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The role of fluoride (q dentifrices in caries decline was investigated by assessing the effect of variation in 
their use on caries scores among teenagers. The material comprised 2 1 1 subjects aged about 1 I years at 
base line and 18 years at the last examination. Pairs ofposterior bitewing radiographs were assessed by one 
examiner. Information concerning dental health behavior was collected by questionnaire and about 
treatment received from dental records. A reversal of the traditional DFS gender difference occurred 
during teenage years. Multivariate regression analyses showed an inverse relationship between variation in 
F dentifrice use and current decay (D,S) at age 18 years (P < 0.04) and with caries incidence per year 
(D,FS) during the whole observation period (P < 0.02). Total explained variance in 6-year AD,FS scores 
was 29.8%, of which variation in toothbrushing behavior contributed 1.8 percentage points. While 
confirming the multifactorial nature of dental caries, these results also provided quantitative evidence for 
the role of variation in F dentifrice use in caries incidence and decline. 0 Dental canes; denhhces; epidtmiolog; 

fluoride; herd 
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When it was realized that the decrease in caries 
prevalence had occurred both in populations with and 
without community or school-based caries preventive 
programs, it was postulated that widespread use of 
fluoride (E) dentifrices must have played a major role 

Randomized controlled clinical trials lasting up to 7 
years have shown that use of F dentifrices on average 
reduces caries incidence among children and adoles- 
cents by 20% to 30% (3-5). That persons who brush 
their teeth frequently have less caries than those who 
brush less often has also been attributed to differences in 
exposure to F dentifrices (6-8). Further support for the 
role of F dentifrices in caries decline has been provided 
by Chesters et al. (9) and Chestnutt et al. (lo), who 
reported that the caries increment was significantly 
influenced both by the frequency of toothbrushing and 
by the manner in which the mouth was rinsed with 
water after brushing. While these studies show that the 
use of F dentifrices probably has contributed to the 
observed caries decrease, they do not account for 
reductions of up  to 85% (1 1, 12). They do not explain 
why the decline coincided with the release for sale of F 
dentifrices in Norway (2) but after a delay of many years 
in Denmark (1 3) and Iceland (14). Nor do they tell why 
the decrease in caries prevalence has continued in 
successive cohorts of children and adolescents with life- 
long use of F dentifrices (13, 15) and why the DMF 
gender dXerence persists even though girls brush their 
teeth with F dentifrices more frequently than boys (12, 

(1-3). 

16); It is also difficult to explain why caries increased 
among Scottish 5-year-old children after two commu- 
nities discontinued water fluoridation in spite of general 
availability of F dentifrices (1 7, 18) or how an increase 
in the market share of F dentifrices from 6% to 15% 
could account for a 25% to 85% reduction in caries 
experience among children in a Japanese town between 
1975 and 1985 (19). 

Considering that the caries-preventive efficacy of F 
dentifrices is established beyond doubt and their use is 
widespread in industrialized countries, it would be 
unethical to withhold F dentifrices from existing users to 
provide direct evidence for their ‘major role’ in the 
caries decrease. On the other hand, if F dentifrices are 
as potent a canes-preventive agent as claimed (1-3), 
then existing variation in the frequency of use (6-8, 20) 
and in rinsing practices after toothbrushing (9, 10, 21) 
might be used to provide some direct evidence for its 
likely contribution to caries decrease. Consequently, the 
purpose of this investigation was to study the effect of 
variation in F dentifrice use on caries prevalence and 
incidence on the basis of gender in the age range 10 to 
18 years. 

Materials and methods 
Matmals 

The guardians of 495 children 10 to 12 years of age 
@om 1973-75) living at Voss (<0.05mg FA in the 
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Table I .  Distribution of subjects by gender, age (base line), reported oral hygiene practices, exposure to 
fluorides, intake of snacks, satisfaction/dissatisfaction with dental appearance, and belief in retention of 
natural teerh for life 

Females Males 
Both, 

Variables Categories n Y O  P n YO % 

Age (years) 

Toothbrushing 

Interdental 

Rinsing (water) 
after brushing 

Fluoride toothpaste 

Fluoride tablets 

Fluoride rinses 

Fluoride topical 

Sweets 

Sugar/sugar-free 

Snacks 

Appearance 

Teeth for life 

10- 
11- 
12+ 
<Once/day 
>Twice/day 
Yes 
N o  
<Once 
?Twice 
Yes 
N O  
Yes 
N O  

Yes 
NO 
6-8 
9-1 1 
12-14 
<Once/day 
2-3 
4 1  
Alwaydmostly s u p  
Half-and-half 
Always/mostly sugar- 

Yes 
N O  
Satisfied 
Neither. . . 
Dissatisfied 
Certaidfairly certain 
Uncertain 
Definitely not 

free 

29 
56 
16 
1 7  
84 

62 
50 
50 
99 

1 
69 
30 
45 
55 
14 

8 

12 
6 
6 

34 
61 

25 
76 
70 
24 

7 
80 
20 

1 

38 

78 

a2 

29 
55 
16 
17 

39 
61 
50 
50 
99 

1 
70 
30 
45 
55 
14 

a3 

78 
a 

a2 
12 
6 
6 

34 
60 

25 
75 
69 
24 

7 
79 
20 

1 

43 
NS 51 

16 
57 

cO.001 51 
22 

<0.008 86 
53 

NS 55 
107 

NS 1 
71 

NS 37 
34 

NS 74 
20 

NS 73 
16 
87 

NS 14 
6 

22 
c0.025 34 

51 

26 
N S  81 

60 
NS 42 

5 

N S  27 
2 

7a 

39 
46 
15 
53 
47 
20 

49 
51 
99 

1 
66 
34 
31 
69 

67 
15 
81 
13 
6 

21 
32 
48 

24 
76 
56 
39 
5 

73 
25 

2 

ao 

la 

34 
51 
15 
35 
65 
29 
71 
51 
49 
99 

1 
68 
32 

62 
16 
72 
12 
82 
13 
6 

13 
33 
54 

25 
75 
62 
32 
6 

76 
23 

1 

38 

NS = not significant. 

drinking water) gave written informed consent for their 
dependents to participate in an F varnish study (22). 
One hundred and six subjects were excluded during the 
3-year trial because they wore a futed orthodontic 
appliance, which made caries diagnosis difficult. 
Another 177 subjects moved from the area or failed 
to attend for examinations either during the trial 
(1985/85-1988/89) or during the follow-up period, 
which ended in February 1993. Of the remaining 2 12 
subjects, 1 was excluded because of missing information 
about treatment received and oral health behavior. 
This left 211 subjects (101 girls), whose distribution in 

I accordance with age at base line and gender is given in 
Table 1. Their mean age at base line was 11.3 (f0.6) 
years, and at the last examination 17.6 (f0.8) years. 
The girls were on average 1 month older than the boys 

Missing information on independent variables (Table 
1; explains the reduced number of subjects available for 
multivariate analvses (Tables 5-7). 

(p > 0.20). 

Dental care. All participants received annual clinical 
and radiographic examinations and necessary dental 
treatment from the Public Dental Services during the 3- 
year trial. During this period they received dental 
prophylaxis followed by topical application of F varnish 
every 6 months. Both the length of recall intervals and 
the frequency of topical application of F varnish were 
adapted to the needs of the individual during the 3-year 
follow-up period. By the end of the observation period, 
the mean number of F varnish applications was 9.9 
(95'/0 confidence limits (CL), 9.7; 10.1). 

Information about professional topical application of 
F (mostly DuraphatE), the number of surfaces filled 
during each course of treatment, and whether a change 
of dentist occurred during the follow-up period was 
obtained from patient records. 

CaTies acsesmt. Caries data are based on the 
radioaaDhs from the first (base line) and the fourth 
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examination of the clinical trial (22) and the final follow- 
up examination in 1992/93. One pair of posterior 
bitewing radiographs was exposed, using Kodak DF57 
or DF53 ultra-speed films and a Kwik-bite fdmholder. 
Exposure time and processing were in accordance with 
the manufacturer’s recommendations. The radiographs 
were assessed under standardized conditions in a 
darkened room, using a radiographic viewer with a 
x2 magnification. One trained examiner used the 
scoring criteria shown in Table 2 (23). The examination 
comprised 24 approximal surfaces of molars and 
premolars. In addition, radiographic occlusal fillings 
and gross caries were recorded for the same teeth (16 
surfaces), as it was anticipated that occlusal caries would 
contribute a sizable proportion of the total caries score. 

Caries diagnostic reproducibility was determined by 
independent reassessment of about 10% of the bitewing 
radiographs. Reproducibility was acceptable, with a 
Cohen’s kappa greater than 0.81 (24). No statistically 
significant systematic error was detected by means of 
Student’s t test for paired observations (P > 0.10). 

Three to 4 years elapsed between the assessment of 
the radiographs from the trial and those taken during 
the follow-up period. To  check whether the examiner 
had changed his interpretation and application of the 
diagnostic criteria, 72 sets of bitewing radiographs from 
the trial were re-examined in 1993 without access to 
previous records. Student’s t test for paired observations 
showed no significant shift in caries diagnostic level over 
time (P > 0.10). 

@stionnaire. At the last examination the subjects 
completed a pretested and precoded questionnaire 
containing 18 questions. The items relevant to the 
present investigation are listed in Table 1. To  check and 
improve the reliability of information about the type of 
dentifrice used, the subjects were first asked whether the 
dentifrice they used contained F. They were then asked 
to indicate on colored photographs, which, if any, of the 
15 dentifrices most sold at Voss they used. Concordant 
answers were given in 92% of instances, and 15 subjects 
who replied ‘don’t know’ to the former question chose 
an F-containing dentifrice in the pictorial set-up. The 
respondents were also asked the extent to which they 
rinsed their mouths with water after toothbrushing (9). 

Data anaQses. The data were coded, computerized, 
and proofread. The SPSS for Macintosh (version 6.1) 
was used for the analyses. 

Chesters et al. (9) suggested that the associative effects 
of brushing frequency and methods of mouthrinsing on 
caries are probably additive. In keeping with this 
assumption, the frequency of toothbrushing yesterday 
(0 ’= did not brush; 1 = once; 2 = twice or more), use of 
F dentifrice (0 = no; yes = l), and the number of 
mouthrinses with water after toothbrushing (1 = 2 or 

constructed (scale, 1-5). The variables cariogenic snacks 
between meals (0 = yes; 1 = no), consumption of sweets 
yesterday (1 = more than 3 times; 2 = three times; 3 = 
twice; 4 = once; 5 = none), and choice of sugar-free 
chewing gum/pastdles (0 = always sugar; 1 = mostly 
sugar; 2 = half-and-half; 3 = mostly sugar-free; 4 = al- 
ways sugar-free) were also combined to form a scale 
from 1 to 10. Low values indicated undesirable, high 
values desirable behavior. 

Mean scores and their standard deviations were used 
to summarize continuous (age; duration of study) and 
numerical discrete variables (DFS; F applications) and 
the frequency distribution (percentage) of subjects for 
categoric variables (gender, behavior, satisfaction, and 
so forth) (Tables 1 and 3). 

The bivariate associations between dependent and 
independent, and among independent variables were 
studied using Spearman’s rank correlation coefficient. 
Independent variables that correlated with each depen- 
dent caries variable (P < 0.20) were then used in linear 
stepwise multiple regression analyses. With weak and 
statistically not significant correlations between expla- 
natory/control variables, collinearity was no problem. 
The distributions of subjects in accordance with caries 
score (DS; DFS) showed positive skewness, and the 
standard deviations tended to be proportional to the 
mean. Loglo transformation was used to stabilize 
variance and to make distributions more normal (25). 

Student’s t test for independent samples and for 
paired observations was used as appropriate. The 
significance of multiple correlation coefficients was 
tested using the F test (25). Chi-square tests were used 
when comparing frequency distributions of boys and 
girls on the basis of behavioral characteristics. The level 
of significance was set at 5%. 

Table 2. Scoring codes and criteria for diagnosis of approximal 
radiographic caries* (23) 

Scoring code Description 
~ 

0 
1 

2 

3 

Caries-free surfaces (sound) 
Caries in the enamel not penetrating more than 

halfivay into enamel 
Canes penetrating more than halfway into enamel 

but not involving the amelodentinal junction 
Caries of enamel and dentin regardless of depth of 

penetration 
Secondary caries regardless of depth 
Filled surfaces without evidence of secondary caries 
Extracted surfaces because of caries 
Missing for other reasons 
Surfaces missing from the fim or overlapping and 

unreadable - .  
more; 2 = one; 3 = none) were combined into an 9 Unerupted surfaces 
additive index (scale, Since 99y0 Of the subjects 
reported F dentifrice use, an alternative index consisting 
of brushing and water mouthrinsing frequency was also 

* If in doubt about the existence or degree of caries in accordance 
with these criteria, then ‘sound’ or the lesser degree of caries was 
recorded. 
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Table 3. Mean and standard deviation (s) caries scores in accordance with gender and examination 
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Females (n = 10 1) Males (n = 110) Both (n = 21 1) 

Index Mean S Mean s hlean s 

First examination 

Last examination 
DIFS 1.12 1.72 XS 1.02 1.53 1.07 1.62 

1.59 1.86 ** 3.59 3.54 2.64 3.03 
6.14 5.67 DIFS 4.68 5.03 *** 7.48 5.92 

8 4.37 4.74 D3FS 3.59 4.43 5.09 4.92 
DiFS (approx. + occl.) 9.98 8.31 *+* 14.19 8.83 12.18 8.82 

AD I FS 0.56 0.62 *# 1.02 0.82 0.80 0.77 

DIS 

Caries incidence/yeart 

t Berween the first and the last exammation. 
N S  = not ugnificanr, * P < 0.05; ** P < 0.0 1. *# P < 0 001 

Results 
Behavior 

Wherras all except two subjects reported that they 
used an F-containing dentifrice, there was variation in 
the frequency of brushing and of rinsing with water 
after toothbrushing and in the use of dental floss/ 
toothpicks (Table 1). Girls reported significantly higher 
frequency of toothbrushing and interdental cleaning 
than boys (P < 0.01). They were also more likely than 
boys to choose sugar-free chewing gum/pastilles 
( P  < 0.025). Otherwise, there were no significant 
differences in dental health behavior (Table 1). 

Canes prvrlalence 
Table 3 shows mean (4  5) caries scores in accordance 

Nith gender and examination. The DIS score (last 
examination), which was significantly higher among 
boys than among girls (P  < 0.001), was significantly 
associated with the frequency of toothbrushing 
(P  < 0.01) and the two toothbrushing indices 
( P <  0.05) but not with the frequency of rinsing with 
water after brushing in bivariate analyses (Table 4). The 

Table 4. Spearman's rank correlation coefficient (rJ between 
frequency of toothbrushing (Brush); the number of postbrushing 
water rinses (PBWR); the fluoride toothbrushing index (FTBI), the 
frequency of brushing and postbrushing water rinsing index 
(BRWU), and the caries prevalence or incidence scores (n = 208- 
209) 

Rank correlation (rJ 

. Canesindrx Brush PBWR FTBI BRWRI 

D;S -0.21** -0.06 -0.17' -0.17' 
DLFS -CJ,19+* -0.03 -0.12 -0.13 
DiFS -0.13 0.00 -0.07 -0.07 
DiFS -0.?1** -0.02 -0.13 0.13 

(40 surfaces1 
ADIFS -0.19** -0.05 -0.14' -0.14' 

* P < 0.05; ** P < 0.01; *** P < 0.001 ( I  test). 

effect of frequency of toothbrushing (Table 5) and the 
toothbrushing indices (results not presented) remained 
statistically significant after controlling for confounding 
by multiple regression analysis. 

The mean DIFS and D3FS (dentin caries) at the last 
examination were significantly higher among boys than 
among girls (P < 0.05). The DlFS scores were 1.3 to 1'.5 
times higher than their D3FS counterparts (Table 3) .  
Bivariate analyses showed a significant association of 
frequency of toothbrushing with DlFS and with DlFS 
(40 surfaces) (Table 4), but neither individual variables 
nor indices of toothbrushing behavior (Table 6) entered 
any of the multiple regression equations for the depend- 
ent variables DIFS, D,FS, and DlFS (40 surfaces). Ad- 
justed @ (explained variance) varied between 14.2% 
and 24.5% (Table 6). 

Fig. 1 shows that, although there was a small 
dlfference in the expected direction (girls > boys) at 
age 1 1  years (P  > 0.20), girls had significantly lower 
DIFS scores (24 surfaces) at ages 14 (P< 0.03) and 18 
years ( P  < 0.001). The same applied to scores based on 
40 surfaces when surfaces extracted because of caries 
were included (2 subjects had lost 1 tooth each). It 
should be noted, however, that the F toothbrushing 
index did not enter the regression equations with DlS, 

Table 5. Result of stepwise multiple regression analysis with the 
logio-transformed number of decayed surfaces 0,s) at the last 
examination as the dependent variable (n = 195) 

Standard 
Independent variables B error (fi Probability 

Gender 0.146 0.049 0.004 
Brushing -0.101 0.048 0.037 
F tablets -0.109 0.048 0.025 
F topical (prof.; follow-up) 0.042 0.0 18 0.02 1 
Soft drinks (NOK) 0.002 0.00 1 0.044 
Constant 0.218 - - 

Adjusted l? 0.156 - 0.000 

Variables not in the equation: age, snacks between meals, sugar 
behavior index, and satisfaction with teeth. 
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Table 6. Results of stepwise multiple regression analyses with logl,,-transformed dependent variables: 
D,FS, D3FS (24 surfaces), and D,FS including posterior occlusal surfaces (40 surfaces) (n = 196) 

D I FS (40) DlFS DjFS 
Independent 

variables P P P P B P 
~ 

Gender 0.191 0.001 - - 0 168 0.002 
F tablets -0.221 0.000 -0.230 0.000 -0.230 0.000 
F topical 0.071 0.000 0.065 0.001 0.070 0.000 
Soft drinks (NOK) 0.003 0.021 0.003 0.029 0.003 0.019 

-0.097 0.007 -0.100 0.002 Satisfaction -0.089 0.009 
Constant -0.007 0.23+ ~ 0.380 - 
Adjusted R’ 0.233 0.000 0.163 0.000 0.246 0.000 

Not in the equation: age, frequency of toothbrushing, snacks, sugar behavior index, and for DIFS also 
gender. 

- 

DIFS, DTFS, and DlFS (40 surfaces) as dependent 
variables in separate analyses for boys and girls (results 
not presented). 

variable to enter all these four equations was caries 
experience at the beginning of respective time intervals; 
it was the only variable in the equation when AD,FS/ 
year during the folio\\ -up period was the dependent 
variable. Explained \ ariance was from 17.6% to 32.4% 

The mean caries increment (AD,FS) from the first to None of the variables measuring toothbrushing 
behavior entered the regression equations when caries 
increment was the dependent variable in separate 
multivariate analysis for boys and girls (0.07 1 < R‘ < 
0.367) (results not presented). 

The seemingly illogical positive association between 
the frequency of professional topical application of F 

Since information about individual self-care was varnishes and caries scores (Tables 5-7) is contrary to 
expectations but is probably attributable to effoi LS to 
limit their use to high-risk individuals. 

Canes inczdence (Table 7). 

the last examination was 5.09 (24.88) or 0.80 (k0.77) 
per year (Table 3). The corresponding estimates for the 
follow-up period were 3.26 ( 2  3.73) or 1.05 (f 1.22) per 
year, and there was a significant gender difference in 
incidence regardless of period (P < 0.002) (Table 3 and 
Fig. 1). 

collected at the end of the study, separate multivariate 
analyses were carried Out for caries increments during 
the follow-up and during the whole observation period. 
Table 7 shows that toothbrushing behavior (brushing/ 
rinsing index) only entered the equation for ADIFS/ 
year throughout the study period. The first independent 

Discussion 
The finding that girls reported more favorable dental 
health behavior than boys (Table 1) agrees with the 
results of previous studies in Norway and other 
countries (20, 26) and confirms that the gender 
difference in frequency of toothbrushing may be used 
to provide direct evidence for or against ‘a major role’ 
of F dentifrices in caries decline (12). That the 
traditional age-specific mean D I FS gender difference 
(gi.rls > boys) was reversed between ages 1 1  and 18 in 
this study (Fig. 1) was to be expected in view of reported 
behavior (Table l), some survey findings (6-8), and 
because girls have experienced greater percentage 
caries reductions than boys after unsupervised use of F 
dentifrices in clinical trials (27-29). While the observed 
reversal of the DIFS gender difference was to be 
expected, it is at variance with the 1988-91 national 
US. survey of children and adolescents (16) and with 

-1 1 -14 -18 most prevalence studies in the past (12). Thus, a meta- 
analysis based on cross-sectional surveys of adolescents 
before and after the introduction of F dentifrices found 
no Significant change in the percentage ITENI gender 
difference (1 2). Methodologic differences among studies 

Age in years 

~ i ~ ,  1. M~~ D ~ F S  and 95% confidence interval for boys (n = 110) 
and girls (n = 101) in accordance with age and gender (24 posterior 
approximal surfaces). 
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Table 7. Results (n of stepwise multiple regression analyses with loglo-transformed dependent caries incidence variables from the follow-up: 
AD IFS/year; AD3FS/year, and AD,FS (M)/year, and from the whole study period: ADIFS/yearo, and independent caries experience 
variables: DIFS at the start of follow-up and at base line* 

ADIFS/year (n = 194) AD3FSIyear (n = 194) AD,FS (40)/year (n = 195) ADIFS/yearo (n = 195) 
Independent 

variables B P B P P P P P 
- - 0.067 0.000 

0.157 0.000 

Gender 0.046 0.004 0.102 0.000 
- -0.003 0.001 - - - - - 

DIFS experience 0.089 0.000 0.199 0.000 0.126 0.000 
Age 

F topical 0.030 0.002 0.019 0.000 - - - - 
- - - - - - F brush/nnse -0.020 0.017 

Constant 1.134 0.353 0.21 1 0.170 - 
Adjusted i? 0.172 0.000 0.297 0.000 0.224 0.000 0.298 0.000 

Not in thr equation: F tablets, expenditure ofsoft drinks, snacks? sugar behavior index, satisfaction with own teeth, and variables marked in the 
table. 
*fir = 

- - - 

Wkole obsenation period. 

may acc'ount for these discrepancies. M'hile this was a 
prospective cohort study, the other studies were cross- 
sectional; this study relied on caries data recorded on 
posterior bitewing radiographs (partial recording), and 
the others on full-mouth mirror and probe examina- 
tions. Other reasons for conflicting results may be 
confounding, selection bias, and recording error. 

In an analysis of co-variance, Chesters et al. (9) found 
a significant effect on caries prevalence of rinse method 
and brushing frequency, findings that are supported by 
studies of oral retention of fluoride after toothbrushing 
and postbrushing mouthrinsing with water (9, 2 1). 
Controlling for confounding by stepwise multiple 
regression analysis, the present study gave less con- 
clusive results (Tables 5-7). The variables reflecting 
exposuri to F in dentifrices entered only 4 of the 24 
equatiom and never in the first step. They contributed 
5% to 10% of total explained variance (adjusted 
R2 < 30?/0) for all subjects and increased it by less than 
2 percentage points on entering the equation. In the two 
instances in which toothbrushing variables entered the 
regression equations for boys (dependent variables, 
DlFS and DIFS (40 surfaces) at the last examination), 
they accounted for 34% to 37% of total explained 
variance, which was 1 1% and 15%, respectively. 
Explained variance in caries prevalence scores less than 
or of the same order of magnitude as the estimates 
reported for 18-year-olds in this study (Tables 5 and 6) 
is a common finding (30-32). 

Variance in caries incidence due to toothbrushing 
behavior was 6% of total explained variance (adjusted 
@ = 0.298) in AD I FS for the whole observation period. 
It entered the analysis in the final step (fourth) and 
increased explained variance by 1.8 percentage points 
(Table 7: .  Using logistic regression analysis, Disney et al. 
(33) also found a significant effect on caries incidence of 
oral hygiene, expressed as mean plaque score. 

When interpreting these relatively modest contribu- 
tions to explained variance in caries scores, it should be 
remembered that it is explained variance due to 

variation in F toothbrushing practices, rather than the 
effect of F-containing dentifrices, as only two subjects 
used a toothpaste without fluoride (Table 1). The same 
applies when assessing regression coefficients @), whose 
absolute values are reduced by the log 10 transforma- 
tions. Furthermore, it is conceivable that the effect of F 
toothbrushing practices on caries scores has been 
underestimated because the frequency of toothbrushing 
may have been overreported (34). 

Using a point estimate of toothbrushing behavior (last 
examination) may also have weakened the association 
between caries scores and F dentifrice exposure because 
of changes of brushing frequency over time. Thus, more 
than two-thirds of the participants in a longitudinal 
Finnish study reported one or more changes in tooth- 
brushing frequency between 12 and 18 years of age (34). 
That a socioeconomic status variable was unavailable 
may have caused overestimation of the effect of F 
toothbrushing behavior (25). The use of initial caries 
experience as an independent variable in the analyses of 
caries incidence may to some unknown extent have 
compensated for this omission because of the repeatedly 
demonstrated significant association between social class 
and DMF scores (35). 

In the four regression equations with caries incidence 
as dependent variable, initial caries experience entered 
the analyses in step one, or as the only variable, and 
accounted for more than 41% of total explained 
variance. This finding is in agreement with published 
results (33, 36). 

Selection bias and loss of subjects may have affected 
the caries scores and reported behavior. This is because 
the participants volunteered for a clinical trial (22). 
Subjects who were lost to follow-up had a base-line 
DlFS score per person of 2.06 (f2.73) ,  compared with 
1.07 (k 1.62) for those who were examined at the last 
examination (P < 0.001), indicating more favorable 
dental health behavior among participants than among 
non-participants. Generalization of observed caries 
scores and rates of dental health behavior to the 
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DentJ 1991;41:43-8. 
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population of teenagers in Voss is therefore inadmis- 
sible. This is, however, not a problem in a study of the 
effect of variation of F dentifrice behavior on the trend 
in the DFS gender difference with increasing age and 
the contribution of this variation to total explained 
variance in caries scores. For these purposes it is more 
important that the same individuals were followed 
throughout the observation period and that the 
percentage of boys and girls in the study group (female, 
48%) was close to that of the population; that is, any 
selection is likely to have affected the results of boys and 
girls equally. 

Checks of examiner diagnostic reproducibility gave 
acceptable results. Neither systematic error of recording 
nor a shift in caries diagnostic level over time was found. 
In addition, the examiner was unaware of the gender of 
the subjects while interpreting their radiographs. 
Consequently, it is precluded that the observed change 
in direction of the DFS gender difference (Fig. 1 )  and 
other findings are attributable to examiner error or bias. 

The statistically significant reversal of the traditional 
gender difference in caries score (Fig. 1) and the 
difrerences in 1; dentifrice behavior (Table 1 )  in this 6- 
year cohort study lends support to the hypothesis that 
regular use of F dentifrices may be an important 
determinant of the caries decrease in Western indus- 
trialized countries. The multivariate analyses (Tables 5- 
7) provided less compelling evidence, both in terms of 
explained variance and the step at which the variables 
pertaining to F dentifrice behavior entered the stepwise 
regression analyses. They confirmed the significant role 
of some other determinants of caries prevalence and 
incidence (Tables 5-7) (8, 12, 19, 30-33, 35-36) and the 
need to consider these when exploring reasons for the 
caries decline (1 ,  12, 37). Because of the importance of 
this issue when choosing a caries-preventive strategy, 
there is a need for further studies to refute or confirm 
these results, preferably in a setting in which the 
proportion of the population using F dentifrices is lower 
than among the participants of this study. 
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