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Annotation:
Purpose: Early diagnosis is one of 
meaningful elements of prevention 
and treatment of postural defects. The 
objective of the study was an attempt 
to determine the correlations among 
the spine – pelvis traits and the feet 
traits in the population of boys aged 
4 to 6 years living in rural areas and 
cities. Material and method: The study 
group covered 1506 boys aged 4 to 
6 years. The measurement of 104 
traits of the spine-pelvis and feet 
complex was conducted by means 
of the projection Moiré method for 
computer-based examination of body 
posture. Results: there is not much 
publications on the influence and 
correlations between the complex 
of the pelvis-spine traits and the feet 
traits. There is a correlation between 
the forming foot type and formation 
of the spine. The proposed Steinmetz 
suggestion assuming that if the spine 
can be corrected with the foot then 
the foot can be corrected by means of 
the spine, raises a number of doubts. 
The author emphasizes the meaning 
of wearing corrective footwear since 
proper foot positioning provided by 
special shoes cannot be the cause 
of spinal deformities. Conclusions: 
The spine-pelvis trait in the population 
of boys most frequently revealing 
significant influence on the feet traits 
is the height and depth of thoracic 
kyphosis. The foot trait among the 
population of boys living in cities 
most frequently revealing significant 
influence on the spine-pelvis traits was 
the value of the right foot length. In the 
rural population significant influence 
on the spine-pelvis traits was revealed 
by: the length and height of the fifth 
longitudinal arch of the left foot.

Мрозковяк Мирослав, Послушны Ма-
риуш, Жуковска Анна, Ермаков Сергей, 
Шарк-Ецкардт Мирослава. Корреляции 
между комплексом позвоночник, таз и 
формы ног у мальчиков в возрасте 4-6 
лет. Цель: Ранняя диагностика является 
одним из значимых элементов профилак-
тики и лечения постуральных дефектов. 
Целью исследования была попытка опре-
делить корреляции между комплексом по-
звоночник – таз и формы ног среди мальчи-
ков в возрасте от 4 до 6 лет, проживающих 
в сельской местности и городах. Матери-
ал и метод: Исследуемая группа охватила 
1506 мальчиков в возрасте от 4 до 6 лет. 
Измерялось 104 черты комплекса позво-
ночник - таз и ноги с помощью метода про-
екции Муар для компьютерной экспертизы 
положения тела. Результаты: существует 
не так много публикаций о влиянии и кор-
реляций между комплексом позвоночник 
– таз и форма ног. Существует корреляция 
между формированием типа стопы и фор-
мированием позвоночника. Предлагаемое 
Штайнметцом положение, при котором по-
звоночник может быть исправлен с помо-
щью ног, тогда ноги могут быть исправлены 
с помощью позвоночника, вызывает ряд 
сомнений. Автор подчеркивает, что имеет 
смысл носить корректирующую обувь. При 
этом правильное позиционирование ног 
обеспечивается специальной обувью и не 
может быть причиной деформации позво-
ночника. Выводы: комплекс позвоночник 
– таз среди мальчиков чаще раскрывает 
существенное влияние формы ног, что вы-
являет по высоте и глубине грудной кифоз. 
Черты ног и длина стопы мальчиков, живу-
щих в городах, наиболее часто оказывают 
значительное влияние на комплекс позво-
ночник – таз. У сельских жителей значи-
тельное влияние на комплекс позвоночник 
- таз оказывают: длина и высота пятого 
продольного свода левой стопы.

Мрозковяк Мирослав, Послушни 
Маріуш, Жуковська Анна, Єрмаков 
Сергій, Шарк - Ецкардт Мирослава. 
Кореляції між комплексом хребет, 
таз і форми ніг у хлопчиків у віці 
4-6 років. Мета: Рання діагностика 
є одним із значущих елементів про-
філактики та лікування постуральних 
дефектів. Метою дослідження була 
спроба визначити кореляції між комп-
лексом хребет - таз і форми ніг серед 
хлопчиків у віці від 4 до 6 років, що 
проживають у сільській місцевості і 
містах. Матеріал і метод: Досліджу-
вана група охопила 1506 хлопчиків ві-
ком від 4 до 6 років. Вимірювалося 104 
риси комплексу хребет - таз і ноги за 
допомогою методу проекції Муар для 
комп’ютерної експертизи положення 
тіла. Результати: існує не так багато 
публікацій про вплив і кореляцією між 
комплексом хребет - таз і форма ніг. Іс-
нує кореляція між формуванням типу 
стопи і формуванням хребта. Пропоно-
ване Штайнметцером положення, при 
якому хребет може бути виправлений 
за допомогою ніг, тоді ноги можуть бути 
виправлені за допомогою хребта, ви-
кликає ряд сумнівів. Автор підкреслює, 
що має сенс носити коригуюче взуття. 
При цьому правильне позиціонування 
ніг забезпечується спеціальним взут-
тям та не може бути причиною де-
формації хребта. Висновки: комплекс 
хребет - таз серед хлопчиків частіше 
розкриває істотний вплив форми ніг, 
що виявляє по висоті і глибині грудний 
кіфоз. Риси ніг і довжина стопи хлопчи-
ків, які живуть у містах, найбільш часто 
роблять значний вплив на комплекс 
хребет - таз. У сільських жителів зна-
чний вплив на комплекс хребет - таз 
надають: довжина і висота п’ятого по-
здовжнього склепіння лівої стопи.
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spine, pelvis, foot, boys, prevention, 
treatment.

позвоночник, таз, ноги, мальчики, профи-
лактика, лечение.

хребет, таз, ноги, хлопчики, профі-
лактика, лікування.

Introduction1

The percentage of postural deformities and mistakes 
observed in Polish society is different and it varies 
depending on sex, age and region [12, 13, 11, 10]. 
Relevant Polish literature provides numerous papers on 
the assessment of postural conditions in children and youth 
across different age groups as well as the range of analyzed 
features [20, 2, 6, 1, 15, 7, 14, 3]. Particularly concerning 
seem to be all spatial asymmetries within the spine-pelvis 
traits as the human body functions most effectively only 
when the position of all body segments in relation to one 
another is correct in terms of biomechanics. If only one of 
these segments is asymmetric, the upper and lower parts 

try to compensate for it [18,17]. Current development 
needs can be identified, among other things, by: assessing 
the development proportionality concerning certain traits 
of the body structure and the aspects of physical fitness as 
well as a general orthopedic examination as prevention 
of postural defects. The purpose of such an activity is 
to identify “the weakest link” within body structures 
and functions, namely, to search for an element whose 
development should be stimulated in the near future by 
making it easier for the body to achieve the dynamic 
balance in accordance with body kinetics and dynamics – 
being equivalent to increasing the health potential. A foot 
may be such a primary link.

Identifying the occurrence of a parallel process of 
progression or regression of the values related to selected 
traits of spine-pelvis and feet, does not necessarily need 
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to mean coexistence or interdependence. Coexistence in 
time when the research is conducted every few years, 
months or even weeks may be just coexistence, but it 
may also be interdependence. The period of time from 
providing a stimulus to displaying an effect will be here 
a determinant. If this effect was immediate it would be 
sufficient to measure the traits selected for the purpose of 
the study before providing a stimulus and after the lapse 
of such a short time, assuming that all other properties 
have not been modified. This requires a carefully planned 
experiment though, which seems to be impossible in 
anthropology, especially in the situation where the object of 
observation is a human being. For the purpose of the study 
it was assumed that the causes are homogeneous whereas 
the effect depends on the cause because all respondents 
came from the same region of Poland and there were 
six editions of the study each of which took half a year. 
Additionally, it was assumed that body height is modified 
by background and lifestyle. However, body height, as a 
result of an integrating role of human body, is connected 
with bone structure, body mass and the composition of 
body tissues, among other things. Modifications of each 
of these elements will exert influence on the structure 
of the skeletal system and therefore, on the biodynamic 
relations within the skeletal system elements. However, 
analyzing only the correlations among individual parts 
in the same subjects living in the same area and using 
only correlation methods, we will obtain only the scale of 
interdependence which does not determine whether it is 
coexistence or the cause and effect relationship. Only in-
depth statistical analysis and biomechanical knowledge 
displayed by the researcher will allow one to recognize 
whether it is coexistence or interdependence.

The objective of the study was determination of the 
correlations among the spine – pelvis traits and the feet 
traits in the population of boys aged 4 to 6 years.

Methodology
The study was conducted in randomly chosen 

kindergartens in rural areas and cities of the Region of 
Warmia and Mazury and the Region of Pomorze upon 
obtaining permission from the Bioethics Commission, 
the Education Office in Olsztyn, the director of the 
kindergarten, the teacher in charge of a given kindergarten 
unit, the parent and the child. The general criteria for a 
child to be qualified for the study were to identify during 
the study a required number of similar body postures in 
healthy children. The study group covered 1506 boys aged 
4 to 6 years. Respondents living in cities constituted 48.27 
% (727 boys) of the study group, while inhabitants of 
rural areas – 51.72 % (779 boys). Observation concerned 
104 traits of the spine-pelvis and feet complex across 
particular age groups. For this purpose there was used the 
projection Moiré method for computer-based examination 
of body posture. Research methods and techniques were 
consistent with the assumed principles [9].

Statistical methods
Measurement results concerning boys aged from 4 

to 6 years gathered during six half year editions were 
subjected to statistical analysis. Due to extensive research 

material there were determined the values of order 
statistics (arithmetic mean, quartiles), distribution of traits 
(standard deviation) and symmetry indicators (asymmetry 
index, concentration index) providing an overview of the 
analyzed traits considering age groups and the sex. For 
selected 104 traits the analysis concerned the significance 
of changes within mean values over subsequent years 
within one sex, correlation and multiple regression to 
determine correlations among the feet traits and a complex 
of the spine-pelvis traits. The relationships between the 
spine and pelvis traits and the feet traits were determined 
based on linear regression analysis. The selection of 
significant spine and pelvis traits was conducted by means 
of the backward method using t-Student and F-Snedecor 
tests.

Research results
Correlations among the complex of the spine-pelvis 

traits and the feet traits
Boys living in cities
The spine-pelvis traits which most frequently revealed 

a significant relationship with the feet traits included 
(in descending order): the height and depth of thoracic 
kyphosis, less frequently: the value of maximum deflection 
of spinous process line, asymmetry value, scapula height, 
less frequently: the width of asymmetric trunk triangles 
(when the left one is wider), Figure 1.

The spine-pelvis traits most frequently revealed a 
significant correlation with feet traits (in descending 
order): the length of the right foot and the height of the 
second longitudinal arch of the right foot, less frequently 
the height of the fourth longitudinal arch of the left foot, 
less frequently the height of the third one of the right foot 
and the height of the fifth arch of the left foot.

As far as the analyzed traits in the sagittal plane 
are concerned, significant correlations with the feet 
traits were most frequently displayed by: the height of 
thoracic kyphosis which affected: the value of toe 5 varus 
deformity and the transverse arch of both feet, the length 
and width as well as the height of the fifth arch of the right 
foot and the fourth one of the left foot. Less frequently 
with the depth of thoracic kyphosis which affected the 
length of both feet, the value of toe 5 varus deformity, 
transverse arch and length of the second and the width of 
the third longitudinal arch of the left foot, the surface of 
plantokonturogram and the height of the fifth arch of the 
right foot.

As far as the analyzed traits in the frontal plane are 
concerned, significant correlations with the feet traits 
were most frequently displayed by: the value of scapula 
height asymmetry which significantly affected the length 
of the second, the height of the fifth and the width of the 
fourth longitudinal arch of the left foot, the length of the 
third, the height of the second and third arch of the right 
foot. Less frequently the value of maximum deflection 
of spinous process line which affected the width of the 
second longitudinal arch of the right foot and the first 
one of the left foot, the length and height of the fourth 
arch, the width and surface of plantokonturogram of the 
left foot. Less frequently the value of asymmetric trunk 
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triangles (when the left one is wider) which affected the 
width of the first and fourth longitudinal arch of the right 
foot, the height of the fifth and the width of the fourth arch 
of the left foot.

As regards the analyzed traits in the transverse plane, 
significant correlations with the feet traits were most 
frequently displayed by: the value of scapula projection 
asymmetry (when the left scapula is more protruding) 
affecting the transverse arch, the height of the second 
longitudinal arch and the width of the right foot. 

Boys living in rural areas
The spine-pelvis traits most frequently revealing 

significant correlations with the feet traits included (in 
descending order): the height of thoracic kyphosis, the 
left pelvic tilt angle, less frequently: the length of thoracic 
kyphosis, less frequently the angle of trunk flexion to the 
right, the value of scapula projection asymmetry, Figure 
1.

The spine-pelvis traits most frequently revealed a 
significant correlation with the feet traits (in descending 
order): the width of the first longitudinal arch of the right 
foot, less frequently the value of the transverse arch of the 
left foot, less frequently the width of the third longitudinal 
arch of the left and right foot.

As far as the analyzed traits in the sagittal plane are 
concerned, significant correlations among the feet traits 
were most frequently displayed by: the height of thoracic 
kyphosis affecting the length and height of the fifth, the 
width of the first and third longitudinal arch of the right 
foot, the height of the fifth arch and the width of the third 
arch of the left foot. Less often the length of thoracic 
kyphosis affecting the transverse arch of the left foot, the 
length of the third arch of the right foot, the height of the 
first and fifth arch and the width of the third arch of the 
left foot.

As far as the analyzed traits in the frontal plane are 
concerned, significant correlations among the feet traits 
were most frequently displayed by: the pelvic tilt angle 
which significantly affected the length of the second, 
third and fifth longitudinal arch of the left foot, the width 
of the third and fifth longitudinal arch of the right foot. 
Less frequently the angle of trunk flexion to the right 
significantly affected the width and transverse arch of 
both feet.

As regards the analyzed traits in the transverse plane, 
significant correlations among the feet traits were most 
frequently displayed by: the value of scapula projection 
asymmetry affecting the width of the first and fifth 
longitudinal arch of the right foot as well as the width of 
the second and third arch of the left foot.

The correlations between the feet traits and the 
complex of the pelvis-spine traits

Boys living in cities
The feet traits most often revealing a significant 

correlation with the complex of the spine-pelvic traits 
were displayed by (in descending order): the length of the 
right foot, the value of toe 5 varus deformity on the right 
foot, less frequently the length of the fifth longitudinal 
arch of the left foot, the height of the first and second 
longitudinal arch of the right foot, the width of the fourth 
and fifth longitudinal arch of the left foot, Figure 2.

The feet traits most frequently displayed a correlation 
with (in descending order): the value of asymmetry in 
the width of trunk triangles when the right triangle was 
wider, the value of scapula height asymmetry when the 
right scapula was in a higher position, the height of the 
right scapula angle, the thoracic-lumbar spine angle and 
the depth of thoracic kyphosis.

As far as the analyzed traits of the left foot are 
concerned, significant correlations with the complex of 

Fig. 1 Percentage of significant correlations among the complex of the spine-pelvis traits and the feet traits in the 
population of boys aged 4 to 6 years from rural areas and cities (n) MM=727, MW=779
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the spine-pelvis traits were most frequently displayed by: 
the value of plantokonturogram surface which affected the 
thoracic-lumbar spine angle, lumbar lordosis length, the 
value of the right lower scapula angle, height asymmetry 
of the lower scapula angles (when the right one is in higher 
position), the value of maximum deflection of spinous 
process line and trunk flection angle in sagittal plane.  

Boys living in rural areas
The feet traits most frequently revealing a significant 

correlation with the complex of the spine-pelvis traits 
included (in descending order): the length of the fifth 
longitudinal arch of the left foot, revealing a correlation 
with the thoracic-lumbar spine angle, the height of 
thoracic kyphosis, the height and depth of lumbar 
lordosis. The height of the fifth longitudinal arch of 
the left foot, revealing a correlation with: the height of 
the right scapula angle, the value of asymmetric trunk 
triangles height when the right one is in higher position, 
the value of maximum deflection of spinous process line 
to the left, Figure 2.

The feet traits most frequently displayed correlations 
with (in descending order): the height of the lower right 
scapula angle and the value of asymmetric trunk triangles 
height when the right one is in higher position, less often 
with the lumbosacral angle and lumbar lordosis depth. 

Discourse
There are only few publications on the influence and 

correlations between the complex of the pelvis-spine 
traits and the feet traits. Steinmetz [19] assumes there is a 
correlation between the forming foot type and formation 
of the spine. However, the proposed suggestion assuming 
that if the spine can be corrected with the foot then the 
foot can be corrected by means of the spine, raises a 
number of doubts. In addition, the author emphasizes the 
meaning of wearing corrective footwear since proper foot 

positioning provided by special shoes cannot be the cause 
of spinal deformities. Pilot studies conducted by Drzał-
Grabiec and Snela [4] in the population of girls and boys 
aged from 7 to 9 years revealed correlations between the 
longitudinal arch of the right and left foot measured with 
Clarke’s angle and the length parameters describing the 
body posture.

Conclusions
1.	 The spine-pelvis trait in the population of boys most 

frequently revealing significant influence on the feet 
traits is the height and depth of thoracic kyphosis. 
These traits most frequently displayed significant 
influence on the height of the second longitudinal 
arch and the length of the right foot. Among the rural 
population of boys significant influence on the feet 
traits was revealed by: the height of thoracic kyphosis 
and the pelvic tilt angle to the left. They most often 
displayed significant influence on: the width of the first 
longitudinal arch of the right foot and transverse arch 
of the left one.  

2.	 The foot trait among the population of boys living in 
cities most frequently revealing significant influence 
on the spine-pelvis traits was the value of the right 
foot length. These traits most often displayed 
significant influence on the value of trunk triangles 
width asymmetry when the right triangle is wider. In 
the rural population significant influence on the spine-
pelvis traits was revealed by: the length and height of 
the fifth longitudinal arch of the left foot. These most 
often displayed significant influence on the value of 
asymmetric trunk triangles height when the right one 
was in higher position.

Fig. 2 Frequency of significant influence of feet traits on the complex of spine-pelvis traits in the population of boys 
aged 4 to 6 years from rural areas and cities (n) MM=727, MW=779
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