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Abstract

Objective: The aim of this study was to follow attendance patterns longitudinally by
exploring length of intervals between routine dental examinations in children at the ages of 5
and 12 years, and study associations between length of recall intervals and caries prevalence,
controlled for gender, parent’s background and parent’s education. Material and methods:
The study included 2960 children in one Norwegian county monitored from 5 to 12 years of
age. Data were collected at clinical examinations, from dental records and by parental
questionnaires. Length of recall intervals was dichotomized into short (shorter than 18
months) and long (18 months and longer). Data were analyzed and tested using Chi-square
statistics, correlation coefficient and multivariate regression. The study was ethically
approved. Results: Recall intervals were individualized and varied from 4 to 30 months. The
most frequent used recall intervals were 12, 18, 20 and 24 months. A majority of children at
both ages were given long recall intervals. Multivariate logistic regression showed that the
probability of having short interval was higher in children having caries experience than in
caries-free children at both 5 years (OR 12.6 C1 9.9-16.0) and 12 years (OR 2.7 Cl 2.3-3.1).
At 5 years of age, length of recall intervals was associated with parents’ background (OR 1.8
Cl 1.4-2.4) and parents’ education (OR 1.3 CI 1.0-1.5). Conclusions: The results showed that
routine intervals were individualized and extended, indicating that more resources were spent

on children with the highest need of dental care, aiming at reducing health inequalities.
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Introduction

Recall routines in dental care have consequence for patients, dental personnel and policy-
makers. Traditionally 6-month recall intervals have been advocated by health authorities and
dental personnel [1]. Four decades ago, Sheiham initiated debate about length between recall
intervals [2]. The rationale behind 6-monthly recall interval was questioned, and it was argued
that this routine might lead to overtreatment and waste of resources. Recently it has been
suggested in many countries that standardized recall intervals are inappropriate and that recall
intervals should be individualized based on risk assessment [3-7]. Since the 1990s, intervals
between routine examinations in the dental services have gradually been extended and
individualized in the Scandinavian countries concurrent with improvements in oral health [8-
10].

In countries displaying skewed caries distribution, a shift from population-based
interventions to individual routines in children may be favorable in order to optimize cost-
effectiveness [11]. The rationale for individualized recall intervals is to deliver dental care
according to the child’s oral health. Individualizing the length of recall intervals is reasonable
due to the present distribution of caries with the majority of children having no caries, while
for a minority of children the caries experience still remains high [12].

Extending length between recall intervals is considered suitable due to the well-
documented caries decline in the child population [13]. It has been shown that extending
length between recall intervals to 18-24 months in non-risk children has been without
noticeable adverse effects on dental health [14]. The length of recall intervals has gradually
been prolonged as an adjustment to reduced rate of caries progression [15-16], and to
optimize the use of resources in the dental service [17].

There is lack of information about recall intervals between dental examinations

practiced in child dentistry internationally and whether the recall routines influence the dental



health in children. A recent meta-analysis concluded that evidence to support or refute the
practice of fixed recall intervals was insufficient and that further studies are needed [1].

In Norway, all children from birth until the age of 18 years are by law entitled to
individualized dental care in the public dental services free of charge according to the
examiners assessment of caries risk. Nearly all children (97%) visit the public dental services
regularly. The statement requiring at least yearly visits to the dental clinic was removed from
the law in the early 1980s [18]. Individualized and extended recall intervals have been
recommended in child dental care during the last 30 to 40 years [19]. However,
recommendations do not specify length between recall intervals. As caries is multifactorial
and difficult to predict, intervals have in recent years been based on clinicians’ assessment of
each child’s oral health, and not based on specific criteria.

The aim of the study was to follow attendance patterns longitudinally by exploring
length between routine dental examinations in children at the ages of 5 and 12 years. In
addition, the aim was to study associations between length of recall intervals and caries

prevalence controlled for gender, parents’ national background and education.

Material and methods

Study population

All children born in 2002 in one county in Norway (n=7002) were invited to participate in the
longitudinal study at 5 years of age. In total, 5623 children were included, of which 3282
children were available for re-examination at 12 years of age. Only children with complete
data from both examinations were included. The final population consisted of 2960 children,
1537 (52%) boys and 1423 (48%) girls. At the first examination mean age was 5.2 years (SD

0.4) and at the second examination mean age was 12.1 years (SD 0.5).



Methods

Information regarding length of recall intervals and caries experience was collected in
conjunction with routine examinations performed by dentist and dental hygienist in the dental
service. Data was obtained from dental records, by clinical and radiographic examination of
children and questionnaires filled in by parents at the dental visits at age 5 years.

Dental records

A recall interval was defined as time between two routine examinations and specified in
months. Interval since previous routine examination (previous interval) and planned interval
to next routine examination (planned interval) were recorded at both ages. Previous and
planned intervals were dichotomized into less than 18 months (short interval) and 18 months
or more (long interval).

Clinical examination

The examinations were performed by dental hygienists and dentists in a fully equipped dental
clinic using mirror and probe after teeth had been dried with air. Bitewings were taken of 68%
and 99% of children at 5 and 12 years respectively. Caries was reported at tooth level. Teeth
were registered and given codes according to status: sound, decayed, filled or missed due to
caries. Lesions extending into dentine (ds/D3) were reported as caries and children were
categorized as having caries prevalence or not having caries prevalence.

Intra- and interexaminer agreements

Written and oral information about the clinical caries criteria was given to and discussed with
the examiners before data collection started. Intra- and interexaminer agreements were
calculated using Cohen’s kappa [18]. A “gold standard” was developed based on the second
and third authors’ registrations and compared with the examiners’ registrations. The
examination at 5 years of age was performed by 44 hygienists. Intra-and interexaminer

agreements were tested using 20 bitewing radiographs of deciduous molars including 8



approximal surfaces in each radiograph. The mean intra- and interexaminer values were 0.85
(SD 0.12) and 0.86 (SD 0.10). The examination at 12 years of age was performed by 45
dentists and 46 hygienists. Intra- and interexaminer agreement was tested using 8 bitewing
radiographs of permanent molars including 12 approximal surfaces in each radiograph. The
mean intraexaminer and interexaminer values were 0.69 (SD 0.16) and 0.69 (SD 0.17).
Cohen’s kappa values was categorized as substantial to almost perfect [18]. In addition, the
dental service has guidelines regarding caries registration and the dentists and hygienists are
calibrated on regular basis as part of the routines in the dental service.

Questionnaire

Parents completed a questionnaire at the dental examinations. The questionnaire provided
information about the children’s gender, parents’ national background and education.

Parents’ background was registered as mother’s and father’s country of birth,
combined into one variable and dichotomized into both parents having western background
and one or both of non-western background. Non-western background included Asia, Africa,
South America, Central America and Eastern Europa [19].

Parents’ education was registered as mother’s and father’s length of education,
combined into one variable and dichotomized into both parents having high education and one
or both parents having low education. More than 12 years at school was defined as high
education and 12 years or less at school was defined as low education.

Ethical aspects

Written informed consent was obtained from all parents. The study was approved by the
Regional Committee for Medical Research Ethics (2.2006.54 and 2013/1881).

Statistics

The statistical analyses were performed using Statistical Package for the Social Sciences

(SPSS, Inc. Chicago, IL, USA, version 24). Results were reported using frequencies, means,



standard deviations and range. Data were cross-tabulated and differences tested using Chi-
square statistics. Pearson’s correlation coefficient was used to explore the association between
recall intervals. Spearman’s rank correlation was used to investigate collinearity between
independent variables before multivariate analyses were conducted. Multivariate logistic
regression analyses were conducted with previous and planned intervals at 5 and 12 years of
age as dependent variables. Results were reported by odds ratios and 95% confidence

intervals.
Results

Description of family characteristics and caries prevalence in children at the ages of 5 and 12
years is presented in Table 1. The majority of the children had two parents of western
background and more than half of the children had both parents’ with high education. Caries
prevalence in children was low; at 5-years of age the majority and at 12 years of age two-
thirds were caries free.

(Table 1 near here)

In Figure 1 the lengths of previous and planned intervals at 5 and 12 years of age are
presented. The most frequent used intervals were 12, 18, 20 and 24 months at both ages. At
age 5 years about 80% of the children had intervals of 18 months or longer. At age 12 years
65% of the children had intervals of 18 months or longer. Nearly no children had planned
intervals shorter than 12 months at 12 years of age.

(Figure 1 near here)

At 5 years of age mean previous interval was 20.2 months (SD 4.7) and ranged from 6
to 30 months, and mean planned interval was 18.2 months (SD 4.2) and ranged from 4 to 24
months. At 12 years of age mean previous interval was 18.2 months (SD 4.3) and ranged from
6 to 30 months, while mean planned interval was 17.2 months (SD 3.8) and ranged from 6 to

24 months. The differences between previous and planned intervals were small. Table 2



shows correlations between previous and planned intervals at 5 and 12 years of age. Previous
and planned intervals at both ages were associated (p<0.01), but the longitudinal associations
between intervals at 5 and 12 years of age were weak.

Change in planned intervals from 5 to 12 years of age is presented in Figure 2. Among
children with short intervals at 5 years of age half of the children (52%) still had short
intervals at the age of 12 years. Among children with long intervals at the age of 5 years, the
majority (72%) had long intervals at the age of 12 years.

(Figure 2 near here)

The bivariate associations between intervals at the ages of 5 and 12 years and
children’s caries prevalence, parents’ background and parents’ education is presented in Table
3. At both ages, recall intervals were associated with caries prevalence, parents’ background
and parents’ education (p<0.05).

(Table 3 near here)

The four multivariate logistic regression analyses relating length of intervals at 5 and
12 years of age to caries experience controlled for gender, parents’ background and parents’
education is given in Table 4. The length of recall intervals was associated with caries
experience at both ages. The probability of having short intervals was higher in children
having caries experience than in caries free children. The length of recall intervals at 5 years
of age was associated with parents’ background and parents’ education.

(Table 4 near here)

Discussion

This study aimed to explore the length of routine intervals in children and to study
associations between recall intervals and children’s caries experience controlled for family

characteristics. The main results were that recall intervals were individualized, varied from 4



to 30 months, and that most children at both ages were given recall intervals longer than 18

months. In addition, short recall intervals were associated with having caries experience.

In Norway, nearly all children are enrolled in the dental services which offer children
and adolescents all treatment free of charge. The clinicians are salaried, suggesting that no
economic incentives are given to either reduce or extend intervals. The dental service had the
same guidelines regarding length of recall intervals and caries registrations at both ages, and
calibration of clinicians showed substantial intra- and interexaminer agreement. Information
regarding parents’ background and education was collected by questionnaires. Although
limitations are present in all questionnaire studies, the probability of recall and report errors
was considered limited as these questions were unequivocal. In longitudinal studies, non-
participation and drop-out may cause selection bias. In the studied children, caries prevalence,
parents’ background and educational level were similar to national average, thus it was

reasonable to assume that the results were representative for the country in general [20-22].

The results showed that recall intervals were individualized and varied substantially.
Length between examinations has been adjusted from previously standardized to
individualized intervals concurrent with the polarization in children’s dental health. As caries
has declined in the child population, time spent for dental care has been reduced as a majority
of children do not require operative dental care [12, 23]. Targeting resources to high-risk
individuals seems reasonable in this situation and indicate that dental care has been tailored to
each child’s need. Further, the results suggested adherence to national guidelines that
recommend a risk approach and that length of intervals should be based on clinical

assessment securing more frequent care to children with high risk of oral disease [24].

The results of this study showed that recall intervals were substantially longer than
reported in previous studies [8, 14, 25]. Since early 1990s mean recall intervals have been

extended from 12 to about 18 months in Norway [9]. Similar trends have been observed in the
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other Nordic countries [26]. Extending intervals between examinations seems reasonable as
the caries progression is documented to be slow [15]. Potentially, consequences of extending
recall intervals in children at low caries risk may improve efficiency in the dental service.
Resources saved by extending intervals for children with low risk may be transferred to
children and groups in the population with high levels of disease and contribute to remove
health inequalities. One study reported a tendency to spend longer time on routine
examinations when children were examined less frequently which could reduce the efficiency

of extended recall intervals [26]. Further studies are needed to assess this tendency.

The association between recall intervals at 5 and 12 years of age showed that the
majority of children with long intervals at 5 years of age also had long intervals at 12 years of
age, indicating that these children were identified as low risk children at both ages. One
explanation may be that these children and their parents have succeeded in early
establishment of favorable oral health behavior. It is known that established health behavior is
resistant to changes and has long-term benefits [27-28]. Of the children that had short
intervals at age 5 years, 50% also had short intervals at age 12 years, suggesting that the
dental care delivered had failed to prevent caries development in these children. One-third of
the children had a change in length of intervals between 5 and 12 years. Change in length of
interval over time indicated that intervals were not standardized, but adjusted at dental visits
based on caries risk assessment.

Recall intervals were associated with caries prevalence. The association between
length of intervals and caries was stronger at 5 years than at 12 years of age. One explanation
may be that risk indicators not included in this study, were considered by clinicians when
planning recall intervals at 12 years of age [29]. The findings indicate that clinicians relied on

caries risk assessment and children’s caries status when planning length of intervals.
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Recall intervals were related to family characteristics at 5 and 12 years of age. This
association was also stronger at 5 years than at 12 years of age. The findings indicated that
dental personnel considered family characteristics to be more important in preschool children
than in older children when deciding length of recall intervals. Cultural differences in parents’
attitude towards oral health have been associated with higher probability of developing caries
in preschool children with non-western background and parents with low education [30]. As
the children grow older, they become more influenced by other factors such as friends and
school, than by parents background and education [31]. A previous study has shown that
young adolescents tend to follow their own opinions regarding oral health behavior and
lifestyle independent of parents’ attitude and background [32].

Conclusions

The length of recall intervals has significance for policy-makers, clinicians and patients. The
rationale behind individualized recall intervals is to deliver dental care based on each child’s
need, and thereby obtain good oral health for all children, not to allocate equal amount of
dental services to all. As a consequence of improved dental health and scarce resources it has
been essential to optimize the efficiency in the dental service. This study showed that recall
intervals were extended and individualized suggesting that resources were targeted on
children with highest caries risk. This study indicated that clinicians mainly relayed on the
caries situation, and to certain degree, family characteristics when the length of recall interval

was tailored to the individual child.
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Figure 1. Length of previous and planned intervals in 5- and 12-year old children (n=2960).
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Figure 2. Change in planned intervals (shorter than 18 months or 18 months and longer) in

children from 5 to 12 years of age (n=2960).
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Table 1. Characteristics of the children (n=2960).

(n) %

Gender

Girl (1423) 48

Boy (1537) 52
Parents’ background

Both western (2595) 88

One or both non-western (365) 12
Parents’ education

Both high (1709) 58

One or both low (1251) 42
Caries prevalence age 5 years

No (2505) 85

Yes (455) 15
Caries prevalence age 12 years

No (2005) 68

Yes (955) 32
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Table 2. Correlations (Pearson’s rho) between interval in previous routine examinations (previous)

and interval in planned routine examinations (planned) at 5 and 12 years of age (n=2960).

5 years 12 years

Previous Planned Previous Planned

5years Previous 1 0.47 0.15 0.18
Planned 1 0.19 0.26

12 years Previous 1 0.49
Planned 1

Statistically significant results marked in bold



Table 3. Interval in previous routine examinations (previous) and interval in planned routine
examinations (planned) at 5 and 12 years of age according to gender, parents’ background, parents’

education and children’s caries prevalence (n=2960).

5 years 12 years
Previous Planned Previous Planned
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Gender
Girl (ref) 20.2 (4.7) 18.6 (4.2) 18.3 (4.3) 17.3(3.7)
Boy 20.1(4.7) 18.2 (4.3) 18.1(4.3) 17.1(3.8)
Parents’ background
Both western (ref) 20.4 (4.5) 18.7 (4.0) 18.4 (4.3) 17.3 (3.7)
One or both non-western 18.0 (5.7) 15.9 (4.9) 17.3 (4.5) 16.3 (3.9)
Parents’ education
Both high (ref) 20.5 (4.6) 18.9 (4.0) 18.4 (4.3) 17.4 (3.8)
One or both low 19.6 (4.9) 17.6 (4.4) 18.0 (4.3) 16.9 (3.7)
Caries prevalence
No (ref) 20.8 (4.2) 19.3(3.6) 18.5(4.3) 17.5(3.7)
Yes 16.8 (5.9) 13.4 (4.0) 16.6 (4.1) 15.6 (3.5)

Statistically significant results marked in bold

20



Table 4. Previous and planned intervals at 5 and 12 years of age according to gender, parents’

background, parents’ education and caries prevalence (n = 2960). Multivariate logistic regression.

Odds ratios and 95% confidence intervals.

5 years

12 years

Previous

Planned

Previous

Planned

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

Gender
Girl (ref)
Boy 1.1 (0.9-1.3)

Parents’ background
Both western (ref)

One or both non-western 2.9 (2.3-3.7)

Parents’ education
Both high (ref)

One or both low 1.4 (1.2-1.7)

Caries prevalence 5 years
No (ref)

1.1(0.9-1.4)

1.8 (1.4-2.4)

1.3 (1.0-1.5)

Yes 12.6 (9.9-16.0)

Caries prevalence 12 years
No (ref)
Yes

1.0 (0.9-1.2)

1.4 (1.1-1.7)

1.1(0.9-1.2)

2.3(1.9-2.8)

1.1(1.0-1.3)

1.2 (1.0-1.6)

1.1(0.9-1.2)

1.8 (1.4-2.2)

2.7 (2.3-3.1)

Statistically significant results marked in bold
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