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1 Introduction

The prevalence of postural defects in children and adolescents has been of concern
to those concerned with the development of the younger generation for years [1].
Posture is called the way an individual hold themselves in a free-standing position,
and the external manifestation of this is the mutual spatial arrangement of the vari-
ous parts of the body and the silhouette of a person. Posture is similar but not identi-
cal in all people—it is an individual trait [2]. Posture according to Kasperczyk’s
definition, is the arrangement of individual body parts, not affected by pathological
changes, providing optimal stability of the body requiring minimal muscular effort
and “creates conditions for optimal positioning of internal organs” [3]. By abnormal
posture we mean one in which, due to the occurrence of a defect, deformities have
occurred in the formation of the spine, chest, pelvis, lower limbs or feet [4]. The
greatest risk of developing abnormal posture is during the period of rapid growth,
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i.e., between the ages of 5 and 7, and adolescence, i.e., between the ages of 12 and
16 [5]. However, it should be noted that some deviations from normal posture are
physiological for a certain age. Until about age 6, lumbar hyperlordosis is present,
and the formation of spinal curvatures occurs at age 7. The ontogeny of the develop-
ment of the lower extremities is distinguished by greater variability. Up to the age
of 3 years, the characteristic feature is the scoliosis of the knees. At the age of
4-6 years, physiological valgus of the knees occurs [6]. Schildt showed that the
changes that occur in the musculoskeletal system at the age of 5-7 are genetically
determined, while external factors (including the influence of physical activity)
have a significant impact along with the improvement of the function of the muscu-
loskeletal system [4]. According to Prof. Wiktor Dega, a postural defect is a set of
postural errors defined as a small single deviation from normal posture that can be
corrected with appropriate passive and active exercises [6].

Data from the Center for Health Information Systems shows that spinal deformi-
ties were diagnosed in 17.14% of children and adolescents aged 0—18 and in 9.7%
of those aged 2-9. Changes in skeletal elements directly related to the spine (thorax,
pelvis) and disorders of the upper and lower extremities account for 45-55% of all
postural defects [2, 6].

Factors that contribute to postural defects include: poorly chosen learning
positions, inappropriate positions during rest, genetic diseases, bad dietary
habits leading to overweight and obesity, overtiredness, vision and hearing
defects, and low levels of physical activity [6, 7]. Overweight parameters are as
follows: for females, body mass index (BMI) 25-30 and for males, BMI 26-30.
Obesity parameters are as follows: class [—BMI 30-35; class II—BMI 35-40;
class III—BMI > 40. According to the World Health Organization (WHO), in
2016, 50 million girls and 74 million boys around the globe were registered as
being obese [8]. In Germany approx. 1.9 million children and adolescents are
overweight, and among these 800,000 are obese. In the USA the number increased
from around 5% in the 60 s/70 s to 17% in 2003/04. In Europe approx. Five per-
cent of the children aged 5-17 year are concerned [9]. Pubertal gender dichotomy
of girls accumulating fat vs. boys losing fat and growing muscles and height illus-
trates an obesity-related aspect of gender differential adaptation to scarcity and
women’s advantage [10]. Posture can also be affected by age, gender, race,
somatic structure of joints, bones and muscles, mental state, including stress, and
sports practiced [11, 12]. Nowadays, the increasing prevalence of postural defects
seems to be most influenced by low levels of physical activity and the rising rates
of overweight and obesity observed in the population of preschool and school-
aged children. This is primarily due to a sedentary lifestyle associated with low
physical activity and a tendency to spend leisure time in front of the computer or
television. Undoubtedly, the occurrence of postural defects is related to the life-
style. Lifestyle is a term to describe the way individuals, family circles, and soci-
eties live and which behavior they manifest in coping with their physical,
psychological, social, and economic environments on a day-to-day basis. Lifestyle
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is expressed by daily work and leisure profiles, including activities, attitudes,
interests, opinions, values, and allocation of income. From a psychological point
of view lifestyle derives from people’s self-image or self-concept (the way they
see themselves and believe they are seen by the others), including self-esteem and
self-efficacy [13]. Overall results reported in 2008 by the National Institute of
Public Health indicate that physical activity in Poles is too low, and activity in
children and adolescents is declining in older age groups [14]. Table 1 illustrates
the characteristics of normal posture and faulty posture. Abnormal posture in
childhood carries consequences in adulthood, such as reduced cardiorespiratory
and lung capacity, pain in the spine and related structures, and displacement of
internal organs [15].

Postural defects are any deviation from normal posture. They are fixed changes
in the skeletal apparatus that cause various types of dysfunction. Tadeusz Kasperczyk
says that postural defects are deviations from the generally accepted characteristics
of normal posture, appropriate for a given age group, gender or physique. Postural
defects are various types of deformities in the organs of locomotion, such as chest
defects, back defects or defects of the lower extremities [7]. The most common
posture defects in children and adolescents are as follows:

* Round back is characterized by excessive backward curvature of the spine.
This defect is located in the thoracic region, it is known as hyperkyphosis or
deepened thoracic kyphosis. In the round back, the muscles of the back are
weakened and stretched: rhomboid, trapezius, neck muscles and extensors of
the back, the dysfunction of which causes the torso to tilt forward, spread the
shoulder blades, and put the shoulders forward. The muscles that are strained
and excessively contracted are: the muscles of the thorax, the serratus and
intercostal muscles.

* Concave back is characterized by a deepening of the lumbar lordosis, an increase
in the anterior tilt of the pelvis, a protruding abdomen and a protrusion of the
buttocks. In the concave back, the muscles that are excessively stretched and
contracted are the straight thigh muscle, the iliac-lumbar muscle, the quadratus

Table 1 Characteristics of normal posture and faulty posture [7]

Normal posture Faulty posture (acc. to Kasperczyk)
e Straight head alignment, * Head protruded forward or to the
* The spine is physiologically curved in the sagittal side,
plane, and straight in the frontal plane, ¢ Chest flat, sunken or distorted,
e Arched chest, which is the most forward part of e Shoulders protruded forward,
the body, * Abdomen protuberant, protruding
* The pelvis is supported by the heads of the forward or flabby, sagging,
femurs, ¢ Back raked, rounded, and the
* The lower limbs are straight, and the feet are pelvis has too much inclination,
properly arched * Feet flat
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lumborum muscle, and the lumbar extensor muscle of the back. Excessively
stretched muscles are: gluteal muscles, ischiofemoral muscles, abdominal
muscles.

e Concave-round back is a postural defect in which both round and concave
back symptoms are present. The characteristic features of this defect are
increased lumbar lordosis and deepened thoracic kyphosis. In a child with a
concave back, the head is forward, not projecting onto the sternum, the chest
is flattened, the shoulders are protruded, the shoulder blades are outstretched
and protruding from the chest, the abdomen is flabby, the buttocks are
accentuated.

e Flat back is a postural defect characterized by a flattening of both physiological
curvatures of the spine. The reduction of physiological curvatures reduces the
strength of the spine, whose normal shape—with retained curvatures—has 17
times greater strength. Untreated flat back can lead to scoliosis and inversion of
the physiological curvatures.

* Scoliosis, known as lateral curvature of the spine, is a postural defect involving a
multiplanar deviation of the spinal line from normal. This deviation occurs in
the planes:

— Frontal—the spine bends to the side, right or left,

— Sagittal—lordotic and kyphotic bending deepens,

— Transverse—there is rotation of the vertebrae, which leads to the formation
of a hump.

e Funnel chest is characterized by a collapse of the sternum in the region of the
xiphoid process. Here the chest is flat and flattened, the abdominal and back
muscles are weakened, causing the shoulders to protrude.

* Pigeon chest is characterized by the fact that the sternum along with the adjacent
parts of the ribs protrude significantly forward, while the distal parts of the ribs
are collapsed at the sides. This defect is caused by disorders of the ossification
processes.

e Cross-knees, this defect is characterized by an X-shaped medial alignment of
the knees. The axis of the lower leg forms an outward open angle with the axis
of the thigh. The peripheral segment, which is the shank, is located in abduction.
We speak of cross-knees when the distance between the medial ankles exceeds
4-5 cm when the knees are compact and straightened.

* Bow-legs, are characterized by an inward twisting of the limb. Bow knees are
diagnosed when the distance between the knees is greater than 4-5 cm (the
legs take the shape of the letter “O”) with the feet together. The most com-
mon cause of this defect is rickets caused by vitamin D3 deficiency, over-
weight children, and adolescents and prolonged sitting in a cross-legged
position [7].

In Fig. 1 the relationship between risk factors, assessment of body posture, and
the consequences of untreated disorders is shown.
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Fig. 1 Risk factors, assessment of body posture, and consequences in adulthood

Being aware of the above-mentioned problems and the predictive and preventive
potential of the PPPM attitude toward the health of children, the aim of this study
was to assess posture in boys and girls aged 5—6 years attending kindergartens in the
city of Jawor, Poland as an example of the potential mentioned.

2 Study Group and Research Methods

The tests were conducted as part of the preventive posture testing program imple-
mented by the Jawor District Clinic. The tests were aimed at children aged 5-6 who
attend kindergarten in the Jawor municipality. Children from four public kindergar-
tens and one non-public kindergarten were assessed. The study lasted from October
2018 to January 2019. Written consent from a parent or legal guardian was obtained
for each child’s participation in the study. Each parent or guardian of a child partici-
pating in the study received an examination card describing the child’s posture and
recommendations for further management, in case of the presence of a postural defect.

2.1 Study Group

The study group consisted of 281 children aged 56 years. 119 (42.35%) children
were 5 years old and 162 (57.65%) were 6 years old. The majority of the study group
were boys 144 (51.25%). The characteristics of the study group are given in Table 2.
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Table 2 Characteristics of the study group

Age Boy N (%) Girl N (%) Total N (%)
5 years 66 (23.49%) 53 (18.86%) 119 (42.35%)
6 years 78 (27.76%) 84 (29.89%) 162 (57.65%)
Total 144 (51.25%) 137 (48.75%) 281 (100%)

2.2 Study Methods

Assessment of the subjects’ posture was carried out using the viewing method
according to the table of postural defects based on modified criteria of Wiktor Dega
(see Table 3) [16, 17]. In each child, in a lateral position, the following were
observed: the position of the head and neck, shoulders and shoulder blades, the
formation of the curvatures of the spine—the course of lordosis and kyphosis, the
shape of the abdomen and legs. When examining the posture from the front and
back, attention was paid to the alignment of the head and neck, shoulders and shoul-
der blades, the vaulting of the rib cage, the course of the line of the spinous pro-
cesses of the spine, the triangle of the waist, the anterior superior iliac spines, the
knees (crossed, bowed), the structure of the foot (foot: flat, valgus, inflexed). During
the examination of the course of the spinal line, the child—standing with his or her
back to the examiner—was instructed to perform a loose forward bend of the trunk
(feet slightly apart, head and upper limbs loose). The examiner, by running the
index and middle finger along the spinous processes of the spine, was able to deter-
mine (after the child returned to an upright position) whether the child had a scoli-
otic posture or not. List of postural defects based on Wiktor Dega’s criteria:

e Head.
¢ Shoulders.
* Pigeon chest.
¢ Funnel chest.
e Hyperkiphosis.
* Scoliotic posture.
¢ Scoliosis.
» Hyperlordosis.
e Pelvis.
¢ Abdomen.
¢ Flat back.
¢ Cross-knee.
* Bow-legs.
¢ Flat foot.
* Valgus foot.
¢ Contractures:
— Shoulder joint.
— Hip joint.
— Knee joint [11, 12].
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Table 3 Assessment of the severity of postural defects in the children studied

Grouping variable ‘ No defect N (%) ‘ Slight defect N (%) \ Severe defect N (%)

Age

5 years 79 (28.11%) 38 (13.52%) 2(0.71%)
6 years 107 (38.08%) 54 (19.22%) 1 (0.36%)
Gender

Boy 84 (29.89%) 58 (20.64%) 2(0.71%)
Girl 102 (36.30%) 34 (12.10%) 1 (0.36%)
Study population

Total | 186 (66.19%) 192 (32.74%) 13(1.07%)

In addition, the children examined were classified into one of the three groups
based on the severity of the postural defect. These groups included children without
a defect, children with a mild defect that is subject to correction with corrective
gymnastics and other physiotherapeutic measures, and subjects with a severe pos-
tural defect in whom surgical intervention to correct the defect should be considered.

23 Statistical Analysis

The obtained results of the study were subjected to statistical analysis using
Statistical version 13.1 software. Normality of distribution of the studied variables
was assessed using the Shapiro-Wilk test (p = 0.50), and homogeneity of variance
was assessed using the Levene’s test (p = 0.00). The Student’s t-test for independent
variables was used to evaluate differences in the incidence of postural defects by age
and gender. Spearman’s rank order correlation was used to evaluate the relationship
between the incidence of postural defects and age and gender. The p-values were
considered statistically significant for p < 0.05.

3 Results

No postural defect was found in 186 (66.19%) of the children studied. A slight
defect was found in 92 (32.74%) children, and a severe defect was found in 3
(1.07%) subjects (see Table 3). The most common postural defects in the study
group were asymmetry and forward tilt of the shoulders in 30 (10.68%) children,
flat feet in 16 (5.69%) subjects, lower limb shortening in 11 (3.91%), and scoliosis
in 14 (4.98%). It should be noted that the above-mentioned postural errors were
often observed simultaneously in a single child, further increasing the prevalence.
Lower limb shortening and shoulder girdle asymmetry co-occurred in 2 (0.71%)
subjects, scoliosis and shoulder girdle asymmetry were observed in 13 (4.63%)
children, and flat feet and shoulder girdle asymmetry were observed in 4 (1.42%)
subjects (see Table 4). Statistical analyses conducted indicate differences between
the prevalence of postural defects and gender (p = 0.00), while no such relationship
was shown for age (p = 0.30). The majority of girls were characterized by normal
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Table 4 Prevalence of postural defects in the children studied

Gender Age Total
5 years 6 years population
Postural defects Boy N (%) | Girl N (%) | N (%) N (%) N (%)
Normal posture 84 102 79 107 186 (66.19%)
(29.89%) | (36.30%) |(28.11%) |(38.08%)
Scoliosis 8 6 (2.14%) |7(2.49%) |7 (2.49%) |14 (4.98%)
(2.85%)
Asymmetry and 16 14 14 16 30 (10.68%)
anteflexion of the (5.69%) | (4.98%) (4.98%) (5.69%)
shoulders
Shortening of the lower 8 3(1.07%) |6(2.14%) |5(1.78%) |11 (3.91%)
limb (2.85%)
Asymmetry of the head 1 0 (0%) 0 (0%) 1(0.36%) | 1(0.36%)
(0.36%)

Lower limb shortening and | 0 (0%) 2(0.71%) |0 (0%) 2(0.71%) |2(0.71%)
shoulder girdle asymmetry

Scoliosis and shoulder 8 5(1.78%) | 6(2.14%) | 7(249%) |13 (4.63%)

girdle asymmetry (2.85%)

Flat feet and shoulder 4 0 (0%) 1(0.36%) |3(1.07%) |4 (1.42%)

girdle asymmetry (1.42%)

Pigeon/funnel chest 2 0 (0%) 0 (0%) 2 (0.71%) |2 (0.71%)
(0.71%)

Flat feet 11 5(1.78%) | 6(2.14%) |10 16 (5.69%)
(3.91%) (3.56%)

Hyperlordosis 1 0 (0%) 0 (0%) 1(0.36%) | 1(0.36%)
(0.36%)

Cross-knee 1 0 (0%) 0 (0%) 1(0.36%) |1(0.36%)
(0.36%)

posture, while boys were more likely to have postural defects, the differences were
statistically significant (p < 0.05).

4 Discussion

4.1 The Occurrence of Postural Defects and Correct Posture
in Children

The growing number of postural defects is a significant social problem [18].
However, in the study presented here, the majority of the study population had nor-
mal posture. It should be borne in mind that the preschool age is characterized by a
large inter-individual variation. This is not only due to the different rates of the
development of basic somatic characteristics, but also to the variation in body struc-
ture and posture [16]. Similar results were obtained by Wilczynski [14], in whose
study there was also a preponderance of children with normal posture, with 71.0%
of the subjects, 15.0% of the subjects had concave backs, and 13.0% had flat backs.
Also in the study by Drzat-Grabiec et al. [9] children with normal posture
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predominated, a small percentage of faulty postures (7%) was found, and no poor
postures were found. Different results were observed in a pilot study conducted by
Janiszewska et al. [4] where the presence of postural defects was found in as many
as 93.2% of the children studied. Specific postural abnormalities of the studied pop-
ulation of children occur with similar frequency in both girls and boys. The most
common postural abnormalities include: foot defects (78.4%), thoracic and lumbar
scoliosis—combined (73.9%) and malaligned shoulder blades (59.5%).

4.2 Type and Frequency of Posture Defects

In the present study, the most common postural defects were asymmetry and ante-
flexion of the shoulder girdle, scoliosis, flat feet, and lower limb shortness. A similar
study was conducted by Andrzejewska and Grabarczyk [19], whose goal was to
demonstrate postural abnormalities in children from Wroclaw.

The authors obtained the following results: Among the analyzed postural abnor-
malities of children, trace scoliosis occurred in boys in an average of 36%, typical
scoliosis in 3% at the age of 7—15 years. In girls, trace scoliosis and typical scoliosis
were revealed in a similar percentage as in boys—37% and 3%, respectively.
Shoulder asymmetry was the most common of all the postural defects analyzed,
averaging 55% in boys, with more than 70% in subjects aged 8 and 15. In girls, the
asymmetry averaged 56%, with the highest number of subjects with shoulder asym-
metry (about 70%) registered among 7- and 14-year-old children. Among abnor-
malities in knee alignment, cross-knees were observed primarily among both boys
and girls. In the evaluation of foot arches, flattening of the feet was found to be the
most common defect. More than 35% of boys aged 9 and 11 and girls aged 8 and 10
had this defect. Flat feet were found less frequently, with the exception of 7-year-old
boys (40%). There were also defects in the arches of only one of the feet. In a study
by Macialczyk-Paprocki et al. [16] the most common abnormalities in the table of
errors according to W. Dega concerned the foot (48.2%) and shoulders (37.2%).

The most common abnormalities were flat feet and plano valgus, as well as
shoulder malalignment, which occurred significantly more often in boys, compared
to girls. Cross-knees were more common in boys than in girls; the differences were
not statistically significant. Bow-knees were observed in only about 3% of boys;
this defect did not occur in girls. Scoliotic posture was detected in 24.7% of boys
and in 20.8% of girls.

4.3 Relationship Between Posture Defects and Overweight
and Obesity

The purpose of the study by Wilczynski et al. [20] was to evaluate the relationship
between the anteroposterior shape of spinal curvatures and body composition in
school-aged children. The study included 257 children aged 11-12 years. Normal
spinal curvatures were present in 106 (41.08%) subjects. The other types of
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abnormalities were: decreased kyphosis and normal lordosis—40 subjects (15.50%),
normal kyphosis and decreased lordosis—24 subjects (9.30%), increased kyphosis
and normal lordosis, 17 subjects (6.59%), normal kyphosis and increased lordosis,
22 people (8.53%), decreased kyphosis and decreased lordosis, 32 patients (12.40%),
decreased kyphosis and increased lordosis, 4 people (1.55%), increased kyphosis
and increased lordosis, 13 participants (5.04%).

Another study by Maciatczyk-Paprocki et al. in 2017 [21] assessed the epide-
miological prevalence of abnormal posture in overweight and obese children and
adolescents residing in Poznan (Poland). The study population consisted of a repre-
sentative group of children and adolescents aged 3—-18 years randomly selected
from dozens of kindergartens (3—6 years), elementary schools (7-12 years), and
middle and high schools (13-18) in Poznan. The duration of the study was 2 years.
In the entire study population (2732 subjects), postural defects were found in 67.9%
of the subjects (918 boys and 938 girls). In obese children, the prevalence of pos-
tural defects was significantly higher than among normal-weight children (p = 0.001)
and overweight children (p = 0.0046). Among girls and boys with excessive body
weight (overweight and obese), the percentage of postural defects was highest in the
group of children 7-12 years old. Despite the fact that girls with excessive body
weight aged 7-12 as well as 13—18 had a higher number of postural defects than
boys, the difference was not statistically significant (p > 0.05). The prevalence of
abnormal posture in all obese boys was found to be 1.5 times higher than among
normal-weight boys, but the difference was not statistically significant. In obese
girls, the prevalence rate of postural abnormalities was twice that of the normal-
weight group, and this difference was found to be significant (p = 0.004). In children
aged 3-6 years, obesity and overweight do not increase the likelihood of postural
defects In the group of students aged 7—12 years, the likelihood of postural defects
was significantly higher in obese than in normal-weight students, both in boys
(p =0.042) and in girls (p = 0.007). Only overweight boys aged 13—18 had a signifi-
cantly lower number of foot defects than their normal-weight peers (p = 0.021).

4.4 Foot Defects in Children

Foot defects are a common phenomenon especially in children and are a serious
medical and social problem. Feet, more than other parts of the musculoskeletal sys-
tem, are exposed to adverse effects of the external environment. The most important
moment of foot formation is the preschool period [22]. In the present study, flat feet
were present in 16 (5.69%) of the children studied, but more often in boys, i.e., in
11 cases (3.91%). The study conducted by Klimczak et al. [18] shows that among
the children studied, 48% had normal feet, 25% had flat feet, and 28% had hollow
feet in relation to the plantocontourogram with patterned foot types. Rykata et al.
[23] observed that in loading the feet with their own body weight, as the children
grew older they were characterized by worse transverse arches, while better longi-
tudinal arches of the feet. In a study by Skowron et al. [24], 30% of children had a
properly arched foot, 30% had a flattened foot, and 40% had a flat foot.
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It should be emphasized that in recent years most studies on the assessment of
body posture in children have been conducted by senders from Poland. This situa-
tion is evident in the research results cited above.

5 Conclusion and Recommendations

On the basis of our study we conclude and recommend for the practical application
of PPPM principles the following:

1. Normal posture was present in 186 (66.19% ), and postural defects were found
in 95 (33.81%) of the children studied.

2. The most common postural defects were asymmetry and anteflexion of the
shoulder girdle, scoliosis, flat feet, and lower limb shortening.

3. Postural defects were more common in boys, while normal posture was more
common in girls.

4. The age of the children studied did not affect the prevalence of postural defects.

5. Preventive screening of posture in children and adolescents should become
a routine procedure for assessing a child’s health, at each stage of devel-
opment, which will help to avoid serious health consequences in
the future.

6. The use of visual assessment of children’s posture is a simple and effective
method of capturing postural abnormalities and referring the child for fur-
ther diagnosis and treatment.

7. The criteria for correct posture cannot be constant and unambiguous for every-
one; on the contrary, they should undergo changes depending on the child’s
developmental period. In this assessment, factors such as constitutional type,
sports disciplines, and forms of recreation cannot be ignored.
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