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ORIGINAL ARTICLE

Do enamel and dentine caries at 5 years of age predict caries development in
newly erupted teeth? A prospective longitudinal study

H. B. Saethre-Sundli , N. J. Wang and T. I. Wigen

Department of Pediatric Dentistry and Behavioral Science, Institute of Clinical Dentistry, University of Oslo, Oslo, Norway

ABSTRACT
Objective: To explore caries development in children from 5 to 12 years of age, and to study whether
enamel caries and dentine caries at 5 years of age could predict caries prevalence at 12 years of age,
controlled for child characteristics.
Methods: The study included 3282 children examined at 5 and 12 years of age. Data were collected
by clinical examination and questionnaire. Enamel and dentine caries were registered at surface level.
Data were tested by t-test and analysed by bi- and multivariate logistic regression. The study was eth-
ically approved.
Results: In 5-year-olds, 15% of the children had dentine caries experience and 21% had enamel caries.
In 12-year-olds, 32% had dentine caries experience and 47% had enamel caries. Children with dentine
caries experience at 5 years of age had at 12 years of age developed more surfaces with enamel caries
(mean 2.8, SD 4.2) and dentine caries experience (mean 1.8, SD 2.5) than other children (p< .05).
Dentine caries experience at 12 years of age was associated with having only enamel caries (OR 1.6, CI
1.2–2.0) and dentine caries experience (OR 3.2, CI 2.6–3.9) at 5 years of age. Family status and parental
education were related to caries development.
Conclusion: Children with caries in primary teeth continued to be caries risk children during the
mixed dentition period. In addition to dentine caries experience, enamel caries in primary teeth was a
predictor for caries development in young permanent teeth and may be used to improve the caries
risk assessment.
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Introduction

Caries prevalence in Western countries has declined in recent
decades, but caries is still a common disease in children
[1–3]. The distribution is skewed, and the majority of children
have no caries, while some have many decayed teeth and
require extensive dental care [2–4]. Caries prevalence has
been reported to increase during childhood from primary to
permanent dentition [3]. In Europe, 20% to 55% of 5-year-
olds and 30% to 70% of 12-year-olds have been described to
have dentine caries experience [3–8].

Longitudinal studies may increase understanding of caries
development in children. Few longitudinal studies have been
performed on caries development in the period permanent
teeth erupt [6,9–11]. Most of these studies have limitations,
such as few participants, and have been conducted in selected
groups, or they have not included socio-economic conditions
or enamel caries [9–11]. Knowledge concerning longitudinal
development of enamel and dentine caries at individual level
in children during the period of mixed dentition is scarce [12].

To initiate preventive measures and reduce caries develop-
ment, caries risk in children has to be identified. It has been

reported that dentine caries in primary teeth has been a use-
ful predictor for caries development in permanent teeth
[9–11,13]. Because of the increasing proportion of 5-year-olds
being dentine caries free, other predictors may be considered,
such as clinical findings at dental examinations, enamel caries,
oral health behaviour or socio-economic conditions of the
family. In preschool children, socio-economic conditions of the
family have been associated with caries development.
Children having parents with low education, non-Western
background or lacking parental guidance regarding oral health
have been reported to have higher caries prevalence in pri-
mary teeth than other children [14–18], while few studies
have evaluated associations between caries development from
5 to 12years of age and family status [19]. To our knowledge,
no studies have used enamel caries in primary teeth as pre-
dictor for caries development in permanent teeth.

In Norway, all children are entitled to dental care free of
charge in the public dental service from birth to 18 years of
age. This gives opportunity to monitor a large group of chil-
dren and study the longitudinal development of enamel and
dentine caries. They are called for examination at individual
intervals and offered all dental care deemed necessary, both
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non-operative and operative treatments. All children are rec-
ommended to brush twice daily with fluoridated toothpaste
from eruption of the first tooth. Individual preventive treat-
ment is provided based on dental professionals’ judgement
of each patients’ need and may include sealants, fluoride var-
nish, instruction and motivation on oral health behaviour
(oral hygiene and sugar consumption), as taught at the uni-
versities and recommended in the dental services in Norway
during the last 20 years. Drinking water is not fluoridated,
and fluoride level is low.

In this prospective longitudinal study, the overall objective
was to explore caries development in children from 5 to
12 years of age. The specific objectives were to describe car-
ies status at both ages and to study whether enamel caries
and dentine caries at 5 years of age could be used as predic-
tors for caries prevalence at 12 years of age, controlled for
child characteristics.

Materials and method

Study population

All children born in 2002 (n¼ 7002) in one county (Akershus)
were in 2007 invited to participate in the study at 5 years of
age. The county had 600,000, fourteen percent of the
Norwegian population. In total, 5623 children (80%) were
included. Non-participants were either those who did not
want to participate, children who did not show up and chil-
dren who were not invited by the dental personnel. Mean
age at examination was 5.2 years (SD 0.4). In 2014, at 12 years
of age children were invited to a follow-up examination, and
3282 (58%) were available for examination. Mean age at the
follow-up examination was 12.1 (SD 0.5) years. In the studied
county, dentine caries prevalence was similar to the national
average (20% vs 24% in 5-year-olds and 37% vs 40% in 12-
year-olds) [2].

Methods

Data were collected by clinical and radiographic examination
at routine dental visits in children at 5 and 12 years of age.
Examinations at 5 years of age were performed by 44 hygien-
ists, and examinations at 12 years of age were performed by
45 dentists and 46 hygienists as part of the regular dental
examination in the dental services. During examinations at
5 years of age, parents filled in a questionnaire with informa-
tion regarding child characteristics.

At 5 years of age, caries was registered in primary teeth,
and at 12 years of age, caries was registered in permanent
teeth. Radiographs were taken in accordance with standard
routine in dental services (when visual inspection of approxi-
mal surfaces was impossible) and used in addition to clinical
caries registration in 73% of 5-year-olds and 97% of 12-year-
olds. Caries experience was registered with tooth surface as
unit of measurement using DMF index and reported at sur-
face and tooth level. Five caries grades (d1–5) were recorded
[20]. Grade d1–2 were enamel lesions, and d3–5 were dentine
lesions. Caries was categorized as only enamel caries (d1–2),

and dentine caries experience with or without enamel car-
ies (d3–5).

Intra- and interexaminer agreement

Written and oral information about the caries criteria was
given to and discussed with the examiners before data col-
lection started. The dentists and hygienists are calibrated on
regular basis as part of routines in the dental services. A
gold standard based on the second and third authors’ regis-
trations was compared with the examiners’ registrations.
Using Cohen’s kappa intra- and interexaminer agreements
were tested based on 20 bitewing radiographs of primary
molars including 8 approximal surfaces in each radiograph.
Mean intra- and interexaminer values were 0.85 (SD 0.12)
and 0.86 (SD 0.10). Intra- and interexaminer agreements
were based on 8 radiographs of permanent molars including
12 approximal surfaces in each radiograph. The mean intra-
and interexaminer values were 0.69 (SD 0.16) and 0.69 (SD
0.17). Cohen’s kappa was categorized as substantial to
almost perfect agreement [21].

Questionnaire

The questions provided information about child’s gender,
parents’ national background, parents’ education and fam-
ily situation.

Parents’ national background was registered as mother
and father’s country of birth. The results were combined into
one variable and dichotomized into both parents having
Western background and one or both having non-Western
background. Non-Western background included parents born
in Asia, Africa, South America, Central America and
Eastern Europe.

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
were defined as high education, and 12 years or fewer were
defined as low education.

Family status was measured as child living with mother
and father; two-parent family, or living with mother or father;
one-parent family at 5 years of age.

Ethical aspects

Written, informed consent was obtained from parents at
both examinations. The Regional Committee for Medical
Research Ethics approved the study (2.200.54 and
2013/1881).

Statistical analysis

The statistical analyses were conducted using IBM SPSS sta-
tistics, version 25 (Armonk, NY, USA). Differences in caries
experience were tested with t-test. Bi- and multivariate logis-
tic regression analysis was performed with children’s dentine
caries prevalence (the presence/absence of dentine caries) at
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12 years of age as dependent variable. Spearman’s rank cor-
relation was calculated before multivariate logistics regres-
sion analysis to explore associations between the
independent variables. High correlation was found between
dentine caries experience and approximal dentine caries
experience (Spearman’s rho ¼ 0.8) and between enamel car-
ies and approximal enamel caries (Spearman’s rho¼ 0.7) at
5 years of age. As a consequence, approximal caries was not
included in multivariate analysis. Data were presented by
using frequency, mean with standard deviation (SD), odds
ratio (OR) with 95% confidence interval (CI) and SiC Index to
describe caries status at 12 years of age. The level of signifi-
cance was set at p< .05.

Results

The majority of children that participated had parents with
Western background, high education and lived in two-parent
families at 5 years of age (Table 1).

No statistical significant differences were found between
children examined only at 5 years of age, and children exam-
ined at both ages regarding caries prevalence (17% vs 16%),
non-western background (13% vs 12%) and low parental
education (17% vs 16%). Children examined only at 5 years
of age had higher mean number of teeth with caries experi-
ence (0.7 vs 0.6, p< .05) than children examined at
both ages.

Figure 1 displays the children’s caries status at 5 and
12 years of age. At 5 years of age, 74% of the children had
neither enamel nor dentine caries experience. Seven years
later, the proportion of children with no signs of caries was
reduced to 42%. Proportion of children with enamel and
dentine caries experience more than doubled in the period,
enamel caries from 21% to 47% and dentine caries experi-
ence from 15% to 32%.

Caries status at tooth and surface level in all children and
in children with dentine caries experience at 5 and 12 years
of age is presented in Tables 2 and 3. Children with dentine
caries experience had at 5 years of age on average 3.5 (SD
2.9) teeth with dentine caries experience and at 12 years of
age 2.0 (SD 1.3) teeth with dentine caries experience. The
main part of dentine caries experience at 5 years of age was
decayed teeth, and at 12 years of age, the main part was

filled teeth. The difference between the number of teeth and
surfaces with dentine caries experience was low at both
ages. The SiC Index at 12 years of age was 1.9 (SD 1.3).

Approximal dentine caries experience was registered in
10% of the children at 5 years of age, and in 6% at 12 years
of age. Children with approximal dentine caries experience
had at 5 years of age on average 3.0 (SD 2.4), and at 12 years
of age 1.5 (SD 1.1) decayed or filled approximal surfaces
(results not shown).

The longitudinal changes in caries prevalence in children
from 5 to 12 years of age are illustrated in Figure 2. Of chil-
dren with no caries experience at 5 years of age, 48% still
had no caries experience at 12 years of age. Of children with
only enamel caries at 5 years of age, 37% developed dentine
caries experience at 12 years of age. More than half of chil-
dren (56%) with dentine caries experience at 5 years of age
had dentine caries experience at 12 years of age.

Table 4 presents numbers of surfaces with enamel caries
and dentine caries experience at 12 years of age according to
dentine caries prevalence at 5 years of age. Children with den-
tine caries experience at 5 years of age had at 12years of age
developed more surfaces with enamel caries (mean 2.8, SD
4.2) and dentine caries experience (mean 1.8, SD 2.5) than
children without dentine caries at 5 years of age (p< .05).

Table 5 shows results from bi- and multivariate logistic
regression analyses exploring association between caries vari-
ables at 5 years of age and dentine caries prevalence at
12 years of age, controlled for child characteristics. The
results from the multivariate analysis showed that children
with only enamel caries at 5 years of age had 1.6 times
higher probability of developing dentine caries experience at
12 years of age than children without caries at 5 years of age.
Children who had dentine caries experience at 5 years of age
had 3.2 times higher probability of developing dentine caries
experience at 12 years of age than other children. Living in
one-parent family at 5 years of age and having parents with
low education were associated with dentine caries experi-
ence at 12 years of age.

Discussion

This longitudinal study explored caries development in chil-
dren from 5 to 12 years of age and aimed to identify predic-
tors of caries prevalence at 12 years of age. One finding was
that proportion of children with enamel caries and dentine
caries experience doubled during these seven years. Enamel
caries and dentine caries experience at 5 years of age pre-
dicted caries development in the young perman-
ent dentition.

In this study, proportion of children with dentine caries
prevalence at 5 years of age was slightly lower than reported
in international studies [3,5,7], while proportion of children
with dentine caries prevalence at 12 years of age was similar
to other European studies [3,6–8]. The results in this study
showed that children at 12 years of age had on average
three surfaces with enamel caries and two teeth with dentine
caries experience. This indicates that the children will require
lifelong maintenance. Few surfaces were registered with

Table 1. Children according to gender, parental background, parental educa-
tion and family status (n¼ 3282).

All children
% (n)

Gender
Girl 48.3 (1586)
Boy 51.7 (1696)

Parental background
Both Western 86.7 (2847)
One or both non-Western 13.2 (435)

Parental education�
Both high 57.9 (1900)
One or both low 42.1 (1381)

Family status at 5 years of age�
Two parent family 88.5 (2905)
One parent family 11.3 (368)

�
Reduced because of internal dropout.
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Figure 1. Proportion of 5- and 12-year-old children according to caries status (n¼ 3282).

Table 2. Dentine caries experience at tooth and surface level in children at 5 years of age. All children (n¼ 3282) and children with den-
tine caries experience (n¼ 510).

All children, Mean (SD) Children with dentine caries experience, Mean (SD)

Tooth Surface Tooth Surface

Decayed 0.4 (1.3) 0.5 (1.9) 2.5 (2.3) 3.1 (3.8)
Missed 0.0 (0.4) 0.1 (1.0) 0.2 (1.0) 0.6 (2.5)
Filled 0.1 (0.6) 0.1 (0.9) 0.8 (1.4) 1.1 (2.0)
Decayed, missed, filled 0.5 (1.7) 0.7 (2.7) 3.5 (2.9) 4.8 (5.2)

Table 3. Dentine caries experience at tooth and surface level in children at 12 years of age. All children (n¼ 3282) and children with
dentine caries experience (n¼ 1060).

All children, Mean (SD) Children with dentine caries experience, Mean (SD)

Tooth Surface Tooth Surface

Decayed 0.2 (0.7) 0.3 (0.8) 0.8 (1.0) 0.9 (1.3)
Missed 0.0 (0.1) 0.0 (0.5) 0.0 (0.2) 0.1 (0.7)
Filled 0.4 (0.8) 0.5 (1.2) 1.2 (1.1) 1.5 (1.7)
Decayed, missed, filled 0.6 (1.2) 0.8 (1.7) 2.0 (1.3) 2.5 (2.0)

Figure 2. Longitudinal changes in enamel and dentine caries prevalence in children from 5 to 12 years of age.
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approximal dentine caries experience at 12 years of age, sug-
gesting that the majority of teeth had dentine caries experi-
ence in occlusal surfaces. The results suggest that increasing
the use of sealants may have opportunity to prevent caries
development in occlusal surfaces in newly erupted perman-
ent molars. Previous findings have also shown that the occlu-
sal surface is the most caries prone surface in the young
permanent dentition [7,22].

Enamel caries has seldom been reported in previous stud-
ies. The results from this study revealed high prevalence of
enamel caries. Having enamel caries or dentine caries experi-
ence at 5 years of age was associated with dentine caries
prevalence at 12 years of age. The findings imply that both
enamel caries and dentine caries experience at 5 years of age
could be used as predictors for further caries development.
The results suggest that recording enamel caries provides
opportunity for a more accurate caries risk assessment in
populations with no or low dentine caries prevalence
[3,13,20] and may increase the opportunity to prevent fur-
ther caries development by using non-operative approach
and avoid restoration [23]. The results support earlier studies
that suggest dentine caries development in primary teeth as
predictor for further dentine caries development [9,10,13].

It is documented that parental background and education
are associated with preschool children’s caries development.

Preschool children depend on parents’ ability to establish and
maintain favourable oral health behaviour [14]. An ongoing
detachment and social equalization among 12-year-olds imply
that peers and other adults play a more important role in
children’s life and oral health as they grow older [17,24]. In
this study, dentine caries experience at 12 years of age was
associated with both parental education and family status at
5 years of age, showing that family still is important for older
children’s dental health and that parents’ guidance has posi-
tive effects.

One strength of this study was the longitudinal follow-up
of a large sample over 7 years. In longitudinal studies, non-
participation and dropout may cause selection bias. In this
study, children who dropped out had higher number of cari-
ous teeth, but the difference was small (0.1 tooth). Dropout
may have resulted in underestimation of dentine caries
prevalence in the studied area. Dentine caries experience,
parents’ background and educational level in the studied
children were similar to national average [2]. It is reasonable
to assume that the results were representative for the coun-
try in general. The study was based on questionnaire and
clinical examination. Questionnaires may have limitations
such as non-response, misconceptions and answering in a
social favourable way [25]. The questions in this study were
considered uncomplicated, relating to child characteristics
and therefore assumed to reduce recall and report errors.
The clinical examinations were performed by experienced
dentists and hygienists in dental clinics, and the calibration
showed substantial to almost perfect agreement [21].

One finding in the study was that children who had caries
before 5 years of age developed more caries in the period
from 5 to 12 years of age than children who were caries-free
at age 5 years. This indicates that the preventive treatment
provided in the period was not sufficient to establish oral

Table 4. Number of surfaces with enamel caries and dentine caries experi-
ence at 12 years of age related to dentine caries prevalence at 5 years of age,
mean (SD) (n¼ 3282).

5 years of age 12 years of age 12 years of age
Dentine caries prevalence Enamel caries Mean (SD) Dentine caries Mean (SD)

No 1.1 (1.9) 0.6 (1.4)
Yes 2.8 (4.2) 1.8 (2.5)

Dentine caries p< .05.
Enamel caries p< .05.

Table 5. Children with dentine caries experience at 12 years of age according to caries variables controlled for child charac-
teristics at 5 years of age. Bivariate and multivariate logistic regression analyses.

Bivariate (n¼ 3282) Multivariate (n¼ 3272)
OR (95%) OR (95%)

Approximal enamel caries at 5 years of age
No (ref)
Yes 2.2 (1.8–2.8) a

Approximal dentine caries at 5 years of age
No (ref)
Yes 3.2 (2.5–4.1) a

Only enamel caries at 5 years of age
No (ref)
Yes 1.3 (1.0–1.6) 1.6 (1.2–2.0)

Dentine caries at 5 years of age
No (ref)
Yes 3.3 (2.7–4.0) 3.2 (2.6–3.9)

Parental background
Both Western (ref)
One or both non-Western 1.8 (1.4–2.2) 1.2 (1.0–1.5)

Parental education
Both high (ref)
One or both low 1.4 (1.2–1.6) 1.2 (1.0–1.4)

Family status at 5 years of age
Two-parent family (ref)
One-parent family 1.5 (1.2–1.9) 1.4 (1.1–1.7)

Gender
Boy (ref)
Girl 1.1 (09–1.2) 1.1 (1.0–1.3)

ref: reference. Statistical significant differences marked in bold.
aNot included in multivariate analysis.
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habits necessary to prevent caries development in newly
erupted permanent teeth. One study has shown that children
who develop caries before 2 years of age had more caries at
5 years of age than children without caries at age 2 years
[26]. The results from this study suggest that children who
develop caries soon after the eruption of primary teeth have
increased caries risk also in the young permanent dentition.

An adjustment of caries risk assessment taking into
account enamel caries in addition to dentine caries experi-
ence may have the potential to reduce caries development
in the permanent dentition. Individual instruction and motiv-
ation for oral care should be provided towards the parent
before the age of 5 years. Initiation of favourable oral health
habits should preferably start when the first primary tooth
erupts. In Norway, collaboration between general health
services and dental services is established [26,27]. New
national guidelines regarding oral care in children younger
than 3 years of age were introduced in 2019 [28,29]. The
guidelines increase the focus on early caries risk assessment
and collaboration between the general health services and
dental services to provide preventive oral health care to
young children and their parents.

In conclusion, children with caries in primary teeth contin-
ued to be caries risk children during the mixed dentition
period. Enamel caries and dentine caries experience in primary
teeth may be used as predictors for caries development in
young permanent teeth and may have lifelong consequences.
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