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Abstract: Background and Objectives: Early detection of dental caries lesions at active stages of
development can facilitate their monitoring and reduce needs for restorative dental care. This study
aimed to describe the prevalence and caries treatment needs in first permanent molars of pre-school
children, based on a caries lesion activity assessment, and in relation to participants’ ages, dental
plaque levels and toothbrushing habits. Materials and Methods: Large cross-sectional dental caries
survey using multistage cluster sampling was conducted among Lithuanian 4–6-year-old children
attending kindergartens. For the present study purpose, all individuals presenting erupted permanent
molars were selected. Thus, only 5–6-year-olds (n = 453) took part in this study. They were examined
for caries by one calibrated examiner using Nyvad clinical diagnostic criteria that differentiate between
active and inactive caries lesions. Dental plaque was assessed by the Silness-Löe index, and parents’
reports about toothbrushing frequency were collected. Results: Overall, 41% of permanent molars
were affected by caries; 6-year-olds had more caries lesions than 5-year-olds (p < 0.05). Mean number
of decayed and filled surfaces (DF-S) of all participants was 1.79 (SD 2.93), half of lesions were
noncavitated, more than one-third were cavitated and fillings comprised less than one surface per
child. Majority of lesions were active; prevalence of inactive lesions (all noncavitated) was 1% and
6% in 5- and 6-year-olds, respectively. Prevalence of active lesions increased with age; it correlated
with plaque levels and with toothbrushing frequency (<0.001). Likelihood to detect active lesions
was up to nine times higher in teeth with abundant plaque (odds ratio (OR) 8.73; confidence interval
(CI) 5.35–14.25), and up to seven times higher in individuals brushing teeth irregularly (OR 6.88;
CI 2.21–21.41). Conclusions: The obtained data indicate high treatment needs in the erupted permanent
molars of the Lithuanian pre-school population and imply that caries management should primarily
focus on improved biofilm removal, accompanied with regular use of fluoridated toothpaste.

Keywords: caries prevalence; first permanent molars; children; active caries lesions; dental plaque
levels; toothbrushing frequency

1. Introduction

Dental caries is known as a multifactorial, noncommunicable disease determined by biological,
behavioral, psycho-social and environmental factors [1]. It expresses itself by the interchanging episodes
of de- and remineralization of the tooth surface caused by metabolic activities in the dental biofilm [1].
The dynamic nature of dental caries is reflected clinically by the activity status of the lesions in
response to the numerous chemical interactions between the dental tissues and the surrounding oral
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environment [2,3]. The balance between such interactions, and consequently, the progression of the
disease, can be controlled successfully if the management strategies are based on biological knowledge
of the process development. High response of the early, noncavitated lesions to nonoperative measures
such as fluoride therapy and control of the dental biofilm [4,5] implies that the detection of such lesions
at their active stage of development can reduce the needs for restorative care and, possibly, contribute
to the maintenance of dental health throughout life. Implementation of caries preventive approaches
from the early stages of life has proved not only to be related with significant reduction of the disease
prevalence and severity [6] but also to have a long-lasting effect [7].

The necessity to include noncavitated caries lesions in the measurements of the disease extent was
recognized long ago [8,9] and gradually became a common modality in a number of epidemiological
surveys of today. However, this is not sufficient when the aim is to estimate the actual treatment
needs in populations. The priority should be given for clinical caries diagnostic criteria that assess
the activity status of the detected lesions, since these criteria favor the best clinical practices directed
towards nonoperative interventions [10,11]. The need for caries lesion activity assessment is recognized
internationally [11]; however, the only available report from Lithuania about the lesion activity-based
assessment of caries treatment needs addressed in the population of 12-year-old children [8].

In view of the above considerations, the aim of the present study was to assess the actual treatment
needs of dental caries in the newly erupted first permanent molars of the pre-school Lithuanian
children, based on the estimates of the lesion activity and, in relation to age, the dental plaque levels
and the toothbrushing habits.

2. Materials and Methods

2.1. Study Design, Population and Sample Selection

The present analysis was derived from a large cross-sectional dental caries survey conducted
among the Lithuanian 4–6-year-old children attending pre-school educational institutions (further,
kindergartens) [12]. According to the Official Statistical Portal data, there are about 60,000 children of
this age in Lithuania, and about 38,804 of them attend kindergartens.

The survey was performed during the period from March 2011 to May 2012. The research protocol
was approved by the Kaunas Regional Committee of Ethics for Biomedical Research, Kaunas, Lithuania
(Protocol No. BE-2-19, issue date 04.11.2009), following the permission of the State Data Protection
Inspectorate (Protocol No. 2R-732). The written informed consent was obtained from all parents of the
participating children, as well as from the leading persons of all educational institutions visited.

A method of multistage sampling was used for identification of the subjects for the survey
(Figure 1).

The inclusion criteria for participation in the present study were (i) willingness to participate
and (ii) presence of at least one permanent molar erupted. Thus, the final study group comprised 453
5–6-year-old participants.
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Figure 1. Flow-chart diagram of the study sample formation following multistage cluster sampling. 

2.2. Clinical Examinations 

Clinical oral examinations were carried out in the kindergartens under standardized conditions, using 
a portable dental unit and the convertible chairs for the patients and for the examiners. The dental unit was 
equipped with a fiber optic light source, compressed air and a suction device. The evaluation of the dental 
status was performed using a standard explorer and a dental mirror. The clinical examinations were 
performed by one examiner (J.R.) who, prior to the study, had been extensively calibrated by one of the co-
authors (V.M.) who had considerable experience with the clinical assessment of caries lesions, with respect 
to their activity and severity status (Nyvad criteria). For inter-examiner reliability testing, 30 children were 
examined repeatedly by two examiners (J.R. and V.M.), with an interval of 1 week between two 
examinations. 

Figure 1. Flow-chart diagram of the study sample formation following multistage cluster sampling.

2.2. Clinical Examinations

Clinical oral examinations were carried out in the kindergartens under standardized conditions,
using a portable dental unit and the convertible chairs for the patients and for the examiners. The dental
unit was equipped with a fiber optic light source, compressed air and a suction device. The evaluation
of the dental status was performed using a standard explorer and a dental mirror. The clinical
examinations were performed by one examiner (J.R.) who, prior to the study, had been extensively
calibrated by one of the co-authors (V.M.) who had considerable experience with the clinical assessment
of caries lesions, with respect to their activity and severity status (Nyvad criteria). For inter-examiner
reliability testing, 30 children were examined repeatedly by two examiners (J.R. and V.M.), with an
interval of 1 week between two examinations.

Dental caries was recorded using the clinical criteria described by Nyvad and co-authors [13].
Briefly, every surface of the erupted permanent molars was evaluated according to one of the following
criteria:

0. sound surface,
1. active noncavitated lesion,
2. active enamel microcavity,
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3. active enamel and dentin cavity,
4. inactive noncavitated lesion,
5. inactive enamel microcavity,
6. inactive enamel and dentin cavity,
7. filling,
8. filling + active lesion (noncavitated or cavitated),
9. filling + inactive lesion (noncavitated or cavitated),
10. tooth extracted due to caries.

Distinction between active and inactive lesions was made on the basis of a combination of visual
(whitish, opaque versus discolored, shiny) and tactile (rough/leathery/soft versus hard/smooth) criteria.
The inter-observer and intra-observer reliability for different lesion categories was almost perfect, as
measured by weighted kappa (mean κ = 0.87, confidence interval (CI) = 0.82–0.91).

The evaluation of oral hygiene status was based on the visual plaque assessment following
Silness-Löe index [14]. The examination was performed on the buccal surfaces by running across the
tooth surface with a probe, and the following scores were given to each surface:

11. no plaque,
12. film of plaque adhering to the free gingival margin and adjacent area of the tooth,
13. moderate accumulation of soft deposits on the tooth surface and gingival margin, which could be

seen with the naked eye, and
14. plaque covering entire surface of the tooth.

2.3. Collection of Nonclinical Data

The parents of all children participating in the survey were asked to report about the frequency of
toothbrushing at home. The reports were summarized as follows:

1. regular toothbrushing, 2 times per day,
2. regular toothbrushing, once per day,
3. irregular toothbrushing (several times per week), and
4. no toothbrushing at all.

No information about the type of toothpaste used was collected. However, most of the toothpaste
available on the market in Lithuania contains fluoride in concentrations ranging from 250 to 1450 ppm.
The concentration of fluoride in drinking water was very low in most regions of the country, varying
between 0.1–0.3 mg/L, except two water supplies (in Klaipeda and Siauliai Districts), where it was
measured to be 1.4 and 0.7 mg/L, respectively. The measurements were made in the national public
health surveillance laboratory using the water samples collected at all sites of the survey.

2.4. Statistical Analysis

Analysis of the collected data was performed using the SPSS program (Statistical Package for
Social Science for Windows, version 22.0, Chicago, IL, USA). The Kolmogorov-Smirnov test was
used to test the normality distributions. When the obtained data did not meet the distribution
normality condition, the significance level was verified by nonparametric Mann-Whitney U test.
When carrying out the descriptive data analysis, the quantitative variables were expressed as means,
M (with standard deviations, SD), and medians (with 25%–75% ranges, IQR). The interdependence of
qualitative characteristics was evaluated using chi-square (χ2) criterion. The difference was considered
to be statistically significant at the level of significance p < 0.05. Associations between the prevalence
of active caries lesions and the recorded levels of dental plaque, as well as the reported toothbrushing
frequency, were addressed by means of logistic regression analysis.
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For the purpose of comparing the study results obtained using Nyvad criteria with those that
would have been obtained using the World Health Organization (WHO) criteria [14], the Nyvad
codes were converted as follows: 0;1;4 (Nyvad)—sound (WHO); 2;3;5;6;8 (Nyvad)—caries (WHO); 7;9
(Nyvad)—filled (WHO). For the odds ratio estimation, the dental plaque levels were dichotomized into
two categories: no plaque (0+1) and plaque present (2+3). The reported toothbrushing habits were
dichotomized into two categories as well: 1–2 times per day and irregularly/never. The predictors
of high caries experience (expressed as a mean number of decayed and filled surfaces (DF-S)) in the
permanent dentition, were addressed by means of a multivariate binary logistic regression analysis by
adjusting for age, caries experience in the primary dentition (mean number of decayed, missing and
filled surfaces, dmfs) and self-reported toothbrushing habits as independent variables. Spearman’s
rank correlation coefficient (r) was calculated to assess the relationship between the caries experiences
in the primary and in the permanent dentition.

3. Results

The distribution of the study participants according to their age and gender is shown in Figure 2.

Medicina 2020, 56, 105 5 of 13 

using chi-square (χ2) criterion. The difference was considered to be statistically significant at the level of 
significance p <0.05. Associations between the prevalence of active caries lesions and the recorded levels of 
dental plaque, as well as the reported toothbrushing frequency, were addressed by means of logistic 
regression analysis. 

For the purpose of comparing the study results obtained using Nyvad criteria with those that would 
have been obtained using the World Health Organization (WHO) criteria [14], the Nyvad codes were 
converted as follows: 0;1;4 (Nyvad)—sound (WHO); 2;3;5;6;8 (Nyvad)—caries (WHO); 7;9 (Nyvad)—filled 
(WHO). For the odds ratio estimation, the dental plaque levels were dichotomized into two categories: no 
plaque (0+1) and plaque present (2+3). The reported toothbrushing habits were dichotomized into two 
categories as well: 1–2 times per day and irregularly/never. The predictors of high caries experience 
(expressed as  a mean number of decayed and filled surfaces (DF-S)) in the permanent dentition, were 
addressed by means of a multivariate binary logistic regression analysis by adjusting for age, caries 
experience in the primary dentition (mean number of decayed, missing and filled surfaces, dmfs) and self-
reported toothbrushing habits as independent variables. Spearman‘s rank correlation coefficient (r) was 
calculated to assess the relationship between the caries experiences in the primary and in the permanent 
dentition. 

3. Results 

The distribution of the study participants according to their age and gender is shown in Figure 2. 

 
Figure 2. Distribution of study participants according to age and gender. 

All 453 5–6-year-old participants had at least one permanent molar erupted. The total number of the 
permanent molars under the investigation was 1531 (221 and 1310, in 5- and 6-year-olds, respectively). No 
extracted permanent molars were recorded; thus, the caries experiences in the group were evaluated based 
on the DF-S index. 

Figure 3 shows that 41% of all study participants had at least one caries lesion or a dental filling 
recorded in the permanent molars. The caries experiences in the permanent molars comprised mostly 
untreated caries lesions; only 4% of all participants were recorded as having fillings, and nearly no filled 
dental surfaces were recorded among the 5-year-olds. In the study groups, the noncavitated lesions were 
as prevalent as the cavitated lesions. The prevalence of dental caries (the noncavitated, as well as the 
cavitated lesions) in the first permanent molars was about two times higher among the 6-year-olds than 
among the 5-year-olds (Figure 3). 

Figure 2. Distribution of study participants according to age and gender.

All 453 5–6-year-old participants had at least one permanent molar erupted. The total number
of the permanent molars under the investigation was 1531 (221 and 1310, in 5- and 6-year-olds,
respectively). No extracted permanent molars were recorded; thus, the caries experiences in the group
were evaluated based on the DF-S index.

Figure 3 shows that 41% of all study participants had at least one caries lesion or a dental filling
recorded in the permanent molars. The caries experiences in the permanent molars comprised mostly
untreated caries lesions; only 4% of all participants were recorded as having fillings, and nearly no
filled dental surfaces were recorded among the 5-year-olds. In the study groups, the noncavitated
lesions were as prevalent as the cavitated lesions. The prevalence of dental caries (the noncavitated, as
well as the cavitated lesions) in the first permanent molars was about two times higher among the
6-year-olds than among the 5-year-olds (Figure 3).
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Figure 3. Prevalence of dental caries in the first permanent molars among 5- and 6-year-old children,
with respect to lesion severity and activity by the Nyvad criteria. * p < 0.01, with respect to age group
(χ2 test).

No difference in the caries prevalence in the first permanent molars was determined with respect
to gender: 42% among the girls and 41% among the boys, respectively.

Majority of the caries lesions recorded in the permanent molars of the Lithuanian 5–6-year-olds
were active, while the prevalence of inactive lesions was as low as 5% (Figure 3). All recorded inactive
lesions were in the noncavitated stage of development. However, the prevalence of active noncavitated
and cavitated lesions in the entire group of participants was similar: 22%, and 26%, respectively.

There was statistically significant differences in the prevalence of active caries lesions, with respect
to age: 24% of the 5-year-olds had active caries, while 39% of 6-year-olds were recorded as having active
caries lesions (Figure 3). There was more than two-fold difference between the mean DF-S values in the
first permanent molars, based on the Nyvad criteria (DF-S-Nyvad), and when noncavitated lesions had
been excluded from the estimation (DF-S-WHO) (Table 1). The mean caries experience was two times
higher among the 6-year-olds than among the 5-year-olds (Table 1). The caries profile mostly comprised
the untreated active caries lesions, and more than two-thirds of them were cavitated (Table 1). The



Medicina 2020, 56, 105 7 of 13

mean number of active cavitated caries lesions was two times higher among the 6-year-olds than
among the 5-year-olds (p = 0.01) (Table 1).

However, the mean values of the inactive caries lesions in the first permanent molars increased
about four times when compared between the 5- and the 6-year-old children.

Table 1. Dental caries profile in the first permanent molars among 5- and 6-year-old Lithuanian children.

Age Group,
n

DF-S
(WHO)

DF-S
(Nyvad)

Decayed Surfaces (Nyvad Criteria)
Filled

SurfacesTotal Active,
Noncavitated

Active,
Cavitated

Inactive,
Noncavitated

Inactive,
Cavitated

M (SD), Median (IQR 25%–75%)

5-year-olds 0.33 (1.02) 1.01 (2.17) 1.01 (2.17) 0.63 (1.54) 0.33 (1.02) 0.05 (0.45)
0 0n = 79 0 (0–0.0) * 0 (0–0.0) * 0 (0–0.0) * 0 (0–0.0) 0 (0–0.0) * 0 (0–0.0) *

6-year-olds 0.81 (1.48) 1.95 (3.05) 1.84 (2.93) 0.95 (2.06) 0.67 (0.28) 0.19 (0.90) 0.03 (0.27) 0.11 (0.7)
n = 374 0 (0–1.0) 0 (0–3.0) 0 (0–3.0) 0 (0–1.0) 0 (0–1.0) 0 (0–0.0) 0 (0–0.0) 0 (0–0.0) *

p value <0.001 0.002 0.004 0.12 0.01 0.04 0.34 0.003

5–6-year-olds 0.73 (1.42) 1.79 (2.93) 1.7 (2.83) 0.89 (1.98) 0.61 (1.24) 0.17 (0.84) 0.02 (0.24) 0.09 (0.64)
n = 453 0 (0–1.0) 0 (0–3.0) 0 (0–3.0) 0 (0–1.0) 0 (0–1.0) 0 (0–0.0) 0 (0–0.0) 0 (0–0.0)

* p < 0.05, statistically significant difference between 5- and 6-year-olds, Mann-Whitney U test. DF-S, decayed and
filled surfaces; WHO, World Health Organization; M (SD), mean (standard deviation); IQR, interquartile range.

Majority of all caries lesions recorded in the study group were located in the occlusal surfaces of
the first permanent molars. The caries profile of the occlusal surfaces with respect to age is shown in
Table 2.

The difference in the mean number of active caries lesions in the first permanent molars of 5-
and 6-year-old children remained statisttically significant when the estimations were adjusted for the
differences in sample size (by randomly selecting the adjusted sample, n = 92, of 6-year-olds).

Table 2. Dental caries profiles in occlusal surfaces of the first permanent molars of 5–6-year-old
Lithuanian children.

Age Group, n

Decayed Surfaces (Nyvad Criteria)

Active,
Noncavitated

Active,
Cavitated

Inactive,
Noncavitated

Inactive,
Cavitated Filled Surfaces

M (SD), Median (IQR 25–75%), Prevalence N (%)

5-year-olds
n = 79

0.35 (1.24) 0.19 (0.68) 0.05 (0.45)
0 00 (0–0.0) 0 (0–0.0) 0 (0–0.0)

11 (14%) 7 (9%) * 1 (1%)

6-year-olds
n = 374

0.66 (1.85) 0.51 (1.0) 0.14 (0.63) 0.03 (0.27) 0.07 (0.34)
0 (0–1.0) 0 (0–1.0) 0 (0–0.0) 0 (0–0.0) 0 (0–0.0)
65 (17%) 94 (25%) * 24 (6%) 5 (1%) 17 (5%)

p value 0.361/0.455 0.002/0.002 0.072/0.068 0.302/0.592 0.054/0.053

5–6-year-olds
n = 453

0.61 (1.76) 0.45 (0.97) 0.13 (0.6) 0.02 (0.24) 0.06 (0.34)
0 (0–0.0) 0 (0–0.0) 0 (0–0.0) 0 (0–0.0) 0 (0–0.0)
76 (17%) 101 (22%) 25 (6%) 5 (1%) 17 (4%)

* p < 0.05, statistically significant difference between 5- and 6-year-olds, Mann-Whitney U (M/N) and χ2 tests.

The distribution of the plaque scores was similar among the two age groups: (12% + 37%) and
(10% + 41%) for scores (0+1) and (40% + 11%) and (39% + 11%) for scores (2+3) in 5-year-old and in
6-year-old children, respectively.

The toothbrushing habits were described based on the reports obtained from the parents of all
5–6-year-old participants. Routine daily toothbrushing was reported by 360 (80%) of all respondents:
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145 (32%)—2 times and 215 (48%)—once per day, respectively. The rest (20%) of the study group
(90 individuals) brushed their teeth irregularly, and three (0.7%) individuals did not brush their teeth.

Analysis of the prevalence of active caries lesions in the first permanent molars, with respect to
the presence of dental plaque on the permanent molars, showed that it significantly correlated with
the recorded plaque levels (r = 0.433; p < 0.001). The percentage of individuals presenting with active
caries was significantly higher in the group of children scored with the plaque scores 2 and 3 (Table 3).
There was a significant correlation with the self-reported toothbrushing frequency, indicating that the
individuals who brushed their teeth 1–2 times per day had significantly fewer active caries lesions
than those who did it less frequently (Table 3). Moreover, there was a statistically significant difference
in the prevalence of active caries lesions among those individuals who brushed their teeth two times
per day and those who did it less frequently (χ2 = 58.181; df = 2; p < 0.001).

Table 3. Distribution of active caries lesions in the first permanent molars and odds ratio estimates for
an association between the prevalence of active caries lesions and the dental plaque levels, as well as
the self- reported toothbrushing habits among 5- and 6-year-old children.

Age, Years
Active Caries (Noncavitated and Cavitated Lesions)

n (%) of Individuals
with Active Lesions OR (95% CI)

Dental plaque (plaque scores)

5–6
No plaque (0+1), n = 224 34 (15)

1
7.36 (4.70–11.52)Plaque present (2+3), n = 230 131 (57)

p value * <0.001

5
No plaque (0+1), n = 35 4 (11)

1
4.01 (1.19–13.49)Plaque present (2+3), n = 44 15 (34)

p value 0.019

6
No plaque (0+1), n = 188 30 (16)

1
8.73 (5.35–14.25)Plaque present (2+3), n = 186 116 (62)

p value <0.001

Self-reported toothbrushing frequency

5–6
1–2 times per day, n = 360 103 (29) 1

4.99 (3.063–8.13)Irregularly/never, n = 93 62 (67)

p value <0.001

5
1–2 times per day, n = 58 8 (14)

1
6.88 (2.21–21.41)Irregularly/never, n = 21 11 (52)

p value <0.001

6
1–2 times per day, n = 302 95 (32)

1
5.29 (3.01–9.29)Irregularly/never, n = 72 51 (71)

p value <0.001

* χ2 test. OR, odds ratio; CI, confidence interval.

Logistic regression analysis of the predictors of a high caries experience in permanent dentition
showed that those children who had their caries levels in the upper tertile of the dmfs distribution were
four times more likely to appear in the upper tertile of the DF-S distribution (Table 4). Furthermore,
age of the participants, as well as their toothbrushing frequency, were positively associated with a high
caries experience in the permanent teeth (Table 4).
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Table 4. Multivariate logistic regression of the predictors of a high caries experience* in the permanent
teeth of Lithuanian 5–6-year-olds.

Predictor High DF-S,
Odds Ratio (95% CI)

High % dmfs * 4.2 (2.7–6.8)

Age, years 2.7 (1.3–5.4)

Self-reported tooth brushing frequency 2.5 (1.5–4.3)

Nagelkerke R Square = 0.3; Overall Percentage = 81.2

* A high caries experience in primary and in permanent dentition was defined as belonging to the upper tertile
(dmfs > 21; DF-S > 2) of the distribution of dmfs and of DF-S values, respectively.

4. Discussion

The results of the present study showed that the first permanent molars of Lithuanian 5–6-year-old
kindergarten children were significantly affected by dental caries. Dental caries experiences differed in
accordance with age, presenting twice as many lesions recorded among the 6-year-old children than
among the 5-year-old children. Moreover, the prevalence of the cavitated caries lesions was more
than two times higher among the 6-year-olds, indicating the likelihood of the fast development of the
caries process in the newly erupted teeth. Active lesions dominated in both age groups. Interesting to
note that, although the prevalence of inactive caries lesions was generally very low (5%), there was a
5-fold difference among the two age groups, reflecting a certain increase in inactive lesions amongst
older children.

Only a few reports about dental caries prevalence in the permanent dentition of 5–6-year-old
children can be found in the literature. According to WHO, the youngest recommended age group
for oral health surveys in permanent teeth is 12 years, while the five-years age is of interest only in
relation to caries levels in primary dentition [15]. Although the caries prevalence markedly declined in
many countries over the world and a significant proportion of 12-year-old children in a number of
countries are still caries free, there are populations with a less pronounced reduction of the disease,
mainly reflecting the disparities in socioeconomical backgrounds of coming from the less developed
countries [16]. In such populations in particular, estimation of the disease prevalence and severity in
permanent dentition should be performed much earlier, in order to record the caries lesions before
they reached advanced stages of development.

The period of tooth eruption is considered a major challenge for caries development, due to the
limited mechanical function and, consequently, facilitated accumulation of the dental biofilm on the
erupting surfaces [17]. Moreover, the progression of caries lesions can be relatively fast in the newly
erupted teeth. As an example, about 25% of all permanent molars in Finnish children were restored
within a year of eruption [18]. The lesion progression in the occlusal surfaces can be even faster than in
the other types of surfaces. Despite the overall caries decline, the occlusal surfaces remain the sites
in the dentition which are most frequently attacked by dental caries [19]. The results of the present
study support this observation: more than 70% of the total caries experienced in the study population
comprised the lesions in the occlusal surfaces. Although part of the initially formed caries lesions may
become arrested when teeth reach the occlusal plane, a significant proportion of these lesions remain
active and in need of proper management [20]. Moreover, the patients with active caries lesions are
regarded as disease-active and have a high risk of caries development, unless actions are taken to
monitor this process [19]. As shown in the present survey, the prevalence of noncavitated caries lesions
among the 6-year-olds was twice as high as among the 5-year-olds, and the majority of them were still
active. In the present study, similar to the data obtained in the French population of the 6-year-old
children [21], more than 30% of the study participants had either untreated or filled cavitated lesions in
the first permanent molars.
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Presence of the undisturbed dental biofilm on a dental surface is known to be a major contributing
factor to the development of dental caries.Thus, the prevalence of active caries lesions in the first
permanent molars detected in the present study population correlated significantly with the recorded
dental plaque levels; there was up to nine times higher a chance to detect active caries lesions in those
children who had an abundant plaque present on the dental surfaces (the plaque scores 2 and 3). This
is not a new issue; it has been shown in a number of earlier studies that caries lesion activity is related
to the plaque scores on the dental surfaces [22–25]. Moreover, a significant correlation of the caries
experienced in the newly erupted permanent teeth with the caries experienced in the primary dentition,
as well as with the reported toothbrushing frequency of the participating children, was observed.
It is well-known that past caries experiences are a strong indicator of caries risk in individuals [26].
However, dental caries is often called a behavioral disease, where individual factors such as dietary
and oral hygiene habits play a role in the control of disease progression. Although the information
about the oral hygiene habits reported by the parents of the participating children in this study had a
subjective character, it was in line with the recently published results of the meta-analysis showing
that individuals who state that they brush their teeth less frequently are at greater risk to develop
new caries lesions than those who brush more frequently [27]. This implies that the strategy of caries
management in the pre-school population should primarily focus on the improved biofilm removal,
accompanied with a regular use of fluoridated toothpaste.

In this study, the visual dental plaque assessment was performed using the Silness–Löe index [14].
This index is based on the plaque accumulation estimates on the smooth surfaces of teeth and does not
provide information about the status of the occlusal surfaces. One could consider it as a limitation
of this study. However, the main argument for choosing the commonly used Silness–Löe index was
related to the fact that dental plaque accumulation is always more pronounced on the smooth surfaces
of teeth in contrast to the occlusal surfaces where it is continuously disturbed by the masticatory
movements. Therefore, we believe that this index has a better capability to reflect the general oral
hygiene level of the individuals than the occlusal indices.

Another important aspect pertaining to comparison of the disease prevalence/severity data in
different populations is the utilization of different diagnostic classifications. Substantial variability in the
clinical criteria for caries detection among the researchers can have an impact on the reports regarding
the disease-affected and disease-free individuals and, consequently, lead to different estimations of
treatment needs [11]. As an example, similarly to the present investigation, a survey among 7–8-year-old
children was performed around the same time in Poland. Dental caries was recorded in 15%–17% of
the study population [28]. This estimate is significantly lower than in the present population of the
Lithuanian 5–6-year olds. However, the assessment of dental caries in the above-mentioned survey
was based on the CAST (Caries Assessment Spectrum and Treatment) index, and all dental surfaces
with sealants or restorations were regarded as sound. Moreover, the distinction of noncavitated and
cavitated lesions was not clear as the CAST codes 3 and 4 were employed to define lesions in enamel
and dentine, based on the surface discoloration only, with or without the surface breakdown. The CAST
classification is not designed to assess activity status of the lesions. Thus, despite certain similarities
between the studied populations (similar geographical and cultural-economical backgrounds and the
investigation period), direct comparison of the data obtained from these surveys is not fair.

In the present study, the Nyvad criteria for the clinical assessment of caries lesions according to
their severity and activity status were used. These criteria have been shown to be reliable and valid
when used by trained examiners [8,13,29–31]. In the present study, the criteria for the first time were
employed in a national survey. The examiner was extensively trained and calibrated by the experienced
examiner, one of the developers of the Nyvad clinical classification of the caries lesions. The data
collected during the survey provided an important information about the unmet treatment needs in
Lithuanian children. Given the fact that the majority of the detected caries lesions (either noncavitated
or cavitated) were recorded as active, the obtained data should be a call for action in order to define an
appropriate management strategy in this population. Although the present study sample of individuals
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attending pre-school institutions was not truly representative of all Lithuanian 5–6-year-old children,
and certain limitations of the multistage cluster sampling should be acknowledged, it was sufficient to
demonstrate the existing dental care problems in a significant part of the population of this age.

The evidence about the efficacy of population-based interventions on oral health in general is not
consistent [32], although, in child populations, a high-profile of community, in office and individual
preventive measures have been shown to be effective in a number of countries [33]. Unfortunately,
the dental health services in Lithuania (both private and public) are mainly focused on restorative
treatments. Moreover, the public oral health care services in educational institutions hardly exist. This
means that control of the progression of dental caries is essentially a matter of individual understanding
and personal efforts of the Lithuanian residents. Therefore, the most likely way to address the problem
in this population would be an individual approach, supported professionally and based on caries
risk assessments, careful evaluation of the actual treatment need and patient counseling in order to
promote beneficial behavior [6,32,34–36].

5. Conclusions

The obtained data indicate high-treatment needs in the erupting first permanent molars of
Lithuanian 5–6-year-old children attending pre-school institutions and imply that caries management
in this population should primarily focus on improved biofilm removal, accompanied with the regular
use of fluoridated toothpaste.

Author Contributions: E.B.—Study design, interpretation of the data and drafting the manuscript; J.R.—Study
design, interpretation of the data, study implementation, V.A.—Data interpretation and drafting the manuscript
and V.M.—Clinical calibration, interpretation of the data and critical reading and writing the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by the Research Foundation of Lithuanian University of Health Sciences.

Acknowledgments: The authors thank the study participants and the administrative bodies of all kindergartens
for their cooperation during this survey. The authors gratefully acknowledge Irena Nedzelskiene for professional
statistical assistance.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

Ethics Approval and Consent to Participate: The research protocol was approved by the Kaunas Regional
Committee of Ethics for Biomedical Research, Kaunas, Lithuania (Protocol No. BE-2-19), following the permission
of the State Data Protection Inspectorate (Protocol No. 2R-732). The written informed consent was obtained from
all parents of the participating children, as well as from the leading persons of all educational institutions visited.

Consent for Publication: Not applicable.

References

1. Fejerskov, O.; Nyvad, B.; Kidd, E.A.M. Dental caries: What is it? In Dental Caries: The Disease and Its Clinical
Management, 3rd ed.; Fejerskov, O., Nyvad, B., Kidd, E., Eds.; Whiley Blackwell: Oxford, UK, 2015; pp. 7–10.

2. Thylstrup, A.; Bruun, C.; Holmen, L. In vivo caries models – mechanisms for caries initiation and arrestment.
Adv. Dent. Res. 1994, 8, 144–157. [CrossRef]

3. Fejerskov, O. Concepts of dental caries for understanding the disease. Community Dent. Oral Epidemiol. 1997,
25, 5–12. [CrossRef]

4. Baelum, V.; Machiulskiene, V.; Nyvad, B.; Richards, A.; Vaeth, M. Application of survival analysis to carious
lesion transitions in intervention trials. Community Dent. Oral Epidemiol. 2003, 31, 252–260. [CrossRef]

5. Maltz, M.; Barbachan, E.; Silva, B.; Carvalho, D.Q.; Volkweis, A. Results after two years of non-operative
treatment of occlusal surface in children with high caries prevalence. Braz. Dent. J. 2003, 14, 48–54. [CrossRef]
[PubMed]

6. Ekstrand, K.R.; Christiansen, M.E. Outcomes of a non-operative caries treatment programme for children
and adolescents. Caries Res. 2005, 39, 455–467. [CrossRef] [PubMed]

7. Kuzmina, I.; Ekstrand, K.R. Outcomes 18 years after implementation of a non-operative caries preventive
program—The Nexö-method—On children in Moscow, Russia. Community Dent. Oral Epidemiol 2015, 43,
308–316. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/08959374940080020401
http://dx.doi.org/10.1111/j.1600-0528.1997.tb00894.x
http://dx.doi.org/10.1034/j.1600-0528.2003.00045.x
http://dx.doi.org/10.1590/S0103-64402003000100009
http://www.ncbi.nlm.nih.gov/pubmed/12656465
http://dx.doi.org/10.1159/000088180
http://www.ncbi.nlm.nih.gov/pubmed/16251789
http://dx.doi.org/10.1111/cdoe.12155
http://www.ncbi.nlm.nih.gov/pubmed/25656923


Medicina 2020, 56, 105 12 of 13

8. Machiulskiene, V.; Nyvad, B.; Baelum, V. Prevalence and severity of dental caries in 12-year-old children in
Kaunas, Lithuania 1995. Caries Res. 1998, 32, 175–180. [CrossRef]

9. Ismail, A. Diagnostic levels in dental public health planning. Caries Res. 2004, 38, 199–203. [CrossRef]
10. Baelum, V.; Heidmann, J.; Nyvad, B. Dental caries paradigms in diagnosis and diagnostic research. Eur. J.

Oral Sci. 2006, 114, 263–677. [CrossRef]
11. Machiulskiene, V.; Carvalho, J.C. Clinical Diagnosis of Dental Caries in XXI Century: Introductory Paper.

ORCA Saturday Afternoon Symposium, 2016. Caries Res. 2018, 52, 387–391. [CrossRef]
12. Razmiene, J. Oral Hygiene Condition and Dental Caries Severity in 4–6 Year-Old Children Attending

Pre-School Institutions in Lithuania and Relationship between Dental Caries Severity and Socioeconomic
Status of the Family. Ph.D. Thesis, LSMU, Kaunas, Lithuania, 2013.

13. Nyvad, V.; Machiulskiene, V.; Baelum, V. Reliability of a new caries diagnostic system differentiating between
active and inactive caries lesions. Caries Res. 1999, 33, 252–260. [CrossRef] [PubMed]

14. Löe, H.; Silness, J. Periodontal disease in pregnancy. Prevalence and severity. Acta Odontol. Scand. 1963, 21,
533–551. [CrossRef] [PubMed]

15. WHO. Oral Health Surveys: Basic Methods, 5th ed.; World Health Organization: Geneva, Switzerland, 2013.
16. Bernabe, E.; Sheiham, A. Age, period and cohort trends in caries of permanent teeth in four developed

countries. Am. J. Public Health 2014, 104, E115–E121. [CrossRef] [PubMed]
17. Carvalho, J.C. Caries process on occlusal surfaces: Evolving evidence and understanding. Caries Res. 2014,

48, 339–346. [CrossRef] [PubMed]
18. Larmas, M.A.; Virtanen, J.I.; Bloigu, R.S. Timing of first restorations in permanent teeth: A new system for

oral health determination. J. Dent. 1995, 23, 347–352. [CrossRef]
19. Carvalho, J.C.; Dige, I.; Machiulskiene, V.; Qvist, V.; Bakhshandeh, A.; Fatturi-Parolo, C.; Maltz, M. Occlusal

Caries: Biological Approach for Its Diagnosis and Management. Caries Res. 2016, 50, 527–542. [CrossRef]
20. Alves, L.S.; Zenkner, J.E.; Wagner, M.B.; Damé-Teixeira, N.; Susin, C.; Maltz, M. Eruption Stage of Permanent

Molars and Occlusal Caries Activity/Arrest. J. Dent. Res. 2014, 93 (Suppl. 7), 114S–119S. [CrossRef]
21. Joseph, C.; Velly, A.M.; Pierre, A.; Bourgeois, D.; Muller-Bolla, M. Dental health of 6-year-old children in

Alpes Maritimes, France. Eur. Arch. Paediatr. Dent. 2011, 12, 256–263. [CrossRef]
22. Carvalho, J.C.; Ekstrand, K.R.; Thylstrup, A. Dental plaque and caries on occlusal surfaces of first permanent

molars in relation to stage of eruption. J. Dent. Res. 1989, 68, 773–779. [CrossRef]
23. Quaglio, I.M.; Sousa, M.B.; Andenghi, T.M.; Mendes, F.M.; Imparato, J.C.P.; Pinheiro, S.L. Association

between clinical parameters and the presence of active caries lesions in first permanent molars. Braz. Oral
Res. 2006, 20, 358–363. [CrossRef]

24. Siudikiene, J.; Machiulskiene, V.; Nyvad, B.; Tenovuo, J.; Nedzelskiene, I. Dental caries and salivary status in
children with type 1 diabetes mellitus, related to metabolic control of the disease. Eur. J. Oral Sci. 2006, 114,
8–14. [CrossRef] [PubMed]

25. Carvalho, J.C.; Mestrinho, H.D.; Oliveira, L.S.; Varjao, M.M.; Aimee, N.; Qvist, V. Validation of the Visible
Occlusal Plaque Index (VOPI) in estimating caries lesion activity. J. Dent. 2017, 64, 37–44. [CrossRef]
[PubMed]

26. Hausen, H.; Baelum, V. How accurately can we assess the risk for developing caries lesions? In Dental Caries:
The Disease and Its Clinical Management, 3rd ed.; Fejerskov, O., Nyvad, B., Kidd, E., Eds.; Whiley Blackwell:
Oxford, UK, 2015; pp. 423–438.

27. Holmes, R.D. Tooth brushing frequency and risk of new carious lesions. Evid. Based Dent. 2016, 17, 98–99.
[CrossRef] [PubMed]

28. Baginska, J.; Rodakowska, E.; Milewski, R.; Kierklo, A. Dental caries in primary and permanent molars in
7–8-year-old schoolchildren evaluated with Caries Assessment Spectrum and Treatment (CAST) index. BMC
Oral Health 2014, 14, 74. [CrossRef] [PubMed]

29. Nyvad, B.; Machiulskiene, V.; Baelum, V. Construct and Predictive Validity of Clinical Caries Diagnostic
Criteria Assessing Lesion Activity. J. Dent. Res. 2003, 82, 117–122. [CrossRef] [PubMed]

30. Séllos, M.C.; Soviero, V.M. (Reliability of the Nyvad criteria for caries assessment in primary teeth. Eur. J.
Oral Sci. 2011, 119, 225–231. [CrossRef]

31. Tikhonova, S.M.; Feine, J.S.; Pustavoitava, N.N.; Allison, P.J. Reproducibility and diagnostic outcomes of two
visual-tactile criteria used by dentists to assess caries lesion activity: A cross-over study. Caries Res. 2014, 48,
126–136. [CrossRef]

http://dx.doi.org/10.1159/000016450
http://dx.doi.org/10.1159/000077755
http://dx.doi.org/10.1111/j.1600-0722.2006.00383.x
http://dx.doi.org/10.1159/000486430
http://dx.doi.org/10.1159/000016526
http://www.ncbi.nlm.nih.gov/pubmed/10343087
http://dx.doi.org/10.3109/00016356309011240
http://www.ncbi.nlm.nih.gov/pubmed/14121956
http://dx.doi.org/10.2105/AJPH.2014.301869
http://www.ncbi.nlm.nih.gov/pubmed/24832427
http://dx.doi.org/10.1159/000356307
http://www.ncbi.nlm.nih.gov/pubmed/24577073
http://dx.doi.org/10.1016/0300-5712(95)98769-Y
http://dx.doi.org/10.1159/000448662
http://dx.doi.org/10.1177/0022034514537646
http://dx.doi.org/10.1007/BF03262818
http://dx.doi.org/10.1177/00220345890680050401
http://dx.doi.org/10.1590/S1806-83242006000400014
http://dx.doi.org/10.1111/j.1600-0722.2006.00277.x
http://www.ncbi.nlm.nih.gov/pubmed/16460335
http://dx.doi.org/10.1016/j.jdent.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28625857
http://dx.doi.org/10.1038/sj.ebd.6401196
http://www.ncbi.nlm.nih.gov/pubmed/27980327
http://dx.doi.org/10.1186/1472-6831-14-74
http://www.ncbi.nlm.nih.gov/pubmed/24952612
http://dx.doi.org/10.1177/154405910308200208
http://www.ncbi.nlm.nih.gov/pubmed/12562884
http://dx.doi.org/10.1111/j.1600-0722.2011.00827.x
http://dx.doi.org/10.1159/000353094


Medicina 2020, 56, 105 13 of 13

32. Jepsen, S.; Blanco, J.; Buchalla, W.; Carvalho, J.C.; Dietrich, T.; Dörfer, C.; Eaton, K.A.; Figuero, E.; Frencken, J.E.;
Graziani, F.; et al. Prevention and control of dental caries and periodontal diseases at individual and
population level: Consensus report of group 3 of joint EFP/ORCA workshop on the boundaries between
caries and periodontal diseases. J. Clin. Periodontol. 2017, 44 (Suppl. 18), S85–S93.

33. Splieth, C.H.; Christiansen, J.; Foster Page, L.A. Caries epidemiology and community dentistry: Chances
for future improvements in caries risk groups. Outcomes of the ORCA Saturday afternoon symposium,
Greifswald, 2014. Part 1. Caries Res. 2016, 50, 9–16. [CrossRef]

34. Carvalho, J.C.; Thylstrup, A.; Ekstrand, K.R. Results after 3 years of non-operative occlusal caries treatment
of erupting permanent first molars. Community Dent. Oral Epidemiol. 1992, 20, 187–192. [CrossRef]

35. Axelsson, P.; Nyström, B.; Lindhe, J. The long-term effect of a plaque control program on tooth mortality,
caries and periodontal disease in adults. Results after 30 years of maintenance. J. Clin. Periodontol. 2004, 31,
749–757. [CrossRef] [PubMed]

36. Hausen, H.; Seppa, L.; Poutanen, R.; Niinimaa, A.; Lahti, S.; Kärkkäinen, S.; Pietilä, I. Noninvasive control of
dental caries in children with active initial lesions. A randomized clinical trial. Caries Res. 2007, 41, 384–391.
[CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1159/000442713
http://dx.doi.org/10.1111/j.1600-0528.1992.tb01713.x
http://dx.doi.org/10.1111/j.1600-051X.2004.00563.x
http://www.ncbi.nlm.nih.gov/pubmed/15312097
http://dx.doi.org/10.1159/000104797
http://www.ncbi.nlm.nih.gov/pubmed/17713339
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design, Population and Sample Selection 
	Clinical Examinations 
	Collection of Nonclinical Data 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

