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Abstract: Background and Objectives: Balance is the ability of an organism to maintain its position
in space. Balance disorders in children can lead to injuries and limited physical activity. Balance
maintenance changes throughout puberty as well as in response to external factors. The study aimed
to evaluate the influence of anthropometric parameters on balance in children aged 10 to 13 years.
Materials and Methods: 308 children were accessed to eligibility to participate in the study. After
considering the inclusion and exclusion criteria the study included 223 participants (123 boys and
100 girls) aged 10 to 13 from elementary schools in Szczecin. The stabilometry of examineted children
was performed using the SIGMA balance platform. Results: It was shown that the balance parameters
in children aged 10 to 13 worsen with increasing body mass and height, and do not correlate with age.
Conclusions: Rapid diagnosis and identification of postural disorders in children make it possible to
start targeted physical exercises and to make the therapeutic process more effective and complex.
Future research is needed to obtain more data and draw conclusions crucial for physiotherapy practice.
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1. Introduction

Balance is a broad term defined as the ability of the body to regain its default position in space
after a destabilizing stimulus has stopped or as the ability to maintain its center of gravity over the area
outlined by feet [1-3]. A similar term defined in terms of motion is the postural stability, i.e., the ability
to maintain and control the center of gravity relative to the ground to prevent falls and enable effective
execution of the intended motion in space. In elderly patients, imbalance is an important risk factor for
falls, which can lead to permanent disability, especially with concomitant osteoporosis [4]. Balance
evaluation is also important in children as even suboptimal balance parameters can increase the risk
of falls, hamper psychomotor development and limit a child’s activity [5,6]. Balance development
starts in infants, when the static postural reflexes and weak defense responses are already functioning,
which are integrated at the level of the spinal cord and medulla oblongata. Around the age of 6 to
8 months, balance responses start to emerge, which later remain active throughout the lifetime. They
are controlled by the cerebral cortex, subcortical nuclei, and cerebellum [7].
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Three sensory systems are involved in maintaining balance, including proprioception, vision
and vestibular system. Signals received by those systems must be detected and correctly analyzed;
in physiological conditions, sensory deprivation from one or two different receptors (e.g., blindness
or closing eyes) should not prevent a person from maintaining balance. Nevertheless, effectors are
important as well—normal postural musculature provides the appropriate response to signals from
receptors [5]. Optimal control and training of postural muscles significantly improve balance [8].

For objective evaluation of balance parameters, standardized diagnostic tests and measuring
devices can be used, such as stabilometric platforms or contact force measuring mats [6,9]. The
measured parameters such as pathway length of the center of pressure and deviation dynamics are
often used to characterize postural balance in children [10].

It has been shown that balance training in young adults significantly improves the mechanisms
responsible for balance maintenance [11]. Other factors may influence the development of balance; our
study included children at school age when they are exposed to many factors negatively influencing
posture and postural stability, such as poorly-sized school benches, distance to the blackboard,
incorrect sitting, or carrying heavy backpacks [12]. Only a few studies are describing the evaluation of
anthropometric parameters on postural stability in children. Identifying parameters affecting posture
in children will enable future research on the most effective methods for diagnosis and management of
balance disorders in children. It can also bring valuable insights into balance development in children,
making it possible to diagnose any disturbances at the early stages.

This study aimed to evaluate the relationship between selected anthropometric parameters and
balance in children aged 10 to 13 years.

2. Materials and Methods

308 children were accessed to eligibility to participate in the study. After considering the inclusion
and exclusion criteria the study included 223 participants (123 boys and 100 girls) aged 10 to 13 (mean
age = 11.51, SD = 0.68) from randomly chosen elementary schools in Szczecin (Scheme 1). The groups
did not differ significantly with respect to age, body mass, and height.

The bioethics committee at the Pomeranian Medical University in Szczecin approved the research
project No. KB-0012/14/15, on 02.02.2015. The study was conducted after obtaining written, informed
consent by the children, school principals and parents. Both participants and their parents were
informed about the aim, study outline and future use of the results. The participants were informed
about their right to withdraw their consent to participate in the study without giving any reason. The
physical examination was safe and non-invasive, i.e., without breaking the skin. The measurements
were obtained according to ethical standards. The inclusion criteria included solely age 10-13, consent
of a child and child’s legal guardian, child’s cooperation, absence of musculoskeletal disorders affecting
postural stability and absence of mental illness, lack of neurological diseases or orthopedic injuries
affecting motor organs within six months before the examination (Scheme 1). The measurements were
conducted in the primary school of participating schools at a temperature of 22 °C. The children were
wearing sports costumes (so that the clothes did not limit their movement), and the sex segregation
was maintained. During the physical examination, the following were measured: body mass and
height using medical scales with height rod SECA 220 and postural stability using the SIGMA balance
platform. To acquire a precise measurement of a child’s height all children were instructed to stand at
the scales barefoot, with heels, buttocks, and shoulders touching the scales, and with head in Frankfurt
plane (the inferior margin of the left orbit and the upper margin of each ear canal or external auditory
meatus were aligned parallelly to the ground level).

The stabilometry was performed using the SIGMA balance platform with a diameter of 42 cm and
a weight of 6.5 kg. After each measurement, the platform was disinfected and stabilizing caps were
applied (same caps each time). Then, the child was placed on the platform, paying attention to the
correct position and distance between feet—feet were placed in equal distance from Y-axis marked
on the platform, as indicated by the platform’s producer. Then the platform was calibrated using the
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producer’s software. Each measurement took about 30 s, and the child was asked to keep the dot
displayed on the screen at the center. Using the software provided by the producer, all results were
saved and stored anonymously. The statistical analysis was conducted using Microsoft Excel 2016
and Statistica 13.1. The descriptive statistics were obtained, and then correlations were calculated for
the entire group as well as for each age group separately to eliminate the influence of the association
between the age and the tested variables on the results. Stability parameters were checked using the
Shapiro-Wilk test, which confirmed a normal distribution. The data were analyzed within groups
using Pearson’s method. The statistical significance level was set for p < 0.05.

Accessed to eligibility to
participate in the study (n=298)

[Excluded (n=75)

e  Musculoskeletal disorders affecting
child's postural stability (n=2)

e  Mental illness (n=6)

e Neurological diseases (n=5)

e  Orthopedic injuries affecting motor
organs within 6 months (n=12)

e  Absence of a child’'s cooperation
(n=14)

e  Absence of a child's consent (n=3)

e  Absence of a child’s legal guardian
consent (n=7)

e Not meeting age criteria (n=26)

e Other reasons (n=0)

Qualified for the study

(n=223)
Boys Girls
(n=123) (n=100)
| |
| | 1 1 | | | 1

Age 10| | Age 11| |Age 12| [Age 13 Age 10| |Age 11| |Age 12| | Age 13
(n=6) | | (n=58) | | (n=54) | | (n=5) (n=5) | | (n=43) | | (n=43) (n=9)

Scheme 1. Selection of study participants.
3. Results

Correlations were conducted between anthropometric and stability parameters in boys and
girls (Tables 1 and 2). No correlations were found between age and balance parameters. For the
entire study group, the statistically significant results were obtained only for 12-year-olds, probably
because they were the most numerous age group. For the entire group of 12-year-olds, we found a
statistically significant positive correlation with medium effect size between the body mass and the
mean Y-axis deviation as well as a significant positive correlation with small effect size between the
height and the pathway length (Figures 1 and 2, respectively). However, when individual correlations
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were calculated for 12-year-old boys and girls separately (Table 3), only the body mass correlated
positively with medium effect with balance parameters in a significant way (in each case with the mean
Y-axis deviation, and for girls also in X-axis deviation). For almost all age groups, we found positive
correlations between body mass and balance parameters using the Pearson’s method (coefficient as
high as 0.75), indicating a large effect, but in most cases, the results were not statistically significant for
p < 0.05. The strongest statistically significant correlation was the influence of the body mass on the
Y-axis deviation in 12-year-old girls (Table 3). Additionally, in this group, the body mass correlated
slightly with the mean X-axis deviation. No statistically significant correlation was found for the area.

Table 1. Comparison of anthropometric and stability parameters between boys and girls.

Variable Boys (n =123) Girls (n = 100)

X +SD Min Max X +SD Min Max

Age [y] 11.46 0.66 10 13 1155 0.72 10 13

Body mass [kg] 41.97 11.08 25.1 70.8 42.14 8.8 24.5 77.0
Height [cm] 14863  8.88 131 172 14751 923 125 170
Mean deviation X 0.072 0.06 0004 0308 0.07 0.06 0.001 0.29
from the axis Y 0.05 006 00003 0269 0.05 0.04 0.002 0.27
Pathway length 278 1285 5.87 83.2 2328 1381 5.69 96.95
Area 0.88 0.56 0.1 2.76 0.89 0.49 0.1 2.49

X—mean; SD—standard deviation; Min—minimal value; Max—maximal value.

Table 2. Correlation between anthropometric and stability parameters for the entire study group.

Variable Mean X-Axis Deviation Mean Y-Axis Deviation Pathway Length
Entire study group
R ~0.006 ~0.05 0.07
A
8¢ ) 0.93 0.42 0.28
Children aged 10
R ~033 0.26 0.011
B
ody mass [kel ) 0.37 0.72 0.97
. R 0.1 0.5 ~0.27
Height [cm] ) 0.77 0.19 0.61
Children aged 11
R 0.18 0.03 0.12
B
ody mass [kel ) 0.07 0.79 0.23
. R 0.16 0.02 0.07
Heigh
cight [em] ) 0.1 0.86 0.45
Children aged 12
R 0.17 0.37 0.13
B K
ody mass [kel ) 0.1 <0.001 0.2
. R 0.05 0.17 0.2
Heigh
cight fem] ) 0.6 0.09 0.047
Children aged 13
R ~0.03 0.46 ~0.07
B K
ody mass [kel ) 0.92 0.17 0.84
. R 0.18 -0.29 ~0.28
Heigh
eight [em] ) 0.59 037 0.4

R—correlation coefficient p—p-value.
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Table 3. Correlations between anthropometric and stability parameters in boys and girls.
P % y g
Variable Boys Girls
Mea.n Mea.n Pathway Mea.n Mea.n Pathway
X-axis Y-axis Leneth Area X-axis Y-axis Leneth

Deviation Deviation 8 Deviation Deviation 8

Entire Age R 0.03 0.01 0.13 0.07 —0.048 -0.1 0.01
group g ((2)] 0.72 0.96 0.16 0.46 0.63 0.29 0.89
Body mass [kg] R -0.1 0.53 047 0.46 —0.78 -0.67 -0.9

Age 10 y 5 ® 0.83 0.34 0.39 0.4 0.25 0.31 0.19
Height [cm] R 0.25 0.75 0.41 0.47 -0.8 —0.63 —0.84

& p) 0.64 0.19 0.45 0.39 0.24 0.34 0.22
Body mass [kg] R 0.2 0.04 0.2 0.17 0.17 -0.02 —-0.06

Age 11 Y 8 P) 0.14 0.74 0.13 0.22 0.29 091 0.72
Height [cm] R 0.14 0.05 0.15 0.22 0.3 -0.11 -0.14

& ®) 03 0.66 027 0.1 0.053 0.49 0.38

Body mass [ke] R 0.03 0.33 0.1 0.13 0.37 0.45 0.17

Age 12 v S 0.84 0.02 0.45 0.34 0.02 0.01 0.26

Height [cm] R 0.003 0.18 0.21 0.18 0.12 0.17 0.2

& ®) 0.98 02 0.13 02 043 0.26 02
Body mass [kg] R -0.52 0.67 0.73 0.94 0.37 -0.26 —0.63

Age 13 y & ® 0.41 031 028 0.18 0.44 0.59 02
Height [cm] R -0.16 —0.02 -0.07 0.72 0.32 -0.75 -0.37

& p) 0.79 0.97 0.9 0.27 0.5 0.14 0.44

R—correlation coefficient; p—p-value.
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Figure 1. The relationship between body mass and the mean Y-axis deviation in 12-year-olds (p < 0.001).
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Figure 2. The relationship between the height and the pathway length in 12-year-olds (p = 0.047).
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In girls, the anthropometric parameters affected significantly more balance parameters as compared
to boys (Table 3).

For the entire group, the height showed a significant correlation with balance as well. In both
boys and girls, such relationships were observed, however, at this group size no statistical significance
was shown (Table 2).

At ages 10 and 13 some small to medium-sized negative correlations were observed, but these
were not significant (Table 2).

4. Discussion

Postural stability control and balance maintenance are essential for basic functioning [1] and hence
their impaired development can hugely affect the child’s function later in life. As mentioned before,
maintaining balance engages three systems, i.e., the vestibular system, vision, and proprioception. The
received signals make it possible to adjust the spatial orientation and maintain balance.

In our study, we tried to evaluate the relationship between anthropometric parameters and
postural stability in children aged 10 to 13. At this age, the child attends school and is exposed to
many factors, which can negatively influence its posture and postural stability such as poorly-adjusted
school bench size, distance to the blackboard, incorrect sitting position, carrying a heavy backpack,
and hunching [13]. It is also believed that age 7 is critical for postural development [13]. Other authors,
including Wolanski et al. and Roncesvalles et al. consider postural stability to develop between the
ages 8 to 9 [14,15]. There are also papers arguing that the locomotor and postural model in 7-year-olds
is similar to adults [15-17]. Nevertheless, with new experiences and skills, it is possible to continue the
development of all elements engaged in postural control, and keeping correct posture in children up to
the age of 12 can be harder than in adults due to lacking integration of signals coming from different
receptors [18,19]. In our study, we did not observe any correlation between age and anthropometric
parameters. It might indicate that the center of gravity is stable as early as the age of 10 and does not
change with age later on. That correlation, although not statistically significant, has been acknowledged
in the cited literature.

One factor that influenced postural stability in a statistically significant way was the child’s
body mass. In many studies, including ours, it has been established that large body mass in children
negatively influences their balance and, as a consequence, leads to limited physical activity [20-23].
According to WHO age- and gender-specific growth reference charts, overweight in children and
adolescents aged 5-19 years is defined as body mass index (BMI), +1 standard deviations (SD), and
obesity as BMI +2 SD. [24] In our study the percentage of overweight boys and girls was 17.88% and
20%, respectively, and the percentage of obese boys and girls was 11.38% and 6%, respectively. The
results obtained in Kulaga et al. say that the estimates of overweight prevalence in boys and girls aged
7-18 years in the Polish population, using the WHO definition, is 24.6% (23.66-25.52%) and 17.4%
(16.58-18.15%), respectively, and obesity is seen in 8.8% (8.17-9.39%) of boys and 4.2% (3.84—4.68%)
of girls [25]. In the study by Villarrasa-Sapifa et al., it was shown that obese children, compared to
their peers with normal body mass, display longer pathways on the pressure platform test, which is
reflected by poorer balance parameters [20].

Vision is considered an essential factor playing a key role in maintaining balance in adults [13].
However, many studies show that vision in children does not substantially affect stabilogram parameters.
The study by Blaszczyk et al. shows that, in children aged 3 to 7, the vision has only a minor influence on
the stability parameters, which proves that the vision does not play a considerable role in maintaining
balance [1,13].

In the study by Peterson et al., it was shown that children up to the age of 12 cannot fully integrate
signals coming from the eyes and the vestibula to keep postural stability [21]. Steindl et al. established
that the full integration of visual and vestibular signals in maintaining upright posture does not
develop until the age of 15 to 16 [22].
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To sum up, coordination and cooperation with vision develop as late as up to the age of 16. In
our study, we did not include stabilization platform tests with closed eyes, and thus we are unable to
assess the impact of visual integration on postural stability; however, it should be kept in mind that
visual disturbances can also affect balance parameters. In our study, visual disturbances constituted an
exclusion criterium.

Another important issue in postural stability are posture problems, which are frequently
encountered in school-aged children. When unnoticed or ignored, they can negatively affect balance
development and stability in children, leading to poor balance and increased risk of falls and bone
fractures in adult life [23]. It has been proven that patients with idiopathic scoliosis have poorer posture
stability control compared to healthy individuals, and left-sided scoliosis leads to poorer stabilometric
parameters in children [26,27]. In the study by Walicka-Cuprys$ et al., it has been established that
increased posterior torso tilt and increased anterior pelvic tilt result in an abnormal load on the anterior
parts of the feet, the left feet in particular, and poorer stabilometric parameters including sagittal-plane
deviation [28]. In our study, we assumed increased lumbar lordosis and thoracic kyphosis to be the
exclusion criteria, to eliminate the influence of those factors on our results.

Colne et al. compared prepubescent obese boys with normal-sized boys and showed an increased
X-axis and Y-axis deviation in the former [29]. Body mass can also affect balance by causing abnormal
posture [30]. This multidirectional influence has been confirmed in numerous studies evaluating
the impact of the body mass on balance parameters [31,32]. In our study, we found a statistically
significant correlation with the medium impact between the body mass and the mean Y-axis deviation
in 12-year-olds, which confirmed the premise that obesity in children negatively affects their postural
stability. Randomized clinical trials are being conducted investigating the effect of weight loss in obese
children on their balance and neuromotor functioning, which will attempt to answer the question of
whether the balance disturbances caused by obesity can resolve after returning to the normal body
mass [33]. Additionally, our study showed a statistically significant influence of the height on the
balance parameters.

As for today, there are no established norms for used balance parameters, as the method using
a balance platform is still a novelty. Therefore, we could only calculate the correlations between the
parameters—it could not be determined if the balance parameters are correct in each child. In future
research, it may be useful to determine such norms in larger study populations, as it can make clinical
decisions easier, providing additional information during children’s physiotherapy and training.

Our research shows that anthropometric parameters have an important influence on balance
in children, which may suggest the need to broaden the research to obtain data on the impact of
different parameters on balance, such as parietal height, shoulder width, pelvic girdle, width between
interspinous fragments, and chest, shoulder, and forearm circumference.

5. Conclusions

Research on postural stability in children is crucial in both theory and clinical practice, especially
for physiotherapists. Rapid diagnosis and identification of postural disorders in children make it
possible to start targeted physical exercises and to make the therapeutic process more effective and
complex. In each child, factors affecting the development and function of the balance system are
different. It is possible to tailor exercise programs in individual cases of postural control dysfunction,
taking into account the impact of factors such as the body mass, height, age, and sex on balance
parameters. However, future research is needed to obtain more data and draw conclusions crucial for
physiotherapy practice.
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Funding: This research received no external funding.

Conflicts of Interest: The authors do not declare any conflict of interest.



Medicina 2020, 56, 176 80f9

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Blaszczyk, J. Kontrola stabilnoéci postawy ciata. KOSMOS 1993, 42, 473-486.

Held-Ziétkowska, M. Organizacja zmystowa i biomechanika uktadu réwnowagi. Magazyn Otolaryngol. 2006,
5, 39-46.

Atwater, S.W.; Crowe, T.K,; Deitz, ].C.; Richardson, PK. Interrater and Test-Retest Reliability of Two Pediatric
Balance Tests. Phys. Ther. 1990, 70, 79-87. [CrossRef] [PubMed]

Miko, I; Szerb, I; Szerb, A.; Bender, T.; Podr, G. Effect of a balance-training programme on postural balance,
aerobic capacity and frequency of falls in women with osteoporosis: A randomized controlled trial. ]. Rehabil.
Med. 2018, 50, 542-547. [CrossRef]

Ng, S.5.M.; Guo, X,; Liu, K; Ki, W.; Louie, L.H.T.; Chung, R.C.; Macfarlane, D.]. Task-Specific Balance Training
Improves the Sensory Organisation of Balance Control in Children with Developmental Coordination
Disorder: A Randomised Controlled Trial. Sci. Rep. 2016, 6, 20945. [CrossRef]

Condon, C.; Cremin, K. Static Balance Norms in Children. Physiother. Res. Int. 2013, 19, 1-7. [CrossRef]
[PubMed]

Paszko-Patej, G.; Terlikowski, R.; Kutak, W.; Sienkiewicz, D.; Okurowska-Zawada, B. Czynniki wplywajace
na proces ksztattowania réwnowagi dziecka oraz mozliwosci jej obiektywnej oceny. Neurol. Dziecigca 2011,
20,121-127.

Lin, S.-I.; Woollacott, M.H. Postural Muscle Responses Following Changing Balance Threats in Young,
Stable Older, and Unstable Older Adults. J. Mot. Behav. 2002, 34, 37-44. [CrossRef]

Powers, C.M. The Influence of Altered Lower-Extremity Kinematics on Patellofemoral Joint Dysfunction:
A Theoretical Perspective. J. Orthop. Sports Phys. Ther. 2003, 33, 639-646. [CrossRef]

Kostiukow, A.; Rostkowska, E.; Samborski, W. Badanie zdolnosci zachowania réwnowagi ciata. Ann. Acad.
Med. Stetin. 2009, 55, 102-109. [PubMed]

Verbecque, E.; Vereeck, L.; Hallemans, A. Postural sway in children: A literature review. Gait Posture 2016,
49, 402-410. [CrossRef] [PubMed]

Lesinski, M.; Hortobagyi, T.; Muehlbauer, T.; Gollhofer, A.; Granacher, U. Dose-Response Relationships of
Balance Training in Healthy Young Adults: A Systematic Review and Meta-Analysis. Sports Med. 2014, 45,
557-576. [CrossRef] [PubMed]

Mraz, M.; Nowacka, U.; Skrzek, A.; Mraz, M.; Debiec-Bak, A.; Sidorowska, M. Postural stability of women at
the age of 8-22 on the basis of posturographic examinations. Physiotherapy 2010, 18, 35-43. [CrossRef]
Wolaniski, N. Rozwdj Biologiczny Czlowieka, 7th ed.; Wydawnictwo PWN: Warszawa, Poland, 2006.
Roncesvalles, M.N.; Schmitz, C.; Zedka, M.; Assaiante, C.; Woollacott, M. From Egocentric to Exocentric
Spatial Orientation: Development of Posture Control in Bimanual and Trunk Inclination Tasks. J. Mot. Behav.
2005, 37, 404-416. [CrossRef]

Riach, C.; Starkes, J. Stability limits of quiet standing postural control in children and adults. Gait Posture
1993, 1, 105-111. [CrossRef]

Berger, W.; Quintern, J.; Dietz, V. Stance and gait perturbations in children: Developmental aspects of
compensatory mechanisms. Electroencephalogr. Clin. Neurophysiol. 1985, 61, 385-395. [CrossRef]

Assaiante, C.; Mallau, S.; Viel, S.; Jover, M.; Schmitz, C. Development of Postural Control in Healthy Children:
A Functional Approach. Neural Plast. 2005, 12, 109-118. [CrossRef]

5S4, C.D.S.C.D.; Boffino, C.C.; Ramos, R.T.; Tanaka, C. Development of postural control and maturation
of sensory systems in children of different ages a cross-sectional study. Br. J. Phys. Ther. 2017, 22, 70-76.
[CrossRef]

Villarrasa-Sapifia, I.; Garcia-Masso, X.; Serra-Ano, P.; Garcia-Mass6, X.; Gonzélez, L.M.; Lurbe, E. Differences
in intermittent postural control between normal-weight and obese children. Gait Posture 2016, 49, 1-6.
[CrossRef]

Peterson, M.L.; Christou, E.; Rosengren, K. Children achieve adult-like sensory integration during stance at
12-years-old. Gait Posture 2006, 23, 455-463. [CrossRef]

Steindl, R.; Kunz, K.; Schrott-Fischer, A.; Scholtz, A. Effect of age and sex on maturation of sensory systems
and balance control. Dev. Med. Child Neurol. 2006, 48, 477-482. [CrossRef]

Nowotny, J. Cwiczenia Korekcyjne w Systemie Stacyjnym; AWF: Katowice, Poland, 2001.


http://dx.doi.org/10.1093/ptj/70.2.79
http://www.ncbi.nlm.nih.gov/pubmed/2296615
http://dx.doi.org/10.2340/16501977-2349
http://dx.doi.org/10.1038/srep20945
http://dx.doi.org/10.1002/pri.1549
http://www.ncbi.nlm.nih.gov/pubmed/23703740
http://dx.doi.org/10.1080/00222890209601929
http://dx.doi.org/10.2519/jospt.2003.33.11.639
http://www.ncbi.nlm.nih.gov/pubmed/20698188
http://dx.doi.org/10.1016/j.gaitpost.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/27505144
http://dx.doi.org/10.1007/s40279-014-0284-5
http://www.ncbi.nlm.nih.gov/pubmed/25430598
http://dx.doi.org/10.2478/v10109-010-0057-0
http://dx.doi.org/10.3200/JMBR.37.5.404-416
http://dx.doi.org/10.1016/0966-6362(93)90021-R
http://dx.doi.org/10.1016/0013-4694(85)91030-2
http://dx.doi.org/10.1155/NP.2005.109
http://dx.doi.org/10.1016/j.bjpt.2017.10.006
http://dx.doi.org/10.1016/j.gaitpost.2016.06.012
http://dx.doi.org/10.1016/j.gaitpost.2005.05.003
http://dx.doi.org/10.1017/S0012162206001022

Medicina 2020, 56, 176 90f9

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

World Health Organization Regional Office for Europe. Adolescent Obesity and Related Behaviours: Trends and
Inequalities in the WHO European Region, 2002—-2014; World Health Organization Regional Office for Europe:
Kebenhavn, Denmark, 2017.

Kutaga, Z.; Grajda, A.; Gurzkowska, B.; Wojtyto, M.A.; G6zdz, M.; Litwin, M.S. The prevalence of overweight
and obesity among Polish school—Aged children and adolescents. Przegl. Epidemiol. 2016, 70, 641-651.
Silferi, V.; Rougier, P; Labelle, H.; Allard, P. Postural control in idiopathic scoliosis: Comparison between
healthy and scoliotic subjects. Revue de Chirurgie Orthopedique et Reparatrice de L'appareil Moteur 2004, 90,
215-225. [CrossRef]

Haumont, T.; Gauchard, G.C.; Lascombes, P.; Perrin, PP. Postural Instability in Early-Stage Idiopathic
Scoliosis in Adolescent Girls. Spine 2011, 36, E847-E854. [CrossRef]

Walicka-Cuprys, K.; Skalska-Izdebska, R.; Drzat-Grabiec, J.; Sotek, A. Correlation between body posture and
postural stability of school children. Adv. Rehabil. 2013, 27, 47-54. [CrossRef]

Colné, P; Frelut, M.; Peres, G.; Thoumie, P. Postural control in obese adolescents assessed by limits of stability
and gait initiation. Gait Posture 2008, 28, 164-169. [CrossRef]

Hue, O,; Simoneau, M.; Marcotte, J.; Berrigan, F,; Doré, J.; Marceau, P.; Marceau, S.; Tremblay, A.; Teasdale, N.
Body weight is a strong predictor of postural stability. Gait Posture 2007, 26, 32-38. [CrossRef]

Wyszyriska, J.; Podgorska-Bednarz, J.; Drzal-Grabiec, ].; Rachwat, M.; Baran, J.; Czenczek-Lewandowska, E.;
Leszczak, J.; Mazur, A. Analysis of Relationship between the Body Mass Composition and Physical Activity
with Body Posture in Children. BioMed Res. Int. 2016, 2016, 1851670. [CrossRef]

McGraw, B.; McClenaghan, B.A.; Williams, H.G.; Dickerson, J.; Ward, D.S. Gait and postural stability in
obese and nonobese prepubertal boys. Arch. Phys. Med. Rehabil. 2000, 81, 484-489. [CrossRef]

Sun, E-H.; Wang, L.; Wang, L. Effects of weight management program on postural stability and neuromuscular
function among obese children: Study protocol for a randomized controlled trial. Trials 2015, 16, 143.
[CrossRef]

@ © 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/10.1016/S0035-1040(04)70097-5
http://dx.doi.org/10.1097/BRS.0b013e3181ff5837
http://dx.doi.org/10.2478/rehab-2014-0026
http://dx.doi.org/10.1016/j.gaitpost.2007.11.006
http://dx.doi.org/10.1016/j.gaitpost.2006.07.005
http://dx.doi.org/10.1155/2016/1851670
http://dx.doi.org/10.1053/mr.2000.3782
http://dx.doi.org/10.1186/s13063-015-0673-6
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

