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Abstract

The aim of the study was analysis of the canonical correlations between body posture variables in the sagittal plane
and scoliotic variables among school-children. The study included 28 girls aged 7-18. The Moiré
photogrammetric method was used in the research. On the basis of the value of spine curvature angle, scoliotic
posture: 1-9°; and scoliosis: >10° were distinguished. There were 21 (75%) with scoliotic posture and 7 (25%)
with scoliosis. In the canonical correlation regarding body posture variables in the sagittal plane, the largest
shares concerned: trunk inclination angle (0.035), alpha angle (0.072), angle of chest kyphosis (0.383), length of
lumbar lordosis-(-0.301), actual angle of lumbar lordosis/total spine length (-1.067). In the canonical correlation
regarding scoliotic variables, the largest shares were related to: shoulder asymmetry — right higher (-0.577),
shoulder blade asymmetry — left higher (0.202), absolute pelvis tilt angle (-0.811), coefficient of shoulder
asymmetry relative to C;(0.324), depth of primary curvature/total spine length (0.420), primary curvature angle
(0.032), length of secondary curvature/total spine length (-0.003). The high value of the canonical correlation
coefficient despite lack of significance (R=0.72963; p=0.40075) indicates the possibility of the occurrence of a
strong correlation of both sets of variables that can be demonstrated with a larger sample size. In the selection of
scoliosis treatment method, the size of the postural variables in the sagittal plane should be taken into account,
and each patient’s case should be individually considered.

Keywords: body postural variables in the sagittal plane, scoliotic posture, scoliosis, the Moiré photogrammetric
method

1. Introduction

In the second half of the 20" century, works on distal spine deformities in scoliosis patients appeared (Somerville,
1952). The physiological kyphosis of the chest in the course of idiopathic scoliosis has been described (Hefti,
2013). The term "rotational lordosis" has also been referred to as the pathological backbone 1.of the spine, which
over time, changes into lateral distortion under the influence of vertebral rotation (Dubousset, 2011; Dubousset,
1994). In large scoliosis, the pathogenic significance of spinal anatomy increases (Dicson, 1999; Deacon &
Dicson, 1987) . The column of the spine is called the inner hump (Deacon, Berkin & Dickson, 1985;
Cruickshank, 1989). From a functional point of view, it is more important than the external hump as it occupies
the space required for internal organs (Tylman & Fiatkowski, 1983; Janssen, de Wilde, Kouwenhoven &
Castelein, 2011).It increases with the progression of scoliosis and is responsible for distant chest complications
(Negrini S, Negrini F, Fusco & Zaina, 2011; Glowacki et al., 2013). At present, scoliosis is considered a
multi-faceted distortion, in which, apart from deviation in the frontal plane, changes in the size of the curvatures
in the sagittal plane as well the rotation and torsion of the vertebrae occur (Glowacki, Misterska, Adamczyk &
Latuszewska, 2013; Yaszay et al, 2017). Spinal curvature and its rotation are secondary and the reduction of
thoracic kyphosis is primary, leading to progression of scoliosis (Iida ef al, 2015; Corradin, Canavese, Dimeglio
& Dubousset, 2017). However, there are opinions about the size of lumbar lordosis. Some people think that it
deepens in children with scoliosis (De Séze & Cugy, 2012; van Loon, 2008). Others claim the total opposite, i.¢.
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that is becomes shallower (Illés et al., 2011; Joo, Rogers & Donohoe, 2012). These are not purely theoretical
considerations as the size and shape of these curvatures should be considered in the selection of treatment
methods (Porte, Patte, Dupeyron & Cottalorda, 2016). Based on the PNF (Proprioceptive Neuromuscular
Facilitation) method used in scoliosis treatment, we use shoulder-blade movement patterns depending on the
location and direction of the curvature, which causes the shoulder to be lowered or raised, and deepening or
shallowing of chest kyphosis (Weiss, 2012). Properly chosen pelvic patterns result in lowering or raising the hips
and deepening or shallowing lumbar lordosis (Park, 2017). The aim of the study was to analyze canonical
correlations between postural variables in the sagittal plane and scoliotic variables in school-children.

2. Method

The study included 28 girls aged 7-18 with scoliotic posture or idiopathic scoliosis. The selection of test subjects
was deliberate. Children attended therapy at the Intramural Centre for Corrective and Compensatory Gymnastics
in Starachowice (Poland). The study was conducted in June 2011. All procedures performed in tests involving
human participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The
guardians of the children were informed about the purpose of the study and expressed written consent for their
children’s participation in the study. The study was non-invasive and free of charge. The patients willingly
participated in the study, and perceived it as a concern about their state of health. The photogrammetric Moiré
method was used in postural tests. Spinous processes from C7 to S1 were marked on the back of tested subject
using a marker, as well as the acromion, lower angles of the shoulder blades and the posterior superior iliac spine.
The subject assumed a habitual position at the rear of the device at a distance of 3.2 m. Stripes were projected
onto the back, and the focusing of the lens allowed the Moiré image to be obtained. The image of the spine was
received by an optical system with a camera, then it was passed onto to the analogue monitor and finally, to the
computer. In this way, a three-dimensional image of the back was formed. The following parameters of the
posture in the sagittal plane were analysed: total spine length (MM), trunk inclination angle (°), absolute trunk
inclination angle (°), alpha angle (°), beta angle (°), gamma angle (°), length of chest kyphosis (MM), length of
chest kyphosis/total spine length (%), angle of chest kyphosis (°), actual angle of chest kyphosis (°), actual angle
of chest kyphosis/total spine length (%), depth of chest kyphosis (mm), depth of chest kyphosis/total spine length
(%), absolute value of chest kyphosis depth/total spine length (%), length of lumbar lordosis (mm), length of
lumbar lordosis/total spine length (%), lumbar lordosis angle (°), actual angle of lumbar lordosis (°), actual angle
of lumbar lordosis/total spine length (%), depth of lumbar lordosis (mm), depth of lumbar lordosis/total spine
length (%). Next, primary and secondary spinal curvature parameters were analysed: shoulder asymmetry — right
higher (mm), shoulder asymmetry - left higher (mm), shoulder line angle (°), shoulder blade asymmetry — right
higher (mm), shoulder blade asymmetry — left higher (mm), pelvis tilt angle (°), absolute value of pelvis tilt
angle (°), pelvis rotation angle (°), pelvis rotation (°), shoulder/pelvis asymmetry coefficient (%), shoulder
asymmetry coefficient - KK point (%), shoulder/C; asymmetry coefficient (%), length of curvature (mm), length
of curvature/total spine length (%), depth of curvature (mm), depth of curvature/total spine length (%), curvature
angle (°), absolute value of curvature angle (°). Based on the size of the spinal curvature, the following were
distinguished: scoliotic postures: 1-9° and scoliosis: >10°.

The variables were verified for normality of distribution using the Shapiro-Wilk test. Factor analysis was used to
determine the correlation between body posture variables in the sagittal plane and scoliotic variables as canonical
correlations. Significant levels were assumed at p <0.05.

3. Results and Discussion

There were 21 children with scoliotic posture (75%) and 7 with scoliosis 7 (25%). Some of the body posture
variables in the sagittal plane were strongly correlated with each other. Scoliotic variables also showed
correlations between each other. On the other hand, canonical correlation analysis requires that each canonic
variable (left and right sets) be independent an variable. Therefore, in order to identify variables that do not show
dependence, factor analysis was used. As a result of exploratory factor analysis with Varimax rotation, among the
23 normalized variables characterizing the posture of the body in the sagittal plane, 5 orthogonal factors were
identified. For individual factors, the highest absolute values of the factor load were for the following variables:
Factor 1: angle of chest kyphosis (LC=-0.882), Factor 2: trunk inclination angle (LC=-0.944), Factor 3: alpha
angle (LC=0.919), Factor 4: length of lumbar lordosis (LC=0.960), Factor 5: actual angle of lumbar
lordosis/total spine length (LC=-0.847). The share of these 5 factors in the total variance was significantly higher
than the others. Selected orthogonal factors accounted for 89.3% of the total variance.
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Table 1. Factorial analysis of body posture in the sagittal plane variables (factorial loads — LC)

Body posture variables Factor Factor Factor Factor Factor
1 2 3 4 5

Trunk inclination angle -0.170  -0.944 0.061 -0.019 0.101
Abs value of trunk inclination angle -0.135  -0.926 0.035 0.061 0.111
Alpha angle -0.168 -0.173 0.919  0.001  -0.043
Beta angle 0.724  0.514 0.105 -0.042 0.040
Gamma angle 0.557  -0.698 0.053 0.191  0.303
Delta angle 0.599 -0.271 0.712  -0.005 0.220
Compensation index 0.526  -0.393 -0.604 0.154 0.261
Absolute value of compensation index -0.409 0.120 0.481  -0.021 -0.289
Length of chest kyphosis 0.108  -0.079 -0.156 0.840  0.493
Length of chest kyphosis / Total spine length -0.046  -0.002 0.053  0.049  0.809
Angle of chest kyphosis -0.882 0.210 -0.195 -0.032 -0.286
Actual angle of chest kyphosis 0.384  -0.159 -0.125 0.458 0.730
Actual angle of chest kyphosis / Total spine length 0.445  -0.167 -0.027 -0.088 0.838
Depth of chest kyphosis 0.874 0.296 -0.086 0.036 0.270
Depth of chest kyphosis / Total spine length 0.866 0322  -0.066 -0.154 0.254
Absolute depth of chest kyphosis / Total spine length  0.846  0.365  0.019  -0.129 0.197
Length of lumbar lordosis -0.075 0.005 0.045 0960 -0.144
Length of lumbar lordosis / Total spine length -0.348 0.185 0.432  0.252  -0.681
Angle of lumbar lordosis -0.318 -0.240 -0.886 0.150  -0.027
Actual angle of lumbar lordosis -0.300 0.055 -0.092 0.734 -0.577
Actual angle of lumbar lordosis / Total spine length ~ -0.434  0.141 0.059 0.128  -0.847
Depth of lumbar lordosis 0.324 0.675 0.504 0.229  -0.043
Depth of lumbar lordosis / Total spine length 0263 0.696 0.562 0.013 -0.133
Baseline value 5.760 4256 3.615 2.650 4.261
Share 0250 0.185 0.157 0.115 0.185
Total share of values 0250 0435 0.593 0.708  0.893

Then, from among the normalized scoliotic variables, the following 7 factors were identified: Factor 1: length of
secondary curvature /total spine length (LC=0.973), Factor 2: primary curvature angle (LC= =-0.933), Factor 3:
depth of primary curvature/total spine length (LC=0.967), Factor 4: coefficient of shoulder asymmetry relative to
C; (LC=0.867), Factor 5: absolute value of pelvis tilt angle (°) (LC=0.797), Factor 6: shoulder blade asymmetry
— left higher (mm) (LC=0.786), Factor 7: shoulder asymmetry — right higher (LC=0.834). The emerged
orthogonal factors accounted for 86.3% of the total variance. In the canonical correlation regarding variables of
body posture in the sagittal plane, the largest shares were related to: trunk inclination angle (0.035), alpha angle,
(0.072), angle of chest kyphosis (0.383), length of lumbar lordosis (-0.301), actual angle of lumbar lordosis/total
spine length (-1.067).

Table 2. Factorial analysis of scoliotic variables (factorial loads — LC)

Facto Facto Facto Facto Facto Facto Facto

Scoliotic variables with open eyes r r r r r r r

1 2 3 4 5 6 7
Shoulder asymmetry — right higher 0.225 0286 0.169 0.025 -0.035 -0.106 0.834
Shoulder asymmetry- left higher 0.071 -0.305 0.096 -0.064 0.456 0.618 -0.429
Shoulder line angle 0.075 -0.406 0.002 0.062 0.164 0327 -0.733
Absolute shoulder line angle 0.335 -0.211 0263 0.098 0.661 0428 0.119
Shoulder blade asymmetry — right higher 0.096 0.034 0.206 0.072 0.020 -0.778 -0.053
Shoulder blade asymmetry — left higher 0.196  0.139  0.058 0.257 0.015 0.786 -0.061
Pelvis tilt angle 0.026  0.110  -0.080 -0.265 0.785 0.008 -0.169
Absolute pelvis tilt angle -0.266 -0.149 0.076  0.110  0.797 -0.060 -0.108
Pelvis rotation angle 0.015 -0.299 0.291 -0.726 -0.111 -0.266 -0.177
Absolute pelvis rotation angle 0.061 -0.171 0.267 -0.010 -0.148 0.389  0.682
Coefficient of shoulder asymmetry — KK -0.092 -0.164 -0.083 0.634 0.110 0.493 -0.382

Coefficient of shoulder asymmetry relative to 0.091  -0.197 -0.042 0.867 -0.234 -0.134 -0.022
G

Length of primary curvature -0.882 0.012 0.133  -0.092 0.038 -0.034 0.041
Length of primary curvature / Total spine length  -0.971 -0.060 0.113  0.035 -0.044 0.016  0.033

Depth of primary curvature -0.119 0.086 0960 -0.100 0.040 -0.064 0.085
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Depth of primary curvature / Total spine length  -0.106  0.065  0.967 -0.072 0.034 -0.074 0.071

Primary curvature angle -0.036  -0.933 -0.093 0.029 0.032 0.064 -0.136
Absolute secondary curvature angle 0.167 -0.007 0960 -0.077 0.059 0.006 0.126
Length of primary curvature 0933 0.068 -0.115 -0.088 0.040 -0.032 -0.003

Length of secondary curvature / Total spine 0.973 0.046 -0.124 -0.034 0.034 -0.002 -0.035
length

Depth of secondary curvature 0.802 0.079 0341 0.109 -0.124 0.106 0.275
Depth of secondary curvature / Total spine 0.812 0.065 0328 0.125 -0.129 0.112 0.240
length

Secondary curvature angle 0.266 0.902 0.081 -0.049 -0.096 0.044 0.173
Absolute secondary curvature angle 0.725 0.239 0.539 -0.062 -0.046 0.064 0.137
Baseline value 5.808 2396 3.699 1928 2.083 2439 2352
Share 0.242  0.100 0.154 0.080 0.087 0.102  0.098
Total share value 0242 0342 049 0576 0.663 0.765 0.863

In the canonical relation regarding scoliotic variables, the largest shares regarded: shoulder asymmetry — right
higher (-0.577), shoulder blade asymmetry — left higher (0.202), absolute pelvis tilt angle (-0.811), coefficient of
shoulder asymmetry relative to C; —(0.324), depth of primary curvature/total spine length (0.420), primary
curvature angle (0.032), length of secondary curvature/total spine length (-0.003). The high value of the
canonical correlational coefficient despite lack of significance (R=0.72963; %2 (35)=36.460; p=0.40075)
indicates a strong possible correlation of both sets of variables able to be demonstrated with a larger sample size.

Table 3. Canonical weights and summary of canonical analysis

Variables of body posture in the sagittal plane Scoliotic variables

Left set (5) Right set (7)
Isolated variation 100.00% 76.81%
Total redundancy 29.70% 18.31%

Variables of body posture ~ Elem Elem Elem Variables Elem Elem Elem
in the sagittal plane 1 2 3 1 2 3
Trunk inclination angle 0.035 -0.853  0.278 Shoulder -0.577 0.023 0.088

asymmetry —
right higher
Alpha angle 0.072 -0.364  -0.285  Shoulder blade 0.202 -0.218  -0.402
asymmetry — left
higher
Angle of chest kyphosis 0.383 -0.098  -0.832  Absolute pelvis  -0.811  -0.216  -0.513
tilt angle
Length of lumbar lordosis  -0.301  -0.095 -0.713  Coefficientof  -0.324  0.574 0.430
shoulder
asymmetry
relative to Cy
Actual angle of lumbar -1.067  -0.044  0.748 Depth of 0.420 0.456 -0.390
lordosis / Total spine primary
length curvature /Total
spine length
Primary 0.032 -0.167 0.366

curvature angle
Length of -0.003 -0.642 0.112
secondary
curvature /Total
spine length
R=0.72963; #° (35) = 36.460; p=0.40075

Physiological chest kyphosis is a natural spinal flexure, intertwined between cervical and lumbar lordosis,
thereby affecting the size of these two curves. Correct chest kyphosis guarantees proper statics of the spine and
the entire trunk, including the body’s centre of gravity. It rotationally stabilizes the spine (Skalli et al, 2017),
provides cushioning and allows the physiological movement of the spine. Correctly developed thoracic kyphosis
affects respiratory function. This is possible by providing the right anterior-posterior thoracic dimension and
lung capacity. In addition, chest kyphosis allows the proper movement of the chest, depending on the correct axis
of rotation of the ribs and vertebrae and the amplitude of the rib movement. The major morphological defect in
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idiopathic scoliosis is the excessive length of the frontal spinal column relative to the length of the posterior ones.
Within the area of the primary curvature of chest scoliosis, each vertebra is in a lordotic position with respect to
the vertebra above and below. This results in the reduction of kyphosis or even its lordosization (Kotwicki et al,
2013). Turning the spine around the long axis causes pathological frontal tilt leading to lateral curvature. Since
idiopathic trunk scolioses are lordo-scolioses, it is necessary to explain the observation that many patients are
diagnosed with gyperhyphosis (Dubousset, 1994). Actual kyphosis occurs on the combination of two structural
bends. Within each of them, the axial rotation of the vertebrae is directed in opposite directions. On the
combination of the two bends, the rotation of the stems causes the continuity of the frontal column of the spine,
which leads to the kyphotic bend of both lobotically stiffened areas relative to each other (Deacon & Dicson,
1987). The progression of thoracic scoliosis can occur to such large values of the axial rotation angle that lateral
flexion is revealed in the sagittal plane as kyphosis. Despite the superficial image of kyphoscoliosis, the
vertebrae remain in a lordotic position with respect to each other (Deacon, Berkin & Dickson, 1985). Kyphosis is
a natural component of the spine torsion process in lumbar and chest-lumbar scoliosis. Kyphosis may occur in
the proximal thoracic spine as postural compensation of the lower lordotic part. In ways different from thoracic
scoliosis, lumbar-chest and lumbar scoliosis develop. Initially, the lateral movement of the spine (lateral flexion
of the spine in the shape of an arch) is greatest. Then, the rotation of the vertebrae around the long axis of the
spine enlarges the curvature in the frontal plane, causing the lumbar muscle or thoracic lobe to be prominent,
which is accompanied by a decrease in lumbar lordosis (Somoskedy, Tunyogi-Csapd, Bogyd & Illés, 2012).
Curvature of chest kyphosis (flat back), scoliosis with reduced lateral mobility, scoliosis with short arch
curvature, high rotation and structural changes in vertebral bodies cannot be attributed a positive outcome. The
formation of chest scoliosis involves the displacement of 4-6 thoracic vertebrae initially in the sagittal plane
(front tilt of thoracic spine) (Glowacki, Misterska, Adamczyk, & Latuszewska, 2013). In this way, physiological
kyphosis of the chest is reduced, the back becomes clinically flat. It should be noted that a flat back may occur as
a so-called single-plane postural defect, not heading in the direction of scoliosis. Scoliosis is also accompanied
by rotational and lateral displacement (Glowacki, Misterska, Adamczyk, & Latuszewska, 2013). At this stage,
there is no change in the shape of the vertebrae (vertebrae torsion), but only a three-plane change in their spatial
orientation (spinal torsion). The frontal, core-disc column of the spine becomes relatively too long in relation to
the two rear columns. One-plane (frontal) flexion of the spine may occur. This is qualified as scoliotic posture
that does not develop into scoliosis. Occasionally, segmental rotation of the vertebrae without lateral curvature
(single-plane defect in the transverse plane) is also encountered. A rib-bone hump occurs during bending but the
radiograph does not show any curvature (Tikoo, Kothari, Shah & Nene, 2017). The main goal of a another study
was to determine the types of body posture of boys, 10 to 13 years of age, by means of the body posture
assessment method based on Posture Image Analyzer software. The results should enable better understanding of
postural issues, as well as timely and more precise selection of kinesiotherapeutic procedures. Values of 5 front
view and 4 sagittal view indicators of standing body posture were measured by means of subjects' photographs
and Image Posture Analyzer Cluster analysis software (K-means method) revealed three types of body posture in
both the anterior and sagittal plane. Their characteristics were determined with discriminant analysis. In sagittal
indicators, three posture types are recognizable: (a) correct sagittal body posture (29.3%), (b) mild impaired
sagittal body posture (41.8%), (c) marked impaired sagittal body posture (28.9%). In anterior indicators, there
are also three posture types recognizable: (a) correct anterior body posture (19.4%), (b) mild scoliotic body
posture in the lumbar region (47.6%), (c) mild scoliotic body posture with double curvature (33%) (Jada et al,
2017). However, in another similar work, it was shown that for a normal spine, vector projections in the
transverse plane are aligned with the posterior-anterior anatomical axis. For a scoliotic spine, vector projections
in the horizontal plane provide information on the lateral decompensation of the spine and the lateral
displacement of vertebrae. In the horizontal plane view, vertebral rotation and projections of the sagittal
curvatures can also be analyzed simultaneously. The use of the posterior-anterior vertebral vector facilitates the
understanding of the 3D nature of scoliosis (Pausi¢ & Dizdar, 2011). The used approach is simple. These results
are sufficient for the first visual analysis supplying significant clinical information in all three anatomical planes.
This visualization represents a reasonable compromise between mathematical purity and practical use (Illés,
Tunyogi-Csap6é & Somoskedy, 2017). In a different study, it was also shown that the angle size of the chest
kyphosis and lumbar lordosis in girls with scoliosis and scoliotic posture were within normal limits. Forward
trunk inclination was noticed. No significant difference in spinal curvature was found between age groups
(Wilczynski, 2012).

4. Conclusion

In the case of body postural variables in the sagittal plane, the largest shares concerned: trunk inclination angle,

alpha angle, angle of chest kyphosis, length of lumbar lordosis, actual angle of lumbar lordosis/total spine length.
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On the side of scoliotic variables, the largest shares were related to: shoulder asymmetry — right higher, shoulder
blade asymmetry — left higher, absolute pelvis tilt angle, coefficient of shoulder asymmetry relative to C, depth
of primary curvature/total spine length, primary curvature angle, length of secondary curvature/total spine length.
High values of canonical correlations despite lack of significance indicate the possibility that a strong correlation
will occur between body posture variables and those of postural stability that can be distinguished with a larger
sample size. In the selection of scoliosis treatment method, the size of postural variables in the sagittal plane
should be taken into account and each patient’s case should be individually considered.
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