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Abstract

Objective: The first aim was to describe presence of plaque, caries and oral health behaviours
in two-year-old children. The second aim was to measure increments in caries experience
from two to five years of age, and to study whether national background, visible plaque,
caries and oral health behaviour at two years of age were associated with increments in caries
experience. Methods: The study population consisted of 392 children, of whom 211 were
monitored from two to five years of age. At age two years, parents completed a questionnaire
about family background and oral health behaviour. The presence of plague and caries at
tooth level were obtained from dental records. Data were tested with Chi square statistics and
Mann-Whitney-U test. Negative binomial regression analysis was conducted to explore the
association between caries increment between two and five years of age and national
background, visible plaque, caries and oral health behaviour at two years of age. Results:
Caries was found in 4.6% of two-year-olds and 4.6% had visible plaque. More than half of
these children (57.9%) brushed twice daily, toothbrushing was introduced when the child was
seven months or older in 61.0% of the children, and 15.6% consumed sugary snacks daily.
Non-Western children more often had caries, visible plaque and unfavourable oral health
behaviour than Western children (p<0.05). At age five years, 28.9% of the children had caries
experience. Non-Western background, toothbrushing less than twice daily, not using
fluoridated toothpaste, not using fluoride lozenges, consuming sugary drinks at night,
consuming sugary snacks daily, presence of plaque and caries at two years of age were
associated with caries increment between two and five years of age in bivariable analyses.
The results from multivariable analysis showed that children who started toothbrushing late,
children who brushed less than twice daily at two years of age and children of non-Western
background had a higher probability of having caries increment from two to five years of age
than other children. Conclusions: A small proportion of two-year-olds had caries, but these
children had several decayed teeth. Substantial differences in oral health and oral health
behaviour were found between western and non-western children. The preventive care
delivered to the studied children failed to prevent caries increment, suggesting that it is

worthwhile seeing caries risk children before at the age of two years.



Introduction

The majority of children in Norway and in many other countries are not examined by dental
personnel before the age of three years 1. As a consequence, oral health data for children
younger than three years is often not available. Caries prevalence in two-year-old children has
been reported in some studies, showing that up to 10% of the children have developed caries
by this age 2. To attain the goal of a cavity-free future for children early identification of

caries risk is essential ©.

While some data are available on caries prevalence in two-year-olds, caries
prevalence in five-year-old children is well documented. At five years of age, 20-40% of
children in Europe have been reported to have caries experience "~1°, Caries development in
preschool children has been associated with the family’s socioeconomic situation and oral
health behaviour %2, Children with immigrant background and children of parents with low
educational level have been shown to have higher caries prevalence than other children 111314,
Toothbrushing frequency and sugar intake are associated with caries development in young
children 191518 Some studies have reported that the presence of dental plaque and caries in

early childhood was associated with caries increment during preschool age °1%2°,

Information to parents about caries prevention from birth given by primary care
personnel is part of general health promotion in several countries %122, In Norway, primary
care personnel are required by national guidelines to give information about oral health to
parents of infants and toddlers. Caries risk children should be identified early and referred to
dental personnel 23. Knowledge of risk factors for early caries development based on
longitudinal studies may allow caries preventive strategies to be targeted towards risk

families.

All children in Norway are invited to attend a first oral examination in the dental
services at three years of age. Children receiving dental care at the student dental clinic at the
University of Oslo were invited to their first dental visit at two years of age. The background
for the study was to explore whether inviting two-year-olds for a first dental examination with
individualized caries preventive advice would help prevent caries between two and five years
of age. The first aim of this study was to describe the presence of dental plaque, caries
experience and oral health behaviours in two-year-olds. The second aim was to measure

increments in caries experience between two and five years of age, and to study whether



national background, visible plaque accumulation, caries experience and oral health behaviour

at two years of age were associated with increments in caries experience.

Methods

This study included children that according to home address had the student dental clinic at
the University of Oslo as their regular dental clinic. All children were invited for an oral
examination at two years of age between 2006 and 2010. The clinic is situated in an area of
Oslo where preschool children have higher caries prevalence than average in Norway 824, In
total, 495 children were invited and 411 children (83.0%) showed up for the oral examination.
Nineteen children were excluded because of lack of data. The study population at two years of
age consisted of 392 children, 198 boys and 194 girls. A higher proportion of children with
Western background (88.3%) came to the dental examination than children with non-Western
background (66.7%), (p<0.05). Mean age at the examination at two years of age was 26.4 (SD
3.2) months.

Between two and five years of age, children were recalled at individualised intervals
and given preventive care as needed. All children were called at least once a year. Of the
children examined at two years of age, 211 (102 boys and 109 girls) were still living in the
area and available for dental examination at five years of age. Mean age at this examination
was 60.0 (SD 7.5) months. Among children who had moved from the area and were
unavailable for dental examination at five years of age, the proportion of Western children
was slightly higher (48.9% versus 35.8%, p=0.05), and proportion of children with caries was

lower (1.7% versus 7.1%, p<0.05) than among children still living in the area.

Oral examinations at two and five years of age included standard anamnestic
information and dental examinations. The examinations were performed in a fully equipped
dental clinic using mirror and probe after the teeth had been dried and was carried out by
dental students or dental hygienist students. Dentists or dental hygienists verified all
registrations. The data were registered in the children’s dental records and extracted from the
dental records by the examiners. Individualized caries preventive information and oral
hygiene instruction were provided for all children and parents as part of the examination,
including instructions on sugar consumption, use of fluoridated toothpaste and application of

fluoride varnish if considered necessary by dental personnel.

Clinical examination at two years of age included registration of visible dental plaque

accumulation and caries experience on all emerged teeth. Presence of plaque was recorded as
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visible and not visible. Clinical examination at five years of age included registration of
caries. Caries experience was reported as decayed, filled or missing teeth (dmft). All teeth
with caries both initial and manifest lesions, were categorized as decayed teeth. At five years
of age, bitewing radiographs were taken when indicated in accordance with standard routines
in the dental services (bitewings when visual inspection of approximal surfaces was
impossible), and used in 41.2% of the children as an adjunct to the clinical caries registration.
Caries increment was calculated as the difference in the number of teeth with caries
experience at two and five years of age, and children were dichotomized as having or not

having caries increment between two and five years of age.

At the examination at two years of age, parents completed a questionnaire which
included anamnestic information; national background, oral health related behaviour and
dietary habits. National background was recorded as parents’ country of birth, and in the
analyses categorised as both parents with Western background and one or both parents with
non-Western background. Non-Western background included parents born in Asia, Africa,
south- and central America and eastern Europe. In children who did not attend for dental

examination the child’s family name were used to indicate the child’s national background.

Toothbrushing frequency was reported as twice daily, once daily, seldom and never,
and in the analyses categorized as twice daily, once daily and less than daily. Child age when
toothbrushing was started was categorized as younger than seven months and seven months
and older. Use of fluoride lozenges was reported as daily and less than daily. The parents
reported whether or not the child had access to sugar-containing drinks during the night, and
access to sugar-containing snacks between meals was categorized as seldom/never, sometimes

and daily.

Data analyses were conducted by use of SPSS for Windows (SPSS version 24, Inc
Chicago, IL, USA). Results are presented as frequencies, mean and standard deviation (SD).
Data were cross-tabulated and tested using Chi Square statistics, and differences between
means were tested with Mann-Whitney-U test. Spearman’s Rank correlation was used to
explore collinearity between the independent variables before multivariable analysis was
conducted In children monitored from 2 to 5 years of age, three variables had missing data in
3, 5 and 46 children, respectively. Missing data was replaced using multiple imputation to
reduce loss of data in multivariable analysis. The association between caries increment

between two and five years of age and the presence of plaque, caries and oral health



behaviour at two years of age controlled for national background was explored using negative
binomial regression analysis with caries increment between two and five years of age as the
dependent variable. The Goodness of Fit was >0.05, and the Omnibus Test was p<0.05

showing that the model fitted the data well. The level of statistical significance was set at 5%.

The study was performed as part of the quality assurance system required by law in
the public dental services in Norway. Quality assurance and evaluation that are part of the
health service do not require approval from ethical committees. All parents gave informed

consent. Data analyses were conducted on anonymised data.

Results

In Table 1, clinical findings and reported oral health behaviours at two years of age are
presented. Caries experience was registered in 4.6% of the children and 4.6% had visible
plaque. Two-year-old children with a non-Western background more often had caries, visible

plaque and unfavourable oral health behaviours compared with Western children (p>0.05).

Table 2 shows mean number of teeth with caries experience at two years of age
according to national background, presence of plaque, caries experience and oral health
behaviour at two years of age in the 211 children followed longitudinally. At two years of
age, 6.6% of the children had caries experience, no children had filled or lost teeth because of
caries. The mean number of teeth with caries experience was 0.3 (SD 1.4) teeth. Children with
caries experience at two years of age (14 children) had on average 4.4 (SD 3.6) teeth with
caries experience. Number of teeth with caries experience at two years of age was associated
with having visible plaque, toothbrushing frequency, use of fluoride toothpaste, sugar drinks

at night, sugar snacking and national background.

In Table 2, mean number of teeth with caries experience at five years of age and mean
number of teeth with increment in caries experience between two and five years of age
according to national background, presence of plaque, caries and oral health behaviour at two
years of age are presented. At five years of age, 28.9% of the children had caries experience.
Children having caries experience at two years of age developed statistically significantly
more caries than children without caries experience at two years of age (2.4 vs. 0.7, p<0.05).
Caries increment was associated with clinical findings at two years of age, oral health
behaviour and national background. Children, who at two years of age did not use fluoridated

toothpaste, brushed their teeth less than daily and children with non-Western background had



the highest increase in number of teeth with caries experience between two and five years of

age.

Negative binomial regression analysis exploring the relationship of caries increment
between two and five years of age with national background, presence of plaque, caries and
oral health behaviour and at two years of age was performed (Table 3). Age when introducing
toothbrushing, toothbrushing frequency at the age of two years and national background were
associated with increment in caries experience between two and five years of age. The other
included variables (visible plaque, caries experience, use of fluoride toothpaste, use of
fluoride lozenges, sugary drinks at night and sugar snacking at two years of age) were not

statistically significantly associated with increment in caries experience.

Discussion

This longitudinal study aimed to explore oral health in two-year-old children and to measure
increments in caries experience from two to five years of age. The findings showed that a
small proportion of children had caries at two years of age. Age when introducing
toothbrushing, toothbrushing frequency at two years of age and national background were

related to increment in caries experience from two to five years of age.

The study was performed in an area which the children in the Norwegian context had
high caries prevalence, and a high proportion of children were classified as needing extended
and individualized caries preventive care before the age of three years. Seventeen per cent of
children invited to participate did not attend for the dental examination, and it has been shown
that non-attenders have caries experience more often than other children 2°. The proportion of
two-year-old children with caries in the studied area may be higher than registered in this
study because of non-attenders. Although some children did not participate, those who did
were caries risk children, and the findings can be generalized to other areas with similar caries

prevalence in young children.

Among children examined at two and five years of age, those with non-Western
background and children who had caries at two years of age were overrepresented compared
to children only examined at age two years. Thus a higher proportion of caries risk children
was included in the analyses of increment in caries experience. Data were mainly used to
study associations, and selection bias has been shown not to influence associations between
variables 28. This study was based partly on questionnaires, and limitations such as non-

responses, misconceptions and errors like answering in a social desirable way are present in



all questionnaire studies 2’. The probability of recall and reporting error in the present study
were considered limited as, most questions were related to daily routine of oral health habits
in young children. Dental students and dental hygienist students performed the clinical dental
examinations of children using the established caries diagnostic methods used at the

University of Oslo. Experienced dentists or dental hygienists verified all registrations.

The findings showed that only a small proportion of the children had caries at two
years of age, and most of these had non-Western background. Non-Western children also had
a higher probability of developing caries during preschool age than Western children. It is
well established that immigrant children have higher caries prevalence than native children 28,
This study also showed that non-Western children acquire carious lesions at a lower age than
do Western children, and by the age of two years some children had developed several
decayed teeth. Caries preventive care should ideally be provided before the children acquire
carious lesions ?2. The reported differences in oral health behaviour between non-Western
children and Western children may be due to cultural differences or that the parents did not
understand the advice given, and indicate that non-Western parents need targeted oral health
information. Oral health information is part of general health information given to all parents
at well-baby clinics from the child’s first weeks of life 2X. The findings showed that non-

Western parents less often follow the advice given than Western parents.

At two years of age, 20% of the children were being given sugar-containing drinks
each night and 16% of the children received sugary snacks daily. These findings indicate a
frequent sugar intake among the children. Sugar is a main cause of dental caries in young
children 2. Children with a high sugar intake at a young age often maintain the high sugar
intake during childhood *°, which in turn is associated with poor dental health and poor

general health in later life

The findings from the longitudinal follow-up study showed substantial increment in
caries experience, especially in children who had caries lesions at two years of age. The
findings were in line with a study from Australia showing a marked increase in caries
experience between 18 and 40 months of age L. All included children were given an
individualized caries preventive program at two years of age. The findings showed that the
preventive care delivered failed to prevent increment in caries experience in the studied

children. The findings are in line with a newly published study from Ireland showing that



biannual application of fluoride varnish did not keep children caries free during preschool age
32

Increment in caries experience was associated with age when introducing
toothbrushing and toothbrushing frequency at two years of age. Toothbrushing with
fluoridated toothpaste is widely accepted as a caries preventive method in children *, and
infrequent brushers have been shown to have higher caries prevalence in the primary dentition
17 We know that behaviours established at a young age are often maintained during childhood

34- this includes oral health behaviours °.

Important finding from this study was that children who started toothbrushing late,
children who did not brush their teeth daily by two years of age and children with non-
Western background were caries risk children and had a high probability of having increment
in caries experience during preschool age. The results from this study confirm that some
parents find it difficult to establish toothbrushing twice daily for their child and that non-
Western parents do not follow the oral health advice given. Such children should ideally be
referred to dental personnel by primary care personnel earlier than at age two years for oral
health advice so as to initiate favourable oral health behaviour and prevent the substantial
increment in caries experience between two and five years of age. More research is necessary
in children younger than two years of age to understand better parents’ obstacles blocking

favourable oral health behaviour in their children.

In conclusion, a minor proportion of two year olds had caries experience, and the
children with caries had several decayed teeth. The preventive care delivered to the studied
children failed to prevent caries increment. The findings indicate that it is worthwhile seeing
caries risk children before at the age of two years to facilitate establishment of toothbrushing

twice daily at an early age to prevent caries.
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Table 1. Clinical findings, oral health behaviour and national background at two years of age.

All children and children by national background (n = 392).

All children Western Non-Western
children children
(n=392) (n=311) (n=81)

Two years of age % (n) % (n) % (n)
Caries experience*

No 95.4 (375) 99.0 (309) 81.5(66)

Yes 4.6 (17) 1.0 (2) 18.5 (15)
Visible plaque*

No 95.4 (374) 98.1 (305) 85.2(69)

Yes 4.6 (18) 1.9 (6) 14.8 (12)
Age when started toothbrushing™

< 7 months 39.0 (120) 42.7 (108) 21.8(12)

> 7 months 48.0 (188) 57.3 (145) 78.2 (43)
Toothbrushing frequency*

Twice daily 57.9 (227) 57.9 (180) 58.0 (47)

Once daily 38.0 (149) 41.2 (128) 25.9 (21)

Less than daily 4.1 (16) 1.0(3) 16.0 (13)
Fluoride toothpaste*

Yes 97.4 (382) 98.4 (306) 93.8 (76)

No 2.6 (10) 1.6 (5) 6.2 (5)
Fluoride lozenges*

Daily 46.2 (181) 50.5 (154) 33.3(27)

Less than daily 53.8 (211) 49.5 (157) 66.7 (54)
Sugar drinks at night*

No 81.2 (311) 86.8 (264) 59.5 (47)

Yes 18.8 (72) 13.2 (40) 40.5 (32)
Sugar snacking™

Seldom/never 23.4 (90) 24.5 (75) 19.2 (15)

Sometimes 60.9 (234) 62.7 (192) 53.8 (42)

Daily 15.6 (60) 12.7 (39) 26.9 (21)
Background

Western (ref) 79.3 (311)

Non-Western 20.7 (81)

tReduced because of internal drop-out.
*p<0.05.
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Table 2. Teeth with caries experience (dmft) at the ages two and five years and change in
caries experience (A dmft) between two and five years of age according to clinical findings,
oral health behaviour and national background at two years of age. Mean and standard

deviations (SD). Children monitored from two to five years of age (n = 211).

Two years Five years  From two to five years
Two years of age (n) dmft dmft A dmft
mean (SD) mean (SD) mean (SD)

All children (211) 0.3 (1.4) 1.0 (2.5) 0.7 (1.9)
Caries experience

No (197) 0.0 (0.0) 0.6 (1.8) 0.7 (1.8)

Yes (14) 4.4 (3.6)* 6.5 (4.7)* 2.4 (3.7)*
Visible plaque

No (197) 0.1(0.7) 0.8 (2.1) 0.6 (1.8)

Yes (14) 2.8 (4.3)* 4.6 (4.7)* 1.9 (3.2)*
Age when starting toothbrushing

0.1 (0.8) 0.3 (1.0 0.2 (0.5)

<7 months (81) 0.4 (1.6) 1.4 (2.9)* 1.0 (2.3)*

=7 months (130)
Toothbrushing frequency

Twice daily (118) (ref) 0.3 (1.6) 0.7 (2.2) 0.4 (1.6)

Once daily (80) 0.2 (1.2) 1.9 (2.2) 0.7 (1.5)

Less than daily (13) 0.7 (1.4)* 4.5 (4.4)* 3.9 (3.7)*
Fluoride toothpaste

Yes (205) 0.2 (1.1) 0.9 (2.3) 0.6 (1.7)

No (6) 0.6 (1.4)* 5.8 (4.3)* 4.8 (3.9)*
Fluoride lozenges

Daily (96) 0.4 (1.9) 1.0 (3.0) 0.5 (2.0)

Less than daily (115) 0.2 (0.9) 1.1 (2.1)* 0.9 (1.8)*
Sugar drinks at night

No (164) 0.3 (1.5) 0.9 (2.5) 0.6 (1.8)

Yes (47) 0.4 (1.1)* 1.6 (2.8)* 1.2 (2.2)*
Sugar snacking

Seldom/never (44) (ref) 0.0 (0.0) 0.2 (0.7) 0.2 (0.7)

Sometimes (130) 0.3(1.5) 1.0 (2.4)* 0.7 (1.9)

Daily (37) 0.8 (1.8)* 2.2 (3.8)* 1.5 (2.7)*
Background

Western (160) 0.1 (0.6) 0.3 (1.0) 0.3 (0.8)

Non-Western (51) 1.0 (2.6)* 3.2 (4.2)* 2.2 (3.2)*

(ref) reference category.
*p<0.05.
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Table 3. Results from negativ binomial regression analysis exploring the association between

change in caries experience between two and five years of age and clinical findings, oral
health behaviour and national background at two years of age (n = 211).

Two years of age OR 95 % ClI
Visible plaque

No 1

Yes 0.3 01-11
Caries experience

No 1

Yes 1.2 05-29
Age when starting
toothbrushing

< 7 months 1

> 7 months 2.1 11-42
Toothbrushing frequency

Twice daily 1

Once daily 21 1.2-37

Less than daily 4.8 1.6-13.9
Fluoride toothpaste

Yes 1

No 15 0.3-6.9
Fluoride lozenges

Daily 1

Less than daily 15 09-27
Sugar drinks at night

No 1

Yes 1.2 0.7-20
Sugar snacking

Seldom/never 1

Sometimes 1.8 0.7-51

Daily 1.9 0.8-4.2
Background

Western 1

5.4 3.0-10.0

Non-Western

p<0.05 in bold.
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