipient smooth-surface lesions provide a valuable 
carirs risk indicator, especially in individuals with poor 
oral hygiene. The white spot lesions have also been used 
as a diagnostic and/or predictive variable previously 
and found to be significantly associated with caries 
increment (4, 34-36). A positive correlation between 
white spot lesions and past caries experience is recorded 
in the present study, and both variables possess 

predictive power with regard to caries when thc data 
are analyzed as a whole. The results indicale the 
importance of past caries experience and white spot 
lesions in caries prediction. On the other hand, the 
effect of past caries experience on the association of risk 
indicators with caries increment also reflects the 
difficulties of caries prediction in populations with 
different caries prevalences. 
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