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ASSESSMENT OF THE EFFECTS
OF BODY POSTURE CORRECTION IN THE SAGITTAL
PLANE IN RURAL GIRLS AGED
7-12 WITH I° SCOLIOSIS

Abstract

Postural defects of children and youth constitute a serious social problem. It indicates
the need for taking up efficient diagnostic and rehabilitation activities with regard to all
children and youth in Poland with a particular focus on children from small towns and
rural areas. The aim of the work was to assess the efficiency of corrective exercises done
by girls with I° scoliosis and concurrent spinal defects in the sagittal plane. Additionally,
an attempt was made to assess whether the level of anterior-posterior curvatures of the
spine determines the quality of the body posture and whether there exists a relation be-
tween selected morphological features and the body posture of the examined girls. Two
tests carried out 10 months apart included a group of 22 girls with spinal defects in the
sagittal plane aged 7 to 12. Girls lived in the rural area of Zywiec commune. They par-
ticipated in the authors' programme of corrective exercises conducted in the Specialist
Centre for Postural Defects Correction Orto-Med in Zywiec. The levels of anterior-
posterior curvatures of the spine were measured with the use of photogrammetric
method. The types of body posture were defined on the basis of Wolanski's silhouette
method modified by Zeyland-Malawka. The quantitative and percentage distribution of
body posture types was calculated before and after the applied correction. In order to
assess the dependencies between the level of anterior-posterior curvatures of the spine
and the quality of the body posture, a non-parametric Chi? (y?) test was used. To assess the
relations of body posture with morphological features, Pearson's linear correlation was
used. A beneficial influence of the applied corrective exercises on the shape of the ante-
rior-posterior curvatures of the spine of the examined girls was noted. A body mass and
height correlate with the body posture of the examined girls. A 10-month programme
of corrective exercises improves the shape of anterior-posterior curvatures of the spine
and the posture of girls aged 7-12 with 1° scoliosis. The shape of the curvatures of the
spine determines the quality of the body posture of the examined girls.
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Introduction

Abody posture is an individual way of a human to hold a standing position or a casual
body position influenced by morphological and functional factors. One of the most
significant features of a body posture is its changeability occurring during phylo- and
ontogenesis. These changes, especially during ontogenesis, influence the quality of the
posture and represent the specificity of the body statics in successive development
periods.

Postural defects of children and youth constitute a significant social problem. Their
frequency of occurrence is to a large extent influenced by the civilisation progress which
limits the natural need for physical activity. A sedentary lifestyle contributes to a faster
decrease in joint mobility than it is assumed in the evolutionary process of the aging of
the body. A sedentary position is usually connected with inclining the head and trunk
forward, which brings about the pressure on abdominal organs, difficulties with digestive
system functioning as well as immobilising and flattening the chest. The lack of physical
activity improper hygienic habits and bad living conditions are only a few factors which,
when interrelated, may threaten the proper development of children and youth.

In the literature regarding the issue of body posture assessment numerous evaluation
methods are recommended. Their number and variety prove that no ideal method has
been found so far. The most common methods include Kasperczyk's point method [6],
inclinometric method [7, 12, 19] and photogrammetric method [9].

In numerous cases the major criterion taken into consideration while assessing body
posture of children and youth is the frequency of occurrence of postural defects.
Numbers and assessments of the scale of this phenomenon provided by various authors
range from 36% to 76% [5, 8, 11, 15, 17, 18]. Research shows that changes in the
musculoskeletal system more frequently regard urban children between 6 and 14 years of
age and 18-year-old rural youth [3]. Deviations from the features of a proper posture
occurring in the period of development flexibility which are not compensated in the
developmental period may lead to the musculoskeletal system failure and to the systemic
failure, which in further periods of ontogenesis may exert a negative influence on the
state of health, well-being, and as a consequence, on the quality and length of life. All this
indicates the need for taking up efficient diagnostic and rehabilitation activities with
regard to all children and youth in Poland with a particular focus on children from small
towns and rural areas. It means promoting widespread screening diagnostics in an early
detection of irregularities in body posture as well as increasing accessibility to treatment
and rehabilitation for children and youth requiring specialist medical care.

The aim of the work was to assess the efficiency of corrective exercises done by girls
with I° scoliosis and concurrent spinal defects in the sagittal plane. Additionally, an
attempt was made to assess whether the level of anterior-posterior curvatures of the spine
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determines the quality of the body posture and whether there exists a relation between
selected morphological features and the body posture. The following research questions
have been formulated:
1. Do the applied corrective exercises improve the body posture of girls with spinal
defects in the sagittal plane?
2. Does the level of anterior-posterior curvatures of the spine determine the quality
of'the body posture of the girls?
3. Are there any relations between body mass, body height, BMI and the body pos-
ture of the girls?

Material and methods

Two tests carried out 10 months apart (September 2009 — June 2010) included
a group of 22 girls aged 7 to 12 with I° scoliosis and concurring spinal defects in the
sagittal plane. The mean age in the examined group was ¥ = 9.54+2.1 years. The girls
lived in the rural area of Zywiec commune. They participated in the authors' programme
of corrective exercises conducted in the Specialist Centre for Postural Defects Correction
Orto-Med in Zywiec. Children participating in the research manifested average physi-
cal activity and did not attend any extra-curricular sports and recreation activities.
The children's parents were informed about the aim of the research and signed a written
consent. On the grounds of a specialist medical diagnosis the cases of I° scoliosis were
noted in the examined group. A functional assessment of the musculoskeletal system was
performed and the anterior-posterior curvatures of the spine were measured. After
detailed assessment of the body posture each person was provided with a set of exercises
depending on the type of the curvature and the concurring spinal defect in the sagittal
plane. The girls attended 45-minute correction classes regularly twice a week in the
period of 10 months.

Examples of special exercises used in the individual programmes:

- an exercise with the use of Asymmetric Set of Rehabilitation Blocks (ASRB) with
a kyphotic addition: A patient kneels supporting the trunk on the support piece with
a kyphotic addition and grabs weighted lines with both upper limbs. Course of the
exercise: A patient pulls lines while simultaneously stretching upper limbs alternately
depending on the type and direction of the curvature of the spine. A precise exercise
affects the peak of the curvature through properly selected arm positioning. Number of
repetitions - 5, the duration of each exercise —30 seconds (fig. 1).

- an asymmetric exercise of the lumbar segment in the kyphotic position: A patient
supports the trunk with the device in such a way that the pelvis is set on its edge. The
course of the exercise: A patient raises and supports lower limbs with a slight movement
to the sides on a gymnastic ladder in the direction of a lumbar curvature arch. Number of
repetitions: 10, with 20-second holds. The selection of an asymmetric initial position and
the course of the exercise depends on the type and direction of the curvature of the spine,
rotation and concurring defects in the sagittal plane (fig. 2).
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- an exercise strengthening abdominal muscles: performed with the back to the wall
bars supporting forearms on the apparatus. The course of the exercise: A patient raises
lower limbs bent in knees and hip joints upwards and rotates them to the right and left
with a hold, and then comes back to the initial position. Number of repetitions — 30, the
duration of each exercise - 5 seconds (fig. 3).

- a corrective-kyphotic exercise in Scoliosis De-rotator and Corrector (SDC): A pa-
tient kneels with front support in an apparatus with the stabilisation of shoulder and
pelvic girdle. Corrective-redressing heads are placed on arch peaks depending on the
course of the curvature. The course of the exercise: a patient takes a deep breath and
makes amovement called a “cat stretch”. At the peak of the bend the air is exhaled and the
position is held for about 8 seconds and then the patient comes back to the initial position
(fig. 4).

- an elongating exercise with the use of an “elongator with a kneeling chair”: A pa-
tient sits on a special kneeling chair that enables her to assume a proper position of pelvis.
The top of the head touches the extension arm with a mobile knob. The patient pushes the
knob of the extension with her head upwards holding the maximum elongation position.
The apparatus informs about the improper course of the exercise with a signal, which
makes it possible to correct the position. The number of repetitions - 15-20, with 15-to
20-second holds of the maximum elongation position (fig. 5).

Figure 1. An exercise with the use of Asymmetric Set of Rehabilitation Blocks (ASRB)
with a kyphotic addition [16]
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Figure 2. An asymmetric exercise of the lumbar segment in the kyphotic position [16]

Figure 3. An exercise strengthening abdominal muscles [16]
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Figure 4. A corrective-kyphotic exercise in Scoliosis De-rotator
and Corrector (SDC) [16]

Figure 5. An elongating exercise with the use of an elongator
with a kneeling chair [16]
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The following morphological features were measured:
1. Body mass —using a doctor's scales with an accuracy of 0.5 kg.
2. Body height — using an anthropometer, with Martin's technique with an accuracy
of 0.1 cm.
On the basis of the measurements of body mass and body height, BMI (Body Mass
Index) was calculated according to the following formula:

_ body mass [ke]
body height” [m ]

Basic descriptive statistics of the examined morphological features are included in
table L.

BMI

Table 1. Basic descriptive statistics of selected morphological features
of the examined girls

Feature min - max X s A%
Body mass 20.3-45.9 32.5 8.8 27.1
Body height 121.0-163.0 142.3 14.7 10.3
BMI 13.20-17.88 15.67 1.36 8.68

The measurements of anterior-posterior curvatures of the spine were made with the
use of a set for diagnosing postural defects with photogrammetric method designed and
built by the employees of Warsaw University of Technology [9].

The measuring station for body posture examination included:

- measuring device (with a built-in video camera),

- digital camera,

- computer-electronic system,

- software (fig. 6).

Figure 6. A measuring station for body posture examination [13]
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A computer system for body posture examination with a projection moiré technique
includes the software which makes it possible to measure and analyse the registered object.
On the basis of the suggested parameters the type of posture may be defined and the existing
defects may be observed. With regard to the fact that the spine and its position is the axis of the
whole body, and the fact that its shape exerts a significant influence on the body posture, the
software makes it possible to define various parameters connected with the level, length and
angle that provide information concerning the spatial shape of the back, the whole spine and
its particular segments (fig. 7).
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apex of thoracic the depth g ~ ﬁg%fa%ggunk TKL
kyphosis of thoracic kyphosis TLs |RLTK
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sacral bone SB 8 8 4 s !
TLS total length of the spine

TKL
RLTK
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thoracic kyphosis length

real length of thoracic kyphosis
lumbar lordosis length

real length of lumbar lordosis

Figure 7. Selected parameters set in the sagittal plane [13]

The quality of the body posture in the sagittal plane was assessed on the basis of the
angles of anterior-posterior curvatures of the spine, where the sum of angles B and y was
deducted from the sum of angles a and p and the compensation index p= (o angle +  angle)—
(B angle +vy angle) was calculated (fig. 8).
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Figure 8. Angles of anterior-posterior curvatures of the spine [21]
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On the basis of Wolanski's criterion modified by Zeyland-Malawka, three types of
posture were defined, i.e. kyphotic, balanced and lordotic posture. Within each type three
sub-types were distinguished. The typology is as follows:

1. Kyphotic types: ifu>4°: y=p+g

KI-y<28% KII-29°<y<31°% KII—y>32°
2.Balanced types: if (-3°)<p<3% o= a+p+g
BI-0<32°% BI1-33°<c<41° BIIl-6>42°

3. Lordotic types: ifu<(-4): A=a+f

LI-A<24°% LII-25°<A<29°% LII-A>30°

Afterwards, body posture types wwere classified into:

- proper postures — kyphotic type K1, balanced types B, BII, lordotic type LI,

- improper postures — kyphotic types KII, KIII, lordotic types LII, LIII, balanced type

BIII [20].

In order to analyse the gathered material, the quantitative and percentage distribution
of body posture types was calculated before and after the applied correction. In order to
assess dependencies between the level of anterior-posterior curvatures of the spine and
the quality of the body posture, a non-parametric Chi? (y?) test was used. For the eval-
uation of the relations between body posture and selected morphological features
Pearson's linear correlation was applied.

Results

The primary aim of the work was to assess the efficiency of the correction of spinal
defects in the sagittal plane in the examined girls. In the analysis of results a quantitative
and percentage distribution of the types and categories of body posture types before
and after the applied correction was presented. The results indicate that in the first test
the most common type was an improper lordotic type since it was noted in 10 girls.
An improper balanced type was observed in 4 girls and an improper kyphotic type in 3
girls. In the second test no improper kyphotic type was noted, whereas a proper kyphotic
type was observed in 3 girls. Moreover, the number of girls with an improper lordotic
type decreased to 7. Nonetheless, the number of subjects with an improper balanced type
did not change. Taking everything into consideration, the biggest improvement was
observed among girls with a kyphotic and lordotic posture. In total, in the second test
improper anterior-posterior curvatures of the spine were noted in 12 girls (tab. 11, fig. 9).
These results indicate that after a 10-month correction procedure the number of people
with improper anterior-posterior curvatures of the spine decreased, while the number of
people with proper anterior-posterior curvatures increased, which proves a positive
influence of the applied correction programme on the quality of the body posture of the
examined girls (table 1, fig. 9).
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Table 2. The efficiency of the spinal deformity correction in the sagittal plane

Body Kyphotic Lordotic Balanced Total
posture
type| exam.I | exam. Il | exam.I | exam.II | exam.I | exam.Il | exam.I | exam.II
Body
posture nf{%|n|%|[n|%| n|[%]|n|% nf(%| n| %[ nj| %
category
Proper 0 100] 3 [13.6] 0 |0.0| 3 [13.6] 5 [22.7| 5 |22.7] 5 [22.7] 10 |455
Improper [ 3 |13.6] 0 [ 0.0 10 |454[ 7 |31.8 18.2] 4 182 17 |77.3| 12 [54.5
Total 3 |13.6] 3 [13.6] 10 |45.5( 10 [45.5] 9 [40.9| 9 |40.9| 22 [ 100| 22 | 100
18 i
16
[
E 14 ~ ®
s 12 "
7] 10_
5 5 z
S s 5 5 5
E 4+ 3 3 3
=z oy
0 T T — T T
[ ] [ ] [ BT [ ]
1 2 3 4

Type of the body posture

Figure 9. The effectiveness of the correction of spinal deformity in the sagittal plane:
1) kyphotic type, 2) lordotic type, 3) balanced type

The next aim of the analysis was to verify the thesis that the shape of the anterior-
posterior curvatures of the spine conditions the quality of the body posture. Therefore,
types of body posture were divided into kyphotic, lordotic and balanced types and each of
them was assigned with two categories of posture, i.e. a proper and improper type, which
were created on the basis of stemplots. In order to look for dependencies, a non-
parametric ¥* (stem and leaf diagrams) test was applied. A statistical critical value for
V=2 (degrees of freedom) of all coefficients is y'=9.488; p<0.05. It was assumed that an
increase or a decrease in physiological curvatures of the spine in the sagittal plane is
connected with an improper body posture of the examined girls. A calculated coefficient
of correlation (y’) between the shape of anterior-posterior curvatures of the spine and the
quality of the body posture of the girls showed statistical significance at the level of
p<0.05; y’= 7.244 (table III). The research showed that the deepening or flattening of
thoracic kyphosis and lumbar lordosis determines an improper body posture of girls. The
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authors' own research indirectly confirms the usefulness of Wolanski's silhouette method
modified by Zeyland-Malawka concerning a detailed and reliable assessment of the
quality of the body posture of children and youth (table I1I).

Table 3. Correlation between a body posture type and its quality

Body
Postture Kyphotic Lordetic Balanced Total
ype
Body
posture n
category
Proper 0 0 5 5
Improper 3 10 4 17
Total 3 10 9 22
b 7.244

Table 4. Coefficients of Pearson's linear correlation between morphological features
and a body posture of the girls

Feature Body posture
r
Body mass - 0.658***
Body height - 0.453*
BMI -0.022

Discussion

In the research on body posture various research methods were applied. Therefore,
research results published by various authors are difficult to compare. Regardless of the
application of various research methods, huge discrepancies of results are brought about
by the environmental conditions, selection of the examined groups and period of ob-
servation. In the research on 302 children aged 8-13 carried out with the use of photo-
grammetric method Grabara [4] observed that the most frequently occurring types in
girls were type BIII and LIII. Drzal-Grabiec et al. [2] in their research on 159 children
from the years I-1II of primary school carried out with the use of photogrammetric
method concluded that a dominating type of body posture was a lordotic type (47%),
while a kyphotic type occurred less frequently (39%) and a balanced type was the least
common (15). Also, Wojna et al. [20] observed that in the group of children aged 6-7
a dominating type of body posture is a lordotic type. Proper subtypes occurred more
frequently among older children, while improper subtypes among younger children.
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Pretkiewicz-Abacjew [11] analysed the shape of the curvatures of the spine in the sagittal
plane and the angle of pelvis anteversion on the basis of the research conducted with the
use of peg apparatus and Wiles' calliper. Types of body posture were defined according
to Wolanski's method. In the pubertal period the occurrence of body posture defects in the
sagittal plane is more common than before this period. In the case of the angle of the
lumbar lordosis curvature in girls before the period of puberty, the most commonly
represented angles included small angles of the spine inclination in the thoracic-lumbar
segment. Over half of the girls in the puberty period had big inclination angles of the
lumbar-sacral segment. Balanced and kyphotic postures occurred frequently in the girls
in this period. The author highlights the fact that the change of morphological conditions
occurring in the period of puberty disturbs the feeling and habit of good posture and,
therefore, body posture in this period requires special care from doctors, parents and PE
teachers who should make sure that the posture deterioration which occurs in this period
isnot consolidated [11].

Experts in the field of scoliosis claim that flat back or deep lordosis are an initial point
or a predisposing factor for the occurrence of idiopathic scoliosis. In the physiological
anterior-posterior curvatures the body mass rests on relatively big surfaces of vertebral
bodies which are protected by intervertebral discs. The flattening of the back makes the
spine labile and there occurs a huge likelihood that flexibility and endurance which an
anteflexed posture lacks in will be compensated by its lateral inclination [10]. An im-
proper position of vertebrae favours an uneven growth of vertebral bodies and a pro-
gressing deformity of intervertebral discs whose accelerated growth is observed on the
convex side of the curvature [1, 14]. It is worth highlighting that scoliosis in the initial
stages of ontogenesis occurs in boys and girls in relation 1:1, while in the further stages of
development this proportion changes for the benefit of boys and equals 1:7 [10]. This
may be brought about by the fact that pelvic anteversion is in general observed more
often in girls. This can lead to a deepened lumbar lordosis, and as a consequence, to a
frequent occurrence of lumbar scoliosis. Additionally, girls are in general less active
physically, which limits a preferable burdening and unburdening of three support points
(nucleus pulposus and two intervertebral joints). They experience earlier pubertal spurt,
and, therefore, their osseous system is more susceptible to deformations [10].

The results of the authors' own research indicate that in the group of 7-12-year-old
girls with I° scoliosis a lordotic type of body posture occurs most often. Moreover, it was
concluded that after a 10-month period of applying the authors' programme of corrective
exercises the frequency of occurrence of proper subtypes increased, especially in the
kyphotic and lordotic type of body posture. Furthermore, the correlation between the
category of the body posture and its quality was revealed. The quality of the body posture
is determined by the type of body posture. As a result, it can be concluded that the level of
anterior-posterior curvatures of the spine influences a body posture. In this work an
attempt was made at assessing the correlations between selected morphological features
and a body posture. The results revealed that there exists a statistically significant
correlation between body mass, height and posture of girls. Negative correlation
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coefficients indicate that lighter and shorter individuals have better body postures than
heavier and taller subjects. No correlations between BMI and body posture were found.
The lack of statistically significant correlations may indicate that this index does not
reflect body proportions accurately (relation of mass to height) in the period of somatic
development, and, as a result, it is not the best way to measure the changeability of the
body build of girls before and after the puberty spurt. It is possible that statistically
significant correlations between the aforementioned features may occur in the further
period, after the developmental processes are finished. The lack of statistically signif-
icant correlations may also result from heterogeneousness of the research group caused
by a big age span of girls. Therefore, this problem requires further scientific research and
verification of our own results in a bigger and more homogenous group. The presented
scientific reports and our own research results indicate the need for diagnosing and
elaborating programmes of corrective procedures with regard to all children and youth
with postural defects, with a special consideration of children from small towns and rural
areas.

Conclusions

1. The improvement of the shape of anterior-posterior curvatures of the spine in the
examined girls was observed, which proves the effectiveness of the applied
programme of corrective exercises.

2. The research revealed the correlation between the level of the anterior-posterior
curvatures of the spine and body posture, which leads to the conclusion that the
deepening or flattening of thoracic kyphosis and lumbar lordosis determine the
quality of the body posture of girls aged 7-12.

3. Correlations between body mass, height and body posture were noted, which
enables us to claim that lighter and shorter girls have better body posture than
heavier and taller girls.
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