Journal of

%

Clinical Medicine

Article

The Influence of Coordinative Skills on the Oral Health
of Children and Adolescents in Permanent Dentition

Henrike Kolbow %*, Wieland Kiess 23, Christian Hirsch 12, Mandy Vogel 2(*/, Annett Schrock !

and Wieland Elger 12

check for
updates

Citation: Kolbow, H.; Kiess, W.;
Hirsch, C.; Vogel, M.; Schrock, A.;
Elger, W. The Influence of
Coordinative Skills on the Oral
Health of Children and Adolescents
in Permanent Dentition. J. Clin. Med.
2022, 11, 6472. https://doi.org/
10.3390/jcm11216472

Academic Editor: Pia Lopez-Jornet

Received: 29 September 2022
Accepted: 28 October 2022
Published: 31 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 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 (https://
creativecommons.org/licenses /by /
4.0/).

Department of Pediatric Dentistry, University of Leipzig, 04103 Leipzig, Germany

LIFE Leipzig Research Center for Civilization Diseases, University of Leipzig, 04103 Leipzig, Germany
Department of Women and Child Health, Hospital for Children and Adolescents and Center for Pediatric
Research, University of Leipzig, 04103 Leipzig, Germany

*  Correspondence: henrike.kolbow@medizin.uni-leipzig.de

Abstract: Removing dental plaque by using a toothbrush is the most important measure for oral
hygiene. The aim of the present study was to estimate the impact of the coordination skills of
children and adolescents on their oral health (plaque level, DMF/T: decayed, missing, filled teeth).
Within a prospective cohort study, 996 children (10 to 18 years) were examined. The results of three
coordination tests from the Motorik Modul (MoMo) were included to evaluate the coordination skills.
Other parameters taken into account were age, sex, orthodontic treatment and socioeconomic status
(SES). Univariate and various multivariate analyses were performed to evaluate relationships. Better
results in precision coordination tests were significantly related to a better oral hygiene (backward
balancing: logistic regression OR 0.86, 95%CI: 0.73-0.99, p = 0.051, proportional odds model OR 0.86,
95%CI: 0.75-0.99, p = 0.037; one-leg-stand: logistic regression OR 0.78, 95%CI: 0.63-0.96, p = 0.018,
proportional odds model OR 0.77, 95%CI: 0.64-0.92, p = 0.003). Higher scores on one-leg-stand
were significantly related to a lower caries prevalence (logistic regression OR 0.81, 95%CI: 0.66-0.99,
p = 0.037; Poisson regression exp(fs) 0.82, 95%CI: 0.74-0.91, p < 0.001). Coordination test under a
time constraint (jumping side-to-side) showed no significant relation. Oral hygiene was poorer in
younger children, boys and low SES. Caries prevalence increased with low SES and increasing age.
The present results suggest that oral health is influenced by coordinative skills.
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1. Introduction

Poor oral hygiene can result in tooth decay and loss, gingivitis, periodontitis, halitosis and
gum diseases [1]. This can negatively affect one’s quality of life, social functioning, school
performance, physical and psychological health and one’s economic opportunities [2,3].
One of the most prevalent chronic diseases in human populations is dental caries. It
is the most common chronic disease in children [4,5]. In 2016, children in Germany at
the age of 12 had a caries prevalence of 28.3% [6]. Understanding the determinants of
oral health is important to enhance and develop interventions to prevent oral diseases.
Early oral prophylaxis is important as adult oral health is predicted not only by childhood
socioeconomic advantage or disadvantage, but also by oral health in childhood [7,8].

To reduce the accumulation of plaque, mechanical tooth cleaning is the mainstay [9-11].
Proper toothbrushing is a simple motor activity that can promote oral health by removing
dental plaque [2]. During toothbrushing, the hand motion is controlled by the shoulder and
wrist, while the elbow generates the cyclic rhythm [12]. The effect of brushing instructions
could be evaluated not only by the efficiency of plaque removal but also by muscle activ-
ity [13]. Guidelines recommend supporting and supervising toothbrushing until children
are 8 to 10 years old [14].
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According to scientific research, adequate toothbrushing depends on the development
of psychomotor skills, the child’s hand function and coordination [15,16]. Furthermore,
the quality of toothbrushing depends on brushing methods including manual or powered
toothbrushing and on the motor performance of the toothbrushing motion [17-19]. How-
ever, no technique of toothbrushing has been shown to be unequivocally more efficient than
others [11]. We also know that oral health education alone does not improve toothbrushing
skills or behaviours significantly [10,20].

Good oral hygiene presents a challenge for children because of their restricted motor
skills as the use of a toothbrush is the most important measure for good oral hygiene [21]. It
has been shown that children with motor coordination disorders and level of motor ability
(developmental coordination disorder) have poorer performance regarding daily oral
hygiene [22]. We also know that motor development deficits observed in early childhood
are still apparent in adolescence [23]. This and the persistent high prevalence of caries
indicates that toothbrushing performances still need further intervention such as focusing
on coordinative skills.

The present study fills the research gap on how coordinative skills influence children’s
ability of toothbrushing by assessing the children’s coordinative skills as well as their oral health.
We hypothesized that children with better coordination skills also have better oral health.

2. Materials and Methods
2.1. Participants and Data Collection

For the present analysis, data from the LIFE Child study (clinical trial no. NCT02550236)
were analyzed. The LIFE Child study is a large population-based cohort study, taking
place in Leipzig, Germany [24]. The study aims to investigate how genetic, metabolic and
environmental factors can influence the health and development of children and adoles-
cents. The study was designed in accordance with the declaration of Helsinki and under
the supervision of the Ethics Committee of the Medical Faculty of the University of Leipzig
(Reg. No. 264/10-ek). The study participants were recruited through a network of hospitals,
health centers, schools and kindergartens. Apart from children with chronic, chromosomal
and syndromic diseases, all children were able to participate in the LIFE Child study. Before
the start of the study, children and parents were informed about the aim and procedure of
the study and asked for written consent [25,26].

We decided to only include children older than 9 years because we wanted participants
to brush their teeth independently. In the current research, participants aged 10 to 18 years
were studied, considering only one visit of each child from 2011 to 2015. During this
time, participants underwent various medical, dental and motor examinations. Additional
information was obtained through questionnaires [27]. Privacy protection was ensured by
anonymizing the data, as described elsewhere [24,25].

2.2. Coordination Tests

To assess the children’s motor performance, a test profile based on the Motorik-Modul
(MoMo) Longitudinal Study was used. MoMo is part of the German Health Survey
for Children and Adolescents (KiGGS) of the Robert Koch Institute, further described
elsewhere [28]. By measuring cardiorespiratory fitness, strength, coordination, speed and
mobility motor abilities were systemized [29]. The test profile consisted of 11 items [30].
The modular character of the MoMo allows researchers to use either the whole test module,
single tests or a sample of numerous test items.

In the LIFE Child study, coordinative abilities were assessed by 3 different tests.
Backward balancing and one-leg-stand estimated motor coordination. Focusing on dynamic
precision, the task jumping side-to-side evaluated motor coordination under time constraint.
All tests were accomplished as described by Woll et al. by trained and certified study
examiners in a sports room at the Leipzig Research Center for Civilization Diseases [31].

The one-leg-stand was used to check large motor coordination in static precision
tasks and was adopted from the screening test for the school enrollment of Schilling and
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Baedtke [32]. The participants were instructed to stand on their dominant leg for 1 min
with their eyes open and the number of floor contacts with the other leg was counted. The
test balancing backwards is based on the Hamm-Marburg Korperkoordinationstest (KTK)
for children and is used to check the dynamic balance of the whole body [33]. For testing
the backwards balancing skills, participants were required to balance backwards on three
beams of different latitudes, having two attempts per beam. The numbers of steps were
counted (up to eight steps per attempt) and added up to a final score. If a participant’s
foot or hand touched the ground or wall, the attempt was finished [34]. The jumping
side-to-side test, also based on KTK, is used to record the speed of action and endurance of
the lower extremities and examinates large motor coordination under time pressure. In
the side-to-side jumping test, attendees were asked to jump side-to-side from one mark
painted on the ground to an adjacent mark for 15 s. The final score was calculated from the
average of two trials.

2.3. Sociodemographic Predictors

Socioeconomic status (SES), sex and age were included as determinants in the analysis.
SES was categorized into three categories: low, middle and high, and assessed by a parent
questionnaire including the parent’s education and occupational qualification, occupational
status and total net income of the family household [35]. The so-called Winkler Index calculated
from this information ranges from 3 to 21, with higher values indicating a higher SES.

2.4. Clinical Examinations

Based on the method of Greene and Vermillion, oral hygiene was measured by the
level of plaque [36]. Three categories were applied: 1 = good, no plaque or calculus; 2 = fair,
localized plaque and/or calculus; 3 = poor, generalized presence of plaque and/or calculus.
To assess the children’s caries experience in permanent dentition, the DMF/T-Index was
measured at up to 28 teeth without consideration for third molars. A tooth was classified
as decayed (D) in case of the presence of an open cavitation. Initial caries lesions were not
considered. In case of tooth decay, teeth were registered as missing (M) and filled (F) teeth.
The examination of the DMF/T-Index was carried out according to WHO criteria from the
year 1997 [24].

Trained professionals performed dental examinations at the study center under stan-
dardized conditions. Each examiner was briefed prior to the investigation and was trained
at least twice. To assess the reproducibility of the results, the intraclass correlation was
calculated and reached an average value of >0.7, which corresponds to very high repro-
ducibility. This quality check was repeated every 6 months or when a new examiner was
introduced. The clinical examinations were performed at the study center using a standard
examination chair. The data were obtained with the help of electronic case report forms [27].

2.5. Statistical Analysis

Statistical analyses were conducted using R (version 4.2.1, Vienna, Austria) and IBM
SPSS Statistics (Version 27.0.1.0, IBM Corp., Armonk, NY, USA) [37]. The significance level
was set to « = 0.05. Descriptive statistics are presented as means and standard deviation
for continuous and counts and percentages for categorical variables. For the comparison
between two groups, we used t-tests for continuous and x?2 tests for categorical variables.
The three coordinate skills were transformed into age- and sex-adjusted standard deviation
scores using German references [28]. DMF/T and OH were dichotomized into DMF/T =0
(no caries experience) and DMF/T > 0 resp. into OH =1 (no or little plaque) and OH > 1.
Subsequently, the associations between the resulting binary variables as outcomes and
the three coordinative skills as predictors were assessed using univariate and multivariate
logistic regression analyses. Furthermore, Poisson regression was applied to assess the
association between the degree of DMF/T as an outcome and each coordinative skill as
predictor. Proportional odds regression models were used to assess the association between
the three-level variable OH and each coordinative skill.
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All multivariate models were adjusted for age, gender, SES and orthodontic treatment.
The results were presented as odds ratios (OR) for logistic and proportional odds models
and ratios (R = exp(f3)) for Poisson regression models, including the 95% confidence interval.
Finally, we estimated how much of the effect of SES was mediated by coordinative skills
using a mediation analysis, implemented as structural equation models.

3. Results
3.1. Study Population

The study population included 996 children and adolescents, aged 10-18 years, and
considered only one visit of each participant (Tables 1 and 2). The mean age was 12.7 years,
and with 50.8% girls both genders were represented almost equally. The population
was characterized by a rather high SES as only 13.1% of the subjects were assigned to a
low SES. In the past or at the time of examination, 23.1% of the participants underwent
orthodontic treatment. As can be seen, 31.1% of the population had caries experience,
meaning permanent dentition. Plaque was detected in 75.5% of the subjects.

Table 1. Association of oral hygiene and SES, sex, age, orthodontic treatment, DMF/T and coordina-
tion skills in children and adolescents of 10 to 18 years (Leipzig, Germany).

Oral Hygiene Total p-Value
Good Fair/poor
Total 24.5% (N = 244) 75.5% (N = 752) 100% (N = 996)
Mean age (£SD) yrs. ** 13.05 (£2.16) 12.63 (£2.06) 12.73 (£2.09) 0.007
Sex % (N) *
Male 38.5 (94) 52.7 (396) 49.2 (490)
Female 61.5 (150) 47.3 (356) 50.8 (506) <0.001
SES % (N) *
Medium/high 92.2 (225) 85.2 (641) 86.9 (866)
Low 7.8 (19) 14.8 (111) 13.1 (130) 0.005
DMF/T % (N) *
0 80.7 (197) 65.0 (489) 68.9 (686)
>0 19.3 (47) 35.0 (263) 31.1 (310) <0.001
Orthodontics % (N) *
No 76.2 (523) 78.4 (243) 76.9 (766)
Yes 24.2 (59) 22.7 (171) 23.1 (230) 0.643
Coordination test ~
(Mean £ SD) **
Backward balancing 0.53 (£0.88) 0.34 (£1.05) 0.39 (£1.01) 0.006
One-leg-stand 0.69 (£0.70) 0.51 (£0.81) 0.55 (£0.79) <0.001
Jumping side-to-side 0.24 (£1.18) 0.29 (£1.16) 0.28 (£1.16) 0.533
** t-test; * chi-square Test; SD, standard deviation; SES, socioeconomic status; ~ coordination tests: SDS transformed

(=3 to 3).

3.2. Multivariate Analyses

The results of the logistic regression analysis (Table 3) showed a significant relation
between the children’s level of plaque (OR = 0.78, p = 0.018) and DMF/T (OR = 0.81,
p = 0.037) and the results of the precisions coordination test, one-leg-stand (Figure 1). Good
results in backward balancing were associated with better oral hygiene (OR 0.86) and
almost reached the level of significance (p = 0.051).
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Table 2. Association of dental caries experience (DMF/T) and SES, seX, age, orthodontic treatment,

oral hygiene (plaque level) and coordination skills in children and adolescents of 10 to 18 years

(Leipzig, Germany).
DMEF/T Total p-Value
0 >0
Total 68.9% (N = 686) 31.1% (N = 310) 100% (N = 996)
Mean age (£SD) yrs. ** 12.47 (£1.99) 13.31 (£2.18) 12.73 (£2.09) <0.001
Sex % (N) *
Male 49.7 (341) 48.1 (149) 49.2 (490)
Female 50.3 (345) 51.9 (161) 50.8 (506) 0.631
SES % (N) *
Medium/high 90.4 (620) 79.4 (246) 86.9 (866)
Low 9.6 (66) 20.6 (64) 13.1 (130) <0.001
Orthodontics % (N) *
No 76.2 (523) 78.4 (243) 76.9 (766)
Yes 23.8 (163) 21.6 (67) 23.1 (230) 0.456
Oral Hygiene % (N) *
Good 28.7 (197) 15.2 (47) 24.5 (244)
Fair/Poor 71.3 (489) 84.8 (263) 75.5 (752) <0.001
Coordination test ~
(Mean £ SD) **
Balancing backwards 0.45 (£0.99) 0.25 (£1.05) 0.39 (£1.01) 0.005
One-leg-stand 0.60 (£0.76) 0.45 (4+0.84) 0.55 (£0.79) 0.009
Jumping side-to-side 0.31 (£1.15) 0.21 (1.20) 0.28 (+1.16) 0.180

** t-test; * chi-square Test; SD, standard deviation; SES, socioeconomic status; ~ coordination tests: SDS transformed

(=3 to 3).

Table 3. Logistic regression analysis of dental caries experience (DMF/T)/Oral hygiene and SES,
sex, age, orthodontic treatment and coordination skills in children and adolescents of 10 to 18 years

(Leipzig, Germany).
DMF/T Oral Hygiene *
Odds Ratio 95%CI p-Value Odds Ratio 95%CI p-Value
Lowest Highest Lowest Highest
Age 1.25-1.265  1.13-1.145S 1.38-1.40°§ <0.001 0.90-0.91 8 0.84-0.858 0.97-0.985  0.004-0.009 §
Female gender 1.03 0.74 142-1438  0.855-0.878S 0.57 0.42 0.76-0.775  0.001-0.008 §
Low SES 1.65-1.86 8 0.94-1.05 8 292-3.235  0.032-0.0825  2.18-2.585 1.23-1.47 8 3.98-4.705  0.001-0.008 §
Orthodontics*  1.65-1.675  0.93-0.95§ 2.86-2.915  0.072-0.0815  0.94-0.96 5 0.67-0.68 § 1.34-1375  0.785-0.829 §
Plaque level *
2 2082135 1.37-1.395S 3.27-3.345 <0.001 - - - -
3+ 6.88-7.14§ 3.44-3585  14.08-14.56 8 <0.001 - - - -
One-leg-stand 0.81 0.66 0.99 0.037 0.78 0.63 0.96 0.018
Backward
balancing 0.88 0.75 1.03 0.111 0.86 0.73 0.99 0.051
Jumping 0.97 0.85 112 0.709 1.06 0.93 1.20 0.387

side-to-side

* Oral hygiene = good vs. fair/poor; § value depending on the type of coordination test in the analysis; * braces in
the past for DMF/T and braces now for oral hygiene; * reference = good; 2 = fair; 3 = poor.
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Figure 1. Effect plots of logistic regression analysis of DMF/T and coordination skills in children
and adolescents of 10 to 18 years (Leipzig, Germany): (a) of the backward balancing test; (b) of the
one-leg-stand test.

The test of jumping side-to-side was the only test for which no significant association
with either the level of plaque or DMF/T was found. A significant gender difference was
observed for oral plaque accumulation (p = 0.001-0.008), with girls having a lower risk
for having dental plaque (OR = 0.57) than boys. A lower SES was significantly related to
higher plaque levels (OR 2.18-2.58, p = 0.001-0.008) and, in part significantly, to higher
caries risk (OR = 1.65-1.86, p = 0.032-0.082). With increasing age, the risk of caries increased
by approximately 25% at each year (p < 0.001), while oral hygiene improved (OR = 0.9,
p = 0.004-0.009). The potential influence of past orthodontic treatments on DMF/T was
evaluated. Analysis also included whether wearing braces at the time of the study had an
impact on oral hygiene. Logistic regression analysis revealed no significant interactions
between orthodontic treatments and plaque accumulation or DMF/T.

The results of the Poisson regression analysis (Table 4, Figure 2) showed that the
DMF/T decreased by a factor of 0.82 when test results were better in the one-leg-stand.
(p < 0.001). Caries experience increased with age (exp (8) ~ 1.2, p < 0.001), low SES
(exp () =2.31-2.50, p < 0.001), and increased plaque accumulation (exp (8)¢, = 2.16-2.20,
p <0.001; exp (8)poor = 4.35-4.57, p < 0.001). No significant relation between the coordinative
balancing backwards tests and jumping side-to-side and DMF/T could be found. In
addition, we found no evidence of association between subjects’ sex and their caries
experience. Adjusted for backward balancing, past orthodontic treatment had a significant
effect on caries prevalence. For one-leg stand and side-to-side jumps, the significance level
was also almost reached.
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Table 4. Poisson regression analysis of dental caries experience (DMF/T) and SES, sex, age, orthodon-
tic treatment, oral hygiene (plaque) and coordination skills in children and adolescents of 10 to
18 years (Leipzig, Germany).

DMF/T
Exp (B) 95%CI p-Value
Lowest Highest

Age 1.22-1.238 1.16-1.178 1.29-1.30 8 <0.001
Female gender 1.11-1.12 8 0.93-0.94 § 1.33-1.34 8 0.216-0.245 8

Low SES 2.31-2.508 1.67-1.818 3.21-3.46 8 <0.001
Orthodontics past 1.45-1.49 8 1.11-1.128 1.92-1.93 8 0.004-0.006 §

Plaque *

2% 2.16-2.208 1.64-1.67 § 2.90-2.96 8 <0.001

37 4.35-4.578 3.06-3.218 6.24-6.54 8 <0.001

One-leg-stand 0.82 0.74 0.91 <0.001

Backward balancing 0.94 0.87 1.02 0.132

Jumping side-to-side 0.94 0.88 1.02 0.125

§ Value depending on the type of coordination test in the analysis; SES, socioeconomic status; * Reference = good;
2 = fair; 3 = poor.
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Figure 2. Effect plots of Poisson regression analysis of DMF/T and coordination skills in children
and adolescents of 10 to 18 years (Leipzig, Germany): (a) of the backward balancing test; (b) of the
one-leg-stand test.

As revealed by the proportional odds model, better results in precision coordination
tests (one-leg-stand: p = 0.003; backward balancing: p = 0.037) were significantly related
to better oral hygiene (Table 5, Figures 3 and 4). The odds for more plaque accumulation
were reduced by about 23% when having better results in the one-leg-stand test. For better
scores in the backwards balancing test, a risk reduction for dental plaque by about 14%
was shown. The side-to-side jumping test showed no significant association with the level
of plaque (Figure 5). A low SES doubled the odds for more dental plaque (OR =2.1-2.4,
p = < 0.001-0.002). With increasing age, the level of plaque accumulation decreased
(OR = 0.9, p = 0.014-0.023). In addition, the analysis revealed that girls in our cohort had
odds ratios of approximately 0.5 for dental plaque compared with boys (p < 0.001). Again,
we found no significant influence of orthodontic treatments on the participants” oral health.
The proportional odds model provided a useful extension of the binary logistic models as
the response variable dental plaque is defined in ordered categories [38].
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Table 5. Proportional odds model of oral hygiene (plaque level) and SES, sex, age, orthodontic
treatment and coordination skills in children and adolescents of 10 to 18 years (Leipzig, Germany).

Oral Hygiene *
Odds Ratio 95%CI p-Value
Lowest Highest
Age 0.92-0.93 8 0.86-0.87 S 0.98-0.99 0.014-0.023 §
Female gender 0.53-0.54 8 0.41-0.418 0.71-0.72 8 <0.001
Low SES 2.11-2.48S 1.29-1.53§ 3.44-4.03 S <0.001-0.002 §
Orthr‘fgznms 1.09-1.19 § 0.79-0.80 8 1.50-1.53 § 0.528-0.614 5
One-leg-stand 0.77 0.64 0.92 0.003
Baclkward 0.86 0.75 0.99 0.037
balancing
Jumping 1.00 0.89 113 0.935

side-to-side

* Oral hygiene = good vs. fair vs. poor; SES, socioeconomic status; S value depending on the type of coordination
test in the analysis.

100%
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- .
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Figure 3. Proportional odds model of oral hygiene and the coordination backward balancing test.
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Figure 4. Proportional odds model of oral hygiene and the coordination one-leg-stand test.

SES
co- \
OH

Figure 5. Mediation analysis of oral hygiene (OH), SES and coordinative abilities.

3.3. Mediation Analysis

Approximately 20% of the effect of SES was mediated by the coordinative one-leg
stand test (p = 0.004); balancing backwards mediated 14% of the effect (p = 0.032) (Figure 5).
No corresponding effect could be demonstrated for the jumping side-to-side test. There
was no evidence that the coordinative ability mediates the effect of the SES on the DMF/T.

4. Discussion

The present study investigated whether better coordinative skills are associated with
better oral health in children and adolescents and if this persists adjustment for SES. To the
authors’ knowledge, this is the first study to focus on children’s and adolescents” coordinative
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abilities in direct association with their oral health. In this context, we were able to show that
oral health in terms of oral hygiene (plaque level) as well as caries prevalence (DMF/T) is very
well associated with, among other parameters, coordinative abilities (backward balancing,
one-leg-stand). This relationship was also indicated in other studies that revealed limited
motor and fine motor skills as restrictive factors for oral health [21,22,39]. With rising age,
oral hygiene improved, but the caries index increased. Girls had lower plaque levels both
univariately and in multivariate analyses. However, there was no sex difference with respect
to DMF/T. Subjects with low socioeconomic status were both more likely to have fair/poor
oral hygiene and higher caries prevalence. Orthodontic therapy, whether in the past or at the
time of the examination, showed no influence except for a significantly reduced caries risk for
children with better results in the backward balancing test.

In the present study, about 75% of the subjects examined had fair or poor oral hy-
giene. This appears somewhat higher than in the study by Diamanti et al. who exam-
ined a comparable age cohort [40]. However, it is still in a similar range, with 21.5% of
12-year-olds and 37.2% of 15-year-olds having good oral hygiene in the above study. The
phenomenon of better oral hygiene with increasing age is also evident in our analysis. A
similar effect was also found by Kudirkaite et al., and it seems plausible that brushing skills
and awareness of good oral hygiene are increasing in adolescents [41]. Approximately
70% of the study participants had no caries experience at the defect level. In a national
study, 12-year-olds from the studied region had a slightly lower value of about 20% defect
caries [6]. However, we also studied older adolescents, and it can be assumed that caries
prevalence increases with age. The number of carious lesions is subject to a cumulative
effect and must therefore statistically inevitably grow. In another German national study;
only 2.5% of young adults had no caries at all [42]. That girls seem to brush their teeth
better or/and more often was shown in each of our analyses and is also confirmed by other
studies [41,43]. However, this does not result in a significant difference in the DMF/T index,
which is in line with the results of the German Oral Health Study V [42]. One explanation
for this could be the multifactorial nature of caries development. Various parameters must
be taken into consideration and not only brushing is of importance. Nevertheless, our
analyses confirmed that plaque accumulation was still positively associated with DMF/T.

It is scientific consensus that oral health is strongly determined by social factors, and
this is also applicable in Germany [7,8,40-42]. Our findings are in line with this, as we were
able to confirm this in each of our analyses. SES was a distinct factor, and subjects from a
lower socioeconomic household had poorer scores in both oral health parameters compared
with the middle or high class. We also know that coordinative abilities are dependent
on SES [28]. As revealed by mediation analysis, the effect of SES on oral hygiene was
mediated by coordinative skills of the subjects. From this, we can conclude that promoting
coordination in vulnerable groups (e.g., low SES) might improve their oral health. These
motor skills thus also appear to be of paramount importance. Even after adjusting for all
possible confounders mentioned so far, significantly less plaque or calculus was found and
lower DMF/T values were determined when coordination skills were better.

Our study results were consistent with our hypothesis. Children with better precisions
skills according to the one-leg-stand and side-to-side jumping tests had less plaque. In
our opinion, these two tests can draw conclusions about individuals” ability to brush their
teeth. On the one hand, the structure of the “Motorik-Modul” allows a selection of the
tests without losing their meaningfulness [28]. On the other hand, the process of brushing
teeth is coordinative [15,44]. The side-to-side jumping test showed in none of the models
to have a positive association with the plaque level or DMF/T. A possible reason for this
finding is that the test measures the speed of action and the local strength endurance of the
lower extremities more than the coordinative component [33]. The DMF/T correlated only
with the one-leg-stand; no association with the backward balancing or jumping side-to-side
test was found. We expected less correlation between the coordinative test and DMF/T
because of the limitations of the DMF/T. The discrepancy between the incidence of plaque
accumulation and DMF/T is caused by the pathogenesis of caries. Cariogenic bacteria of
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dental plaque need time and substrate to cause irreversible demineralisation [45]. Because
of that, we evaluated the level of plaque as a more valid variable to assess oral health within
our study. In addition to that, the study cohort was characterized by a rather high SES,
which must be considered for the interpretation of all results. In addition, we assumed,
because of the stable level of oral health as well as motor abilities during growing up, that
our results are transferable to children of younger age [7,23].

Based on the knowledge of the pathogenesis of dental caries, future studies should
include the children’s diet as well as the frequency of dental check-ups as these predictors
influence oral hygiene [46,47]. In addition, no questions were asked about the participant’s
fluoride intake. The daily use of fluoride is the most evidence-based approach to prevent
dental caries and, therefore, an important determinant for caries prevalence [48]. Bos et al.
evaluated the coordinative skills with a further test for fine motor skills, which might be a
good extension for future investigations [28]. Still, the large sample size of the cohort and
the broad age range is a large strength of the study.

Orthodontic treatment of the subjects at the time of the investigation had no effect on
the plaque level. According to Kudirkaite et al., orthodontic appliances increase plaque
accumulation [41]. We did not observe this in our cohort. Regarding the relationship
between previous orthodontic treatments and DMF/T, only Poisson regression, including
the backward balancing test, showed a significant effect. A current review from Miiller
etal., a national survey by Choi et al. and a prospective cohort study by Cave et. al. showed
no higher caries risk because of orthodontics [1,49,50]. Walsh et al. formulated only an
increased caries risk due to orthodontic appliances [51]. A possible reason for our results
differing from current study results may be the small number of children with orthodontic
appliances. This is an unavoidable result of the population-based (and not orthodontic or
dental) background of the LIFE Child study.

5. Conclusions

The present findings indicate that the children’s ability for oral care is influenced
by their coordinative skills. The oral health of children and adolescents is influenced by
multiple factors. Therefore, oral prophylaxis should be developed in an interdisciplinary
manner and include coordinative support. Furthermore, research is necessary.
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