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Abstract
In clinical practice, management of abdominal aortic aneurysms (AAA) is predominantly based 
�P�O���U�I�F���E�J�B�N�F�U�F�S���P�G���U�I�F���M�V�N�F�O�����4�U�B�U�F���P�G���U�I�F���B�S�U���ù�V�J�E���T�U�S�V�D�U�V�S�F���J�O�U�F�S�B�D�U�J�P�O���	�'�4�*�
���T�J�N�V�M�B�U�J�P�O�T���I�B�W�F��
proven to be superior in estimating rupture risk, although they still have considerable shortcom-
ings. In this paper we address one such unresolved problem, and present the outline of biome-
�D�I�B�O�J�D�B�M���N�B�U�F�S�J�B�M���Q�B�S�B�N�F�U�F�S�� �E�J�T�U�S�J�C�V�U�J�P�O���J�E�F�O�U�J�ø�D�B�U�J�P�O���W�J�B�� �J�O�W�F�S�T�F�� �ø�O�J�U�F�� �F�M�F�N�F�O�U���	�'�&�
�� �B�O�B�M�Z�T�J�T����
�0�V�S���N�F�U�I�P�E���J�T���C�B�T�F�E���P�O���U�I�F���O�P�O���J�O�W�B�T�J�W�F���B�Q�Q�S�P�Y�J�N�B�U�J�P�O���P�G���U�I�F���E�J�T�Q�M�B�D�F�N�F�O�U���ø�F�M�E���V�T�J�O�H���F�M�F�D�U�S�P-
cardiogram-gated computer tomography angiography (ECG-gated CT-angiography, CTA) and 
�F�T�U�J�N�B�U�J�O�H���U�I�F���M�P�B�E���ø�F�M�E���X�J�U�I���V�T�V�B�M���D�P�N�Q�V�U�B�U�J�P�O�B�M���ù�V�J�E���E�Z�O�B�N�J�D�T���	�$�'�%�
���T�J�N�V�M�B�U�J�P�O�T�����1�B�S�B�N-
eters of our model connecting the two abovementioned sets of variables result from an optimiza-
tion algorithm minimizing a work and energy related variational functional. Consequently, also 
supported by experimental measurements, we are able to assess local distribution of the biome-
chanical material properties of the arterial wall and give a functional characterization of vessel 
wall degeneration.

Keywords: abdominal aortic aneurysm, risk of rupture, in vivo measurement, biomechanical ma-
terial parameters, ECG-gated CTA, clinical application

1. Introduction

In healthy elderly men, the diameter of the 
infrarenal abdominal aorta ranges between 
15 mm and 24 mm.1 Abdominal aortic aneu-
rysm (AAA) is a persistent and irreversible, 
circumscribed, spindle-shaped dilatation of 
the vessel with diameters exceeding 1.5 times 
this value.2,3 Ensuing rupture of these lesions 
is extremely hazardous, with lethal outcomes 
in the overwhelming majority of the cases.4,5 
Since the advent of modern imaging technolo-
gies and regular screening tests, aortic defor-
mations are often discovered at an early stage, 
and although, elective repair by open surgery 
or endovascular stent grafting at this point can 
�E�F�D�S�F�B�T�F���N�P�S�U�B�M�J�U�Z���S�B�U�J�P���T�J�H�O�J�ø�D�B�O�U�M�Z�
���U�S�F�B�U�N�F�O�U��
of these lesions remains a high risk procedure.6 

Therefore, any prediction rule regarding the 
risk of rupture is of paramount importance.

2. Motivation

In clinical practice, the management of as-
ymptomatic aortic aneurysms is predomi-
nantly based on the measurement of maximal 
lumen diameter and its rate of expansion with 
critical values being 5.5 cm and 1 cm/year, re-
spectively.7 Although, a strong correlation has 
been observed, that also can be well explained 
by Laplace’s law of thin membranes; there is 
no exclusive causal relation between these fac-
tors and the probability of rupture.

�*�O�T�V�G�ø�D�J�F�O�U�� �F�G�G�F�D�U�J�W�F�O�F�T�T�� �P�G�� �F�B�S�M�Z�� �F�M�F�D�U�J�W�F�� �T�V�S-
gical repair8 and the still occurring rupture 
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of untreated small aneurysms (dilatations less 
than 5.5 cm in diameter)9 raised the demand 
of an improved decision strategy based on bio-
mechanical concepts: rupture occurs when 
�U�I�F���C�M�P�P�E���ù�P�X���J�O�E�V�D�F�E���T�U�S�F�T�T���P�G���U�I�F���W�F�T�T�F�M���X�B�M�M��
�S�F�B�D�I�F�T���U�I�F���T�U�S�F�O�H�U�I���M�J�N�J�U���P�G���U�I�F���U�J�T�T�V�F�����1�B�U�J�F�O�U��
�T�Q�F�D�J�ø�D���O�V�N�F�S�J�D�B�M���N�P�E�F�M�J�O�H���U�F�D�I�O�J�R�V�F�T���B�E�P�Q�U-
ing this concept10-14 are proven to have higher 
discriminatory value, with a proper reproduc-
ibility,15 than the maximal diameter.

These methods handle the liquid blood and 
the solid wall phases separately by solving 
the respective differential equations in a fully 
�D�P�V�Q�M�F�E���ù�V�J�E���T�U�S�V�D�U�V�S�F���J�O�U�F�S�B�D�U�J�P�O���	�'�4�*�
���B�M�H�P-
�S�J�U�I�N�����*�O���Q�S�B�D�U�J�D�F�
���ø�S�T�U�
���U�I�F���H�F�P�N�F�U�S�Z���P�G���U�I�F���M�V-
men is captured at a single timestep with CTA 
imaging; the blood pressure is measured usu-
ally on the arm, and then transformed to tran-
�T�J�F�O�U�� �W�P�M�V�N�F�U�S�J�D�� �ù�P�X�� �S�B�U�F�� �J�O�M�F�U�� �B�O�E�� �Q�S�F�T�T�V�S�F��
outlet boundary conditions for the examined 
segment using the method of characteristics on 
a one-dimensional branching model.16 With 
�B�O�� �B�E�F�R�V�B�U�F�� �ù�V�J�E�� �N�P�E�F�M�� �G�P�S�� �U�I�F�� �C�M�P�P�E�
�� �U�I�F��
CFD calculation yields the pressure acting on 
the wall as the boundary condition for the FE 
model, which itself is embedded in an elastic 
support environment. Conversely, the displace-
�N�F�O�U���ø�F�M�E���S�F�T�V�M�U�J�O�H���G�S�P�N���U�I�F���'�&���N�P�E�F�M���P�G���U�I�F��
solid phase augments the boundary condition 
for the CFD simulation of the liquid phase. 
This concept requires an iteration algorithm 
in each timestep of an unsteady problem until 
�U�I�F���E�Z�O�B�N�J�D���F�R�V�J�M�J�C�S�J�V�N���J�T���G�V�M�ø�M�M�F�E��

One of the greatest shortcomings of these 
methods – beside the complex support bound-
ary conditions17 – is the lack of individual cali-
bration of the material parameters of the wall. 
�5�I�F�J�S���E�J�T�U�S�J�C�V�U�J�P�O���I�B�T���B���T�J�H�O�J�ø�D�B�O�U���J�N�Q�B�D�U18,19 
on the stress distribution and on the rupture 
criterion as well. In concordance with clinical 
observations, at the dilated part local stiffening 
of the hyperstatic structure concentrates the 
stresses exactly where the resistance decreased.

3. Purpose

Our aim is to develop a new, non invasive 
method to measure material parameters in 
vivo; thus, analyzing the adequacy of the wall 
stresses calculated by existing methods, and 
completing the characterization of the aneu-
rysm with the assessment of tissue degenera-
tion. The procedure involves 5 cornerstones: 
�	���
���E�J�T�Q�M�B�D�F�N�F�O�U���ø�F�M�E���E�F�U�F�S�N�J�O�B�U�J�P�O�
���	���
���D�P�S-
�S�F�T�Q�P�O�E�J�O�H���M�P�B�E���ø�F�M�E���D�B�M�D�V�M�B�U�J�P�O�
���	���
���J�E�F�O�U�J�ø-
cation of local material model parameters, (4) 
assessment of vessel wall degeneration, and (5) 
the validation of the methodology. In the fol-
lowing, we present the basic ideas behind these 
steps.

4. Method

�����������%�F�U�F�S�N�J�O�B�U�J�P�O���P�G���U�I�F���E�J�T�Q�M�B�D�F�N�F�O�U���ø�F�M�E

Characterizing the dynamic movement of the 
living tissue is possible in theory by following 
�F�J�U�I�F�S�� �O�B�U�V�S�B�M�� �M�B�O�E�N�B�S�L�T�� �P�S�� �B�S�U�J�ø�D�J�B�M�� �N�B�S�L-
ers.20�� �5�I�F�� �ø�S�T�U�� �S�F�R�V�J�S�F�T�� �B�� �T�P�Q�I�J�T�U�J�D�B�U�F�E�� �F�Y-
perimental setup, while the second is highly 
invasive, both of which we want to avoid. Our 
method stems from the novel application of the 
electrocardiogram-gated computer tomogra-
phy angiography (ECG-gated CTA) – com-
monly used in cardiology – opening new hori-
zons for investigation of the dynamic behavior 
of the artery in contrast to the more commonly 
used static properties.21

Image acquisition

�8�F���V�T�F�E���B���1�I�J�M�J�Q�T���#�S�J�M�M�J�B�O�D�F���J�$�5���	�,�P�O�J�O�L�M�J�K�L�F��
�1�I�J�M�J�Q�T���/�7�
���#�F�T�U�
���/�F�U�I�F�S�M�B�O�E�T�
���E�F�W�J�D�F���U�P���T�D�B�O��
the aorta with slice thickness of 1 mm and 
transverse voxel size of approximately 0.5 mm. 
The reconstruction was performed at 10 dis-
crete timesteps of the R-R interval with an ac-
tive contour algorithm. The total displacement 
amplitude of a point of interest at the aortic 
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wall was comparable to the estimated measure-
�N�F�O�U���Q�S�F�D�J�T�J�P�O���	�J�E�F�O�U�J�ø�F�E���C�Z���U�I�F���W�P�Y�F�M���T�J�[�F���J�O��
the transverse direction).

Parametric surface representation

At each timestep we constructed a parametric 
bicubic spline surface of the arterial lumen by 
minimizing the smoothness measure of the 
surface under the condition that the deviation 
�P�G�� �U�I�F�� �N�F�B�T�V�S�F�E�� �Q�P�J�O�U�T�� �G�S�P�N�� �U�I�F�� �ø�U�U�F�E�� �T�V�S-
face exceeds the estimated measurement error 
�	�J�E�F�O�U�J�ø�F�E�� �C�Z�� �U�I�F�� �W�P�Y�F�M�� �T�J�[�F�� �J�O�� �U�I�F�� �U�S�B�O�T�W�F�S�T�F��
direction) with probability less than a given 
�T�J�H�O�J�ø�D�B�O�D�F���M�F�W�F�M���� �5�I�F���N�P�U�J�P�O���U�S�B�D�L�J�O�H���P�G���U�I�F��
resulting surface point is an ill-posed problem, 
since we have no information on the in-plane 
displacements. Two approaches are at hand: 
�5�I�F�� �ø�S�T�U�� �J�T�� �T�P�M�W�J�O�H�� �U�I�F�� �X�F�B�L�� �G�P�S�N�V�M�B�U�J�P�O�� �P�G��
the problem by minimizing an image simi-
larity measure combined with the variational 
functional of the mechanical energy. The sec-
ond – which is followed in this paper due to 
�J�U�T�� �O�V�N�F�S�J�D�B�M�� �F�G�ø�D�J�F�O�D�Z�� �B�O�E�� �U�I�F�� �B�E�W�B�O�U�B�H�F�� �P�G��
restricting the problem to geometric properties 

– is to amend the local, strong formulation by 
making auxiliary constraint on the movement. 
Based on FSI simulation observations, we as-
sume the incremental displacement vector of 
the reference surface to align with its corrected 
normal vector. The correction accounts for 
the periodic movement and plays the role as 
�U�I�F�� �N�F�B�T�V�S�F�� �P�G�� �U�I�F�� �B�T�T�V�N�Q�U�J�P�O�� �F�G�ø�D�J�F�O�D�Z���� �"�T�� 
Figure 1  shows, the necessary correction de-
creases with increasing temporal resolution.

Isogeometric analysis

The idea of using the functions describing 
�U�I�F�� �H�F�P�N�F�U�S�Z�� �B�T�� �C�B�T�J�T�� �G�V�O�D�U�J�P�O�T�� �P�G�� �U�I�F�� �ø�O�J�U�F��
element analysis was introduced by Hughes 
et al.22 and summarized by Cottrell et al.23 
applying the non-uniform rational B-spline 
(NURBS) description within the isogeometric 
paradigm to close the gap between CAD based 
design and analysis not requiring the interme-
diate step of mesh generation and enabling the 
work on the exact geometry. This approach is 
adopted in our investigations so that the con-
�U�S�P�M�� �Q�P�J�O�U�� �N�P�U�J�P�O�� �G�V�O�D�U�J�P�O�� �E�F�ø�O�F�T�� �U�I�F�� �L�J�O�F-

Figure 1. �5�I�F���U�P�Q���M�F�G�U���ø�H�V�S�F���T�I�P�X�T���U�I�F���T�V�S�G�B�D�F���O�P�S�N�B�M���W�F�D�U�P�S�T���	�C�M�B�D�L�
�
���U�I�F���S�F�N�B�J�O�J�O�H���D�M�P�T�V�S�F���F�S�S�P�S���	�H�S�F�F�O�
��
�B�G�U�F�S���B���Q�F�S�J�P�E�
���B�O�E���U�I�F���E�J�T�Q�M�B�D�F�N�F�O�U���J�O�D�S�F�N�F�O�U�T���	�C�M�V�F�
�����5�I�F���C�P�U�U�P�N���M�F�G�U���ø�H�V�S�F���T�I�P�X�T���U�I�F���N�B�Y�J�N�V�N���B�O�E��

average closure error convergence with increasing temporal resolution. The spatial distribution of the error 
in the converged state is presented on the right
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matics of the structure with the given set of 
basis functions as demonstrated in Figure 2.

The reference surface motion function (�·) is 
�D�P�O�T�F�R�V�F�O�U�M�Z���E�F�ø�O�F�E���J�O���U�I�F���G�P�S�N���P�G���	���
�
���X�I�F�S�F��
�®1�����®2X �™��are the surface parameters, Ni, Mj are 
the basis functions, t is the time and Tc is the 
duration of the heartbeat. The velocity and ac-
celeration – components that are also needed 
in future dynamic analysis – are easily derived 
by partial differentiation. The displacement 
amplitude and the maximal velocity and ac-
celeration magnitudes are shown in Figure 3.

Figure 4 shows the amplitudes of the in-plane 
Green-Lagrange strain components in local 
orthonormal coordinate system at the refer-
ence surface. These values oscillate around the 
initial strain, which is approximately 0.3.24-26 

The main load bearing direction is the circum-
ferential one (E22) with peak strain amplitude 
values of 0.1 surrounding the bulge region, 
while the values of strain amplitude are with 
an order of magnitude smaller within this re-
gion. This fact squares well with the expect-
ed behavior of a stiffer inclusion, and is also 
supported by observations of rupture, mostly 
occurring at the dilated part by having small 
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Figure 2. Natural and periodic univariate cubic 
uniform basis function constituting the bicubic 
uniform spline, the parameter mesh and the Pij  

control point values

Figure 3. Amplitudes of the kinematic variables in 
a cardiac cycle. The sides move with displacement 
amplitude approximately 1 mm, while the frontal 

dilated part virtually remains in place

Figure 4. Green-Lagrange strain amplitude 
components at the lumen�·
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strains in a weakened region and high values at 
its border with a thin transition zone. In-plane 
shear (E12) behaves similarly with peak values 
around 3%. Axial stretch (E11) is also small at 
the dilatation and large at locations of high 
axial curvature.

Material point kinematics

In this example only the inner side of the ar-
terial wall was extracted from the images, in 
order to characterize the rotational displace-
ment of the material points situated above this 
reference surface, since it was convenient to 
suppose that the directors (straight material 
lines normal to the initial reference surface) 
remain straight and normal to the deformed 
lumen throughout the whole process, leading 
�U�P���,�J�S�D�I�I�P�G�G���-�P�W�F���T�I�F�M�M���U�I�F�P�S�Z�����*�U���J�T���Q�P�T�T�J�C�M�F���U�P��
�E�F�U�F�S�N�J�O�F���U�I�F���E�J�T�Q�M�B�D�F�N�F�O�U���ø�F�M�E���P�G���U�I�F���P�V�U�F�S��
surface of the wall, as well, in a similar manner, 
which provides the linear approximation of the 
�E�F�ù�F�D�U�J�P�O���P�G���U�I�F���E�J�S�F�D�U�P�S���G�S�P�N���U�I�F���T�V�S�G�B�D�F���O�P�S-
mal, which accommodates the transverse shear 
deformations using the Reissner-Mindlin shell 
formulation.

�����������%�F�U�F�S�N�J�O�B�U�J�P�O���P�G���U�I�F���M�P�B�E���ø�F�M�E

Simultaneously with the geometry scan, over-
�Q�S�F�T�T�V�S�F�� �B�O�E�� �W�F�M�P�D�J�U�Z�� �Q�S�P�ø�M�F�� �N�F�B�T�V�S�F�N�F�O�U�T��
were carried out at a limb, which was then 
transformed to the desired aortic section via a 
1D systematic model – analogous to the electric 
circuit model – serving as boundary condition 
�G�P�S���U�I�F���ù�V�J�E���T�J�N�V�M�B�U�J�P�O��16 The previously deter-
mined wall displacement served as a moving 
wall boundary making the resource consum-
ing FSI calculation unnecessary, which is an 
advantage of our model in terms of real-time 
applicability. The simulation was carried out 
within the ANSYS framework yielding the 
�ù�P�X�� �J�O�E�V�D�F�E�� �Q�S�F�T�T�V�S�F�� �B�O�E�� �X�B�M�M�� �T�I�F�B�S�� �T�U�S�F�T�T��
distribution acting on the wall.

�����������*�E�F�O�U�J�ø�D�B�U�J�P�O���P�G���M�P�D�B�M���N�B�U�F�S�J�B�M���N�P�E�F�M���Q�B-
rameters

The power of these forces should be equal to 
the time derivative of the sum of the strain en-
ergy and kinetic energy. The power is calcu-
lated from the loads and the reference surface 
velocity function. The kinetic energy is given 
by the shell model and the  reference surface 
velocity function, while for the estimate of 
strain energy we needed additional character-
istics of the material model, for which well de-
veloped formulae were found in the literature 
based on a microstructural approach.27 Model 
�Q�B�S�B�N�F�U�F�S�� �J�E�F�O�U�J�ø�D�B�U�J�P�O�� �X�B�T�� �D�B�S�S�J�F�E�� �P�V�U�� �C�Z�� �B��
fast Levenberg-Marquardt local optimization 
algorithm where the objective function gradi-
ent is provided numerically in time comparable 
to a normal function evaluation by virtue of the 
local support property of the spline basis func-
tions.

4.4. Degree of vessel wall degeneration

Changes in material properties will usually 
be accompanied by slow, gradual distension 
of vessel geometry. This phenomenon can be 
observed both on the macro- (stiffening) and 
microscale (decreased elastin content). We re-
�M�B�U�F�E���U�I�F���J�E�F�O�U�J�ø�F�E���N�P�E�F�M���Q�B�S�B�N�F�U�F�S�T���U�P���U�I�F�T�F��
observed phenomena in order to get a thresh-
old of material strength and to determine the 
level of degenerative process.

Aneurysmal aortic sections were dissected (see 
Figure 5) from patients undergoing to open 
�T�V�S�H�F�S�Z�� �B�U�� �U�I�F�� �)�F�B�S�U�� �B�O�E�� �7�B�T�D�V�M�B�S�� �$�F�O�U�F�S�� �P�G��
Semmelweis University, where ECG-gated 
CTA images were also taken preceding the op-
erations.

We measured  macroscopic elastic behavior of 
the specimen by using displacement controlled 
equi-biaxial tensile tests shown in Figure 6, 
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while the microstructure of the same samples 
was assessed by multi-photon microscopy, 
which is capable to visualize collagen through-
out the cross-section of arterial constitutive 
layers, as shown in Figure 7. Then, we stacked 
image slices together in order to get 3D data, 
and by the aid of an automatic image process-
ing algorithm we were able to determine the 
collagen content and the distribution function 

�P�G���U�I�F���ø�C�F�S���P�S�J�F�O�U�B�U�J�P�O���C�Z���B�Q�Q�M�Z�J�O�H���B�����%���'�P�V-
rier transform.

�����������7�B�M�J�E�B�U�J�P�O���B�O�E���W�F�S�J�ø�D�B�U�J�P�O

The applicability of the method components 
should be validated individually. The hypoth-
esis of the displacement to be aligned with 
the corrected actual normal is observed by FSI 
simulations on geometries with small changes 
in curvature with homogenous hyperelastic 
material model. Deviations are expected at lo-
cations with negative Gaussian curvature. Ex-
�Q�F�S�J�N�F�O�U�B�M���W�F�S�J�ø�D�B�U�J�P�O���J�T���B�M�T�P���O�F�F�E�F�E���B�O�E���Q�S�P-
posed in the near future by natural landmark 
�U�S�B�D�L�J�O�H���� �5�I�F�� �M�P�B�E�� �ø�F�M�E�� �E�F�U�F�S�N�J�O�B�U�J�P�O�� �Q�S�P�D�F-
dure is documented extensively in the litera-
ture.17�� �5�I�F�� �N�B�U�F�S�J�B�M�� �J�E�F�O�U�J�ø�D�B�U�J�P�O�� �Q�S�P�D�F�E�V�S�F��
carried out on noisy data is an optimization 
problem of well described approximating solu-
tion algorithms as well. To verify the process 
�J�U�T�F�M�G�
�� �J�O�� �T�J�M�J�D�P�� �N�F�B�T�V�S�F�N�F�O�U�T�� �P�G�� �B�O�� �B�S�U�J�ø�D�J�B�M��
�T�J�M�J�D�P�O�� �B�S�U�F�S�Z�� �M�P�B�E�F�E�� �X�J�U�I�� �Q�V�M�T�B�U�J�M�F�� �ù�V�J�E�� �ù�P�X��
are also planned.

Figure 5. Dissected aneurysm sample (Semmelweis 
�6�O�J�W�F�S�T�J�U�Z�
���)�F�B�S�U���B�O�E���7�B�T�D�V�M�B�S���$�F�O�U�F�S�


Figure 7. Dissected aneurysm sample (Semmelweis 
�6�O�J�W�F�S�T�J�U�Z�
���)�F�B�S�U���B�O�E���7�B�T�D�V�M�B�S���$�F�O�U�F�S�


Figure 6. Equipment for equibiaxial tensile testing 
aneurysm specimens (Semmelweis University, 

Department of Biophysics and Radiation Biology 
�*�O�T�U�J�U�V�U�F���P�G���)�V�N�B�O���1�I�Z�T�J�P�M�P�H�Z���B�O�E���$�M�J�O�J�D�B�M��

Experimental Research)



13

Biomechanica Hungarica VIII. évfolyam, 2. szám

F
U

R
T

H
E

R
 S

T
U

D
Y

IN
G

1. Liddington MI, Heather BP. The relationship 
between aortic diameter and body habitus. Eu-
�S�P�Q�F�B�O���+�P�V�S�O�B�M���P�G���7�B�T�D�V�M�B�S���4�V�S�H�F�S�Z��������������������������

2. McGregor JC, Pollock JG, Anton HC. The value 
of ultrasonography in the diagnosis of abdomi-
nal aortic aneurysm. Scottish Medical Journal 
1975;20:133-7.

3. Johnston KW, Rutherford RB, Tilson MD, Shah 
DM, Hollier L, Stanley JC. Suggested standards 
for reporting on arterial aneurysms. Subcom-
mittee on Reporting Standards for Arterial 
Aneurysms, Ad Hoc Committee on Reporting 
�4�U�B�O�E�B�S�E�T�
�� �4�P�D�J�F�U�Z�� �G�P�S�� �7�B�T�D�V�M�B�S�� �4�V�S�H�F�S�Z�� �B�O�E��
North American Chapter, International Society 
�G�P�S�� �$�B�S�E�J�P�W�B�T�D�V�M�B�S�� �4�V�S�H�F�S�Z���� �+�P�V�S�O�B�M�� �P�G�� �7�B�T�D�V�M�B�S��
Surgery 1991;13:452-8.

4. Ingoldby CJ, Wujanto R, Mitchell JE, Epstein 
DM, Sculpher MJ, Greenhalgh RM. Impact of 
vascular surgery on community mortality from 
ruptured aortic aneurysms. The British Journal 
of Surgery 1986;360:551-3.

5. Kantonen I, Lepantalo M, Brommels M, Luther 
M, Salenius JP, Ylonen, the Finnvasc Study Group 
et al. Mortality in ruptured abdominal aortic an-
eurysms. European journal of vascular and en-
dovascular surgery 1999;17(3):208-12.

6. Brown LC, Powell JT, Thompson SG.�� �5�I�F�� �6�,��
�&�O�E�P�7�B�T�D�V�M�B�S�� �"�O�F�V�S�Z�T�N�� �3�F�Q�B�J�S�� �	�&�7�"�3�
�� �U�S�J-
�B�M�T���� �S�B�O�E�P�N�J�T�F�E�� �U�S�J�B�M�T�� �P�G�� �&�7�"�3�� �W�F�S�T�V�T�� �T�U�B�O-
dard therapy. Health Technology Assessment 
2012;16(9):1-218.

7. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, 
Creager MA, Halperin JL, et al. ACC/AHA 2005 
Guidelines for the management of patients 
with peripheral arterial disease (lower extrem-
ity, renal, mesenteric, and abdominal aortic). 
Journal of the American College of Cardiology 
2006;47(6):1239-312.

8. Powell J. Final 12-year follow-up of surgery ver-
�T�V�T���T�V�S�W�F�J�M�M�B�O�D�F���J�O���U�I�F���6�,���T�N�B�M�M���B�O�F�V�S�Z�T�N���U�S�J�B�M����
British Journal of Surgery 2007;94:6.

9. Brewstera DC, Cronenwett JL, Hallett Jr. JW, 
Johnston KW, Krupski WC, Matsumura J. Guide-
lines for the treatment of abdominal aortic an-
eurysms: Report of a subcommittee of the joint 
�D�P�V�O�D�J�M�� �P�G�� �U�I�F�� �"�N�F�S�J�D�B�O�� �"�T�T�P�D�J�B�U�J�P�O�� �G�P�S�� �7�B�T-
�D�V�M�B�S���4�V�S�H�F�S�Z���B�O�E���4�P�D�J�F�U�Z���G�P�S���7�B�T�D�V�M�B�S���4�V�S�H�F�S�Z����
�+�P�V�S�O�B�M���P�G���7�B�T�D�V�M�B�S���4�V�S�H�F�S�Z�����������������	���
������������������

10. Raghavan ML, Webster MW, Vorp DA. Ex vivo 
biomechanical behavior of abdominal aortic 
aneurysm: assessment using a new mathemati-
cal model. Annals of Biomedical Engineering 
1996;24(5):573-82.

11. Raghavan ML, Vorp DA, Federle MP, Makaroun 
MS, Webster MW. Wall stress distribution on 
three-dimensionally reconstructed models of 
human abdominal aortic aneurysm. Journal of 
�7�B�T�D�V�M�B�S���4�V�S�H�F�S�Z�����������������	���
��������������

12. Raghavan ML, Fillinger MF, Marra SP, Naegelein 
BP, Kennedy FE. Automated methodology for 
determination of stress distribution in human 
abdominal aortic aneurysm. Journal of Biome-
chanical Engineering 2005;127(5):868-71.

13. Fillinger MF, Raghavan ML, Marra SP, Cronen-
wett JL, Kennedy FE. In vivo analysis of me-
chanical wall stress and abdominal aortic aneu-
�S�Z�T�N�� �S�V�Q�U�V�S�F�� �S�J�T�L���� �+�P�V�S�O�B�M�� �P�G�� �7�B�T�D�V�M�B�S�� �4�V�S�H�F�S�Z��
2002;36(3):589-97.

14. Fillinger MF, Marra SP, Raghavan ML, Kennedy 
FE. �1�S�F�E�J�D�U�J�P�O�� �P�G�� �S�V�Q�U�V�S�F�� �S�J�T�L�� �J�O�� �B�C�E�P�N�J�O�B�M��
aortic aneurysm during observation: Wall stress 
�W�F�S�T�V�T�� �E�J�B�N�F�U�F�S���� �+�P�V�S�O�B�M�� �P�G�� �7�B�T�D�V�M�B�S�� �4�V�S�H�F�S�Z��
2003;37(4):724-32.

15. Hyhlik-Dürr A, Krieger T, Geisbüsch P, Kotelis 
D, Able T, Böckler D. Reproducibility of deriving 
parameters of AAA rupture risk from patient-
�T�Q�F�D�J�ø�D�� ���%�� �ø�O�J�U�F�� �F�M�F�N�F�O�U�� �N�P�E�F�M�T���� �+�P�V�S�O�B�M�� �P�G��
Endovascular Therapy 2011;18(3):289-98.

16. Bárdossy G, Halász G.�� �.�P�E�F�M�J�O�H�� �C�M�P�P�E�� �ù�P�X��
�J�O�� �U�I�F�� �B�S�U�F�S�J�B�M�� �T�Z�T�U�F�N���� �1�F�S�J�P�E�J�D�B�� �1�P�M�Z�U�F�D�I�O�J�D�B��
2011;55:49-55. 

REFERENCES



Biomechanica Hungarica VIII. évfolyam, 2. szám

14

F
U

R
T

H
E

R
 S

T
U

D
Y

IN
G

17. Józsa TI, Paál G.�� �#�P�V�O�E�B�S�Z�� �D�P�O�E�J�U�J�P�O�T�� �G�P�S�� �ù�P�X��
simulations of abdominal aortic aneurysms, 
International Journal of Heat and Fluid Flow 
2014;50:342-51. 

18. Speelman L, Bohra A, Bosboom EMH, Schurink, 
GWH, van de Vosse FN, Makaroun MS, Vorp DA. 
�&�G�G�F�D�U�T�� �P�G�� �X�B�M�M�� �D�B�M�D�J�ø�D�B�U�J�P�O�T�� �J�O�� �Q�B�U�J�F�O�U���T�Q�F�D�J�ø�D��
wall stress analyses of abdominal aortic aneu-
rysms. Journal of Biomechanical Engineering 
2007;129(1):105-9.

19. Li ZY, U-King-Im J, Tang TY, Soh E, See TC, 
Gillard JH.�� �*�N�Q�B�D�U���P�G���D�B�M�D�J�ø�D�B�U�J�P�O���B�O�E���J�O�U�S�B�M�V-
minal thrombus on the computed wall stresses 
�P�G���B�C�E�P�N�J�O�B�M���B�P�S�U�J�D���B�O�F�V�S�Z�T�N�����+�P�V�S�O�B�M���P�G���7�B�T�D�V-
lar Surgery 2008;47(5):928-35.

20. Rausch MK, Bothe W, Kvitting JPE, Göktepe S, 
Craig Miller D, Kuhl E. In vivo dynamic strains 
�P�G���U�I�F���P�W�J�O�F���B�O�U�F�S�J�P�S���N�J�U�S�B�M���W�B�M�W�F���M�F�B�ù�F�U�����+�P�V�S�O�B�M��
of Biomechanics 2011;44(6):1149-57.

21. Nagy R, Csobay-Novák Cs, Lovas A, Sótonyi P, 
Bojtár I. Non invasive in vivo measurement of 
strain in human abdominal aortic aneurysms. 
Towards a novel approach to rupture risk esti-
mation. Journal of Biomechanics 2015;48(10):  
1876-86.

22. Hughes TJR, Cottrell JA, Bazilevs Y. Isogeomet-
�S�J�D���B�O�B�M�Z�T�J�T�����$�"�%�
���ø�O�J�U�F���F�M�F�N�F�O�U�T�
���/�6�3�#�4�
���F�Y-
�B�D�U�� �H�F�P�N�F�U�S�Z�� �B�O�E�� �N�F�T�I�� �S�F�ø�O�F�N�F�O�U���� �$�P�N�Q�V�U�F�S��
methods in applied mechanics and engineering 
2005;194(39):4135-95.

23. Cottrell JA, Hughes TJR, Bazilevs Y. Isogeometric 
Analysis: Toward Integration of CAD and FEA. 
John Wiley&Sons 2009, ISBN 978-0-470-74873-2.

24. Holzapfel GA, Sommer G, Auer M, Regitnig P, 
Ogden RW.�� �-�B�Z�F�S�� �T�Q�F�D�J�ø�D�� ���E�� �S�F�T�J�E�V�B�M�� �E�F�G�P�S�N�B-
tions of human aortas with non-atherosclerotic 
intimal thickening. Annals of biomedical engi-
neering 2007;35:530-45.

25. Langewouters G, Wesseling K, Goedhard W. The 
static elastic properties of 45 human thoracic 
and 20 abdominal aortas in vitro and the param-
eters of a new model. Journal of biomechanics 
1984;17:425-35.

26. Stålhand J, Klarbring A. Aorta in vivo parameter 
�J�E�F�O�U�J�ø�D�B�U�J�P�O�� �V�T�J�O�H�� �B�O�� �B�Y�J�B�M�� �G�P�S�D�F�� �D�P�O�T�U�S�B�J�O�U����
Biomechanics and modeling in mechanobiol-
ogy 2005;3:191-9.

27. Holzapfel GA, Gasser TA, Ogden RW. A new con-
stitutive framework for arterial wall mechanics 
and a comparative study of material models. J 
Elasticity, 2000;61:1-48.

We would like to thank the help of Semmelweis University Heart and Vascular Center for the 
ECG-gated imaging and sample preparation, Department of Biophysics and Radiation Biol-
ogy Institute of Human Physiology and Clinical Experimental Research for collaborating in 
the biaxial tensile tests, Department of Biophysics and Radiation Biology for providing the 
multi-photon microscope.

Róbert Nagy
Department of Structural Mechanics, Faculty of Civil Engineering, Budapest University of 
Technology and Economics    
�)�������������#�V�E�B�Q�F�T�U�
���.�é�F�H�Z�F�U�F�N���S�L�Q�����������,���C�V�J�M�E�J�O�H�
���,�.��������
Tel.: (+36) 1 463-1434



15

Biomechanica Hungarica VIII. évfolyam, 2. szám

O
R

IG
IN

A
L 

A
R

T
IC

LE
S

AUTOMATIC  RECONSTRUCTION OF BRAIN’S MICRO-VASCULAR NET-
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Abstract
X-ray synchrotron tomographic microscopy enables the acquisition of large amount of images 
�X�J�U�I���B���H�F�P�N�F�U�S�J�D���B�O�E���S�B�E�J�P�N�F�U�S�J�D���S�F�T�P�M�V�U�J�P�O���T�V�G�ø�D�J�F�O�U���G�P�S���U�I�F���N�P�S�Q�I�P�N�F�U�S�J�D���B�O�E���U�P�Q�P�M�P�H�J�D���B�O�B�M�Z-
sis of vascular and even of microvascular network of different organs. In this study cylindrical 
shaped, NiDAB labelled brain samples of a diameter of half a millimeter were imaged and ana-
lyzed with an effective pixel size of 0.38 µm. Several thousands of tomographic slices build up each 
reconstructed volume meaning that an automatized analysis tool is indispensable. These big data 
sets are processed by the developed algorithms on commercially available PCs with an automated 
image analysis technology in acceptable processing time. The obtained vessel segments are stored 
for further topological and morphometric analyses or surface/volumetric visualization purposes. 
These analyses contain vessel feature distribution analysis followed by 3D reconstruction. The 
obtained results are in accordance to the literature data.

Keywords: image processing, object reconstruction, 3D modelling, micro punching, high 
throughput, vascular network, cerebral cortex

1. Introduction

The knowledge of brain blood circulation is es-
sential to understand the functioning and dis-
eases of the brain. The imaging techniques of 
nowadays is getting more important thanks to 
the increasing quality, resolution and speed of 
image acquisition. Our research focuses on the 
algorithmic development to process these im-
agery, especially on handling large amount of 
images. A very promising imaging technique 
is the X-ray synchrotron tomography (XRST), 
where the synchrotron delivers bright photon 

beam with the possibility to selectively tune the 
�X�B�W�F�M�F�O�H�U�I���U�P���G�V�M�ø�M�M���U�I�F���S�F�R�V�J�S�F�N�F�O�U�T���J�N�Q�P�T�F�E��
by the sample size and its electron density. In 
addition to the attenuation we can also exploit 
the refraction of the X-ray wave-front on the 
interfaces in the sample arising as a conse-
quence of the partial coherence of synchro-
tron X-ray beams.1 This unique combination 
of attenuation and phase contrast is very use-
ful for the studies of the vascular system at the 
micrometer scale. The spatial resolution in the 
three dimensional volumetric representation 
of the sample is isotropic and is determined 
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by the pixel size of the detector, the numeri-
cal aperture of the objective and the phosphor 
screen thickness converting the X-rays to vis-
ible light.2

From the large XRST data sets of micrometer 
resolution, it is reliable to characterize morpho-
metric and topological characteristics of vessels 
networks.3-5 Moreover such data provide vessel 
networks that can be used as a realistic basis 
for a numerical simulation of hemodynamic 
phenomena inside tens of cubic millimeters 
of cerebral cortex, which at the present time 
are not accessible through experimental mea-
surements. XRST is applicable post mortem, 
which is very important in human studies. 
Also, XRST does not require complicated his-
tological processing for vessel visualization. 

The developed complete 3D model is suitable 
for morphometric analysis of vascular network 
of brain tissues. For the reconstruction we de-
veloped software in Matlab environment.

Materials

XRST images were obtained from different 
samples of cerebral cortex of an adult marmo-
set (Callithrix jacchus). The animal was treated 
in accordance with the Guide for the Care and 
Use of Laboratory Animals (National Research 
Council 1996), European Directive 86/609 and 
the guidelines of the local institutional animal 
care and use committee. 

Transcardial perfusion of an aldehyde solu-
tion was applied to preserve brain structure 
and the samples were treated with Avidin Bio-
tin Complex (ABC) protocol (Elite kit, Vector 
Laboratoires, Burlingame, CA 94010, USA) 
�B�O�E���O�J�D�L�F�M���J�O�U�F�O�T�J�ø�F�E���E�J�B�N�J�O�P�C�F�O�[�J�E�J�O�F���	�/�J-
DAB; Sigma-Aldrich, Saint-Quentin Fallavier, 
France) as the chromogen.6 After the NiDAB 
reaction, sample A9 was osmicated (1% OsO4, 
�&�M�F�D�U�S�P�O�� �.�J�D�S�P�T�D�P�Q�Z�� �4�D�J�F�O�D�F�T�
�� �)�B�U�ø�F�M�E�
�� �1�"��

19440, USA) and 5% sucrose in PB for 60 min-
utes). All three samples were dehydrated and 
�J�O�ø�M�U�S�B�U�F�E�� �X�J�U�I�� �S�F�T�J�O�� �B�T�� �E�F�T�D�S�J�C�F�E�� �B�C�P�W�F���� �*�O��
order to contrast x-ray-imaged vessels, barium 
sulfate solution was perfused in the general 
blood circulation in advance of the transcardial 
perfusion, according to the protocol described 
in Plouraboué et al. (2004) and Risser et al. 
(2009).7,4

Method

The samples were imaged at the TOMCAT 
beamline2 of the Swiss Light Source at the 
Paul Scherrer Institut in Switzerland using 
XRST. Monochromatic synchrotron X-rays 
were used for the probing radiation with an 
energy of 10 keV (wavelength of 0.12 nm). The 
X-ray beam traversing the sample produces 
shadow images that were recorded by a CCD 
camera coupled to a scintillator screen through 
�B���N�J�D�S�P�T�D�P�Q�J�D���P�C�K�F�D�U�J�W�F���X�J�U�I���B�������Y���N�B�H�O�J�ø�D�B-
tion. The effective pixel size of the detector 
system was 0.38 µm. The specimens were ro-
tated during acquisition with the axis perpen-
dicular to the X-ray beam direction. With 1501 
radiographic projections the angular range of 
180° was covered in an equidistant manner to 
obtain tomographic images. Each sample con-
sists of 20483 pixels covering a cylinder with a 
height and diameter of 780 µm both. Accord-
ing to the stance and position the unnecessary 
images were removed. Figure 1 shows a small 
detail of the tomographic slices.

According to the size of the specimens each 
examined sample was represented on numer-
ous cross-sections. Because of the high amount 
data manual image processing is not an option. 
The presented method could replace this la-
�C�P�S���J�O�U�F�O�T�J�W�F�
���Z�F�U���J�O�F�G�ø�D�J�F�O�U���X�P�S�L���C�Z���B�V�U�P�N�B�U-
�F�E�� �B�M�H�P�S�J�U�I�N�T�� �V�T�J�O�H�� �Q�S�F�E�F�ø�O�F�E�� �Q�B�S�B�N�F�U�F�S�T����
The parameters are depending on the sample’s 
shape and size, and on the staining method of 
the samples. Also the condition of the sample 
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has to be taken in consideration because the 
samples could have internal cracks, or the sur-
face of the sample could contain dirt particles 
or metal fragments and tissue shreds make it in 
generally rough.

The image processing starts with the seg-
mentation of the vessel cross-sections using 
�Q�S�F�E�F�ø�O�F�E�� �J�O�U�F�O�T�J�U�Z�� �W�B�M�V�F�T���� �5�I�F�� �W�F�T�T�F�M�T�� �I�B�T��
been stained only non-homogenously, there-
fore it needed additional image enhancement 
technics, like local rescaled-range calculation 
(LRRC) that is used generally for texture anal-
ysis.8 This method processes the whole image 
by dividing it into smaller regions, and evalu-
ating the intensity range inside the neighbor-
hood of each pixel. The implementation of the 
LRRC technique supports to detect the texture 
of an image therefore the non-homogenous 
staining process could be compensated. 

�"�G�U�F�S�� �T�F�H�N�F�O�U�B�U�J�P�O�� �O�P�J�T�F�� �ø�M�U�F�S�J�O�H�� �P�S�� �T�B�N�Q�M�F�m�T��
imperfection removal is necessary. A digi-
tal “punch” technique was applied, that cuts 
off the unwanted part from the detected seg-
ments,9 and contain the analysis of statistics of 
each region to remove misassignments. 

The developed method supports two types of 
vessel reconstruction solution: a generalized 
model of the vessels and a surface model of the 
vessels. Both type requires different input data. 

The generalized model contains multiple devel-
oped visualization and analysis procedures, but 
the connection must be established between 
the discrete regions. It has to be determined 
which regions compose a continuous vessel, 
and where bifurcations are located. The de-
veloped method analyzes and collects statistics 
about each vessel cross-section. The centroid’s 
coordinates and the matching semi-minor axis 
lengths of each detected region are used. Each 
centroid is projected to the adjacent tomo-
graphic slices and a search radius is drawn with 
the length of the matching semi-minor axis 
around the projections on the particular slices, 
including one around the centroid itself. Then 
the number of detected centroids inside the 
projected circles is counted, and if there is one 
or more centroids inside, the detected elements 
are supposedly connecting. Each element is 
labeled uniquely, but in case of the connec-
tion is stated between different centroids, all 
�H�F�U�� �U�I�F�� �T�B�N�F�� �J�E�F�O�U�J�ø�D�B�U�J�P�O�� �O�V�N�C�F�S�
�� �U�I�F�S�F�G�P�S�F��
continuous vessel branches could be located. 
At each bifurcation the vessels are partitioned, 
and the labels of the sub-branches differ, so it 
is important to recognize the breakpoints. This 
�J�E�F�O�U�J�ø�D�B�U�J�P�O���N�F�U�I�P�E���Q�S�P�W�J�E�F�T���P�Q�Q�P�S�U�V�O�J�U�Z���U�P��
analyze both vessel cross-section and the con-
nected elements together.10

For the reconstruction of the surface model of 
the vessels, the boundary of each detected ves-

 a) b) c)
Figure 1. Tomographic slices of Sample A9 (a), Sample A12 (b), Sample A14 (c).  

Arrows point to vessel cross-sections
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sel cross-section is extracted. The coordinates 
of each boundary pixel are exported from the 
images resulting in a large, three-dimensional 
data set, where a triangulated irregular net-
�X�P�S�L���	�5�*�/�
���T�V�S�G�B�D�F���J�T���ø�U�U�F�E���	Figure 3).

Results & Discussion

The developed method has been performed on 
several samples processed with XRST compat-
ible histological techniques. NiDAB staining 
resulted in enough parenchymal background 
staining, which allowed the labeling of the ves-
sels. 

Image processing including vessels and 
branching pattern reconstruction is an au-
tomated process. It took 2378 seconds with 
Matlab on a regular PC for a 1135-slice sample 
(A9). The image analysis methodology can 
be taken as of computation requirement of  
2.1 sec/image.

Figure 2 presents the detected boundaries of 
the vessel cross-sections with white outlines, 
on the same images of Figure 1. 

Table 1 presents statistics describing the sam-
ples and the detected vessel structure. Row  
no. (3) shows the number of pixels in the di-
rection parallel to the tomographic rotation 
axis, hence the number of reconstructed to-

mographic slices for the given sample pro-
cessed. Although the sample’s volume maybe 
similar in the different cases (11), the sample 
can be represented on a smaller number of 
tomographic slices depending on the orienta-
tion during the tomographic acquisition. The 
algorithm detects vessel cross-sections (4) on 
each tomographic slice and connects them 
together into separate vessel segments (5). At 
every bifurcation the vessels are partitioned, so 
the vessel segments are obtained with different 
�J�E�F�O�U�J�ø�D�B�U�J�P�O���O�V�N�C�F�S�T�����5�I�F���S�F�T�V�M�U���P�G���W�B�T�D�V�M�B-
ture analysis of sample A12 is shown in Figure 
4. A segment of the tissue was analyzed, and 
three perpendicular cross-sections containing  
200 × 200 × 200 voxels are presented, where 
the voxel size is 0.38 µm × 0.38 µm × 0.38 µm.

The calculation of statistics was software 
based and did not require user interaction. 
Table 1 presents also some derived statisti-
cal data about the vascular morphometry in 
each experimental condition. Vessel segments 
have the meaning of vessel fragments labeled 
uniquely (5). The table indicates the mean- (7) 
�B�O�E�� �M�P�O�H�F�T�U�� �M�F�O�H�U�I�� �	���
�� �P�G�� �U�I�F�� �J�E�F�O�U�J�ø�F�E�� �W�F�T�T�F�M��
segments. Median (10), mean and standard 
deviation (9) of vessels’ diameter are also pre-
sented. The total length (8) and volume (12) of 
the reconstructed vessels are used to evaluate 
the tissue blood supply by calculating the ratio 
of vascular length to the volume of the tissue 

 a) b) c)
Figure 2. Tomographic slices of Sample A9 (a), Sample A12 (b), Sample A14 (c).  

White outlines represents vessel cross-sections
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sample (14) and the volume of vessels relative 
to the tissue sample volume (13). Vessel volume 
is calculated from the number of voxels in each 
vessel cross-section.

This study describes a high throughput auto-
mated process of reconstruction and analyses 

of brain tissue vasculature at high resolution. 
The applied XRST technique doesn’t require 
complicated histological processing. The pres-
ent study also provides evidence for the interest 
to use micro-tomography in brain research, as 
it provides large dataset appropriate for auto-
mated processing in a reasonable time. XRST 

Sample’s name A9 A12 A14

1. Staining method NiDAB, OsO4, Barium
NiDAB, Barium NiDAB, Barium

2. Sample size (cylindrical shape, 
diameter × thickness) [µm] 500 × 60 500 × 90 300 × 90

3. Number of images 1135 915 460

4. Number of detected vessel cross-
sections 6058 8854 2901

5. Number of detected vessel segments 934 2190 843

6. Length of the longest vessel [µm] 69.16 49.02 50.16

7. Mean length of vessel segments [µm] 2.46 ± 5.82 1.54 ± 3.51 1.31 ± 3.81

8. Full length of detected vessels [µm] 2302.04 3364.52 1102.38

9. Vessel diameter (mean ±standard 
deviation) [µm] 3.99 ± 3.14 1.91 ± 2.06 1.43 ± 1.47

10. Median of the vessels’ diameter [µm] 3.37 1.30 1.47

11. Volume of the examined sample [µm3] 11 780 972 17 671 458 6 361 725

12. Total vessel volume [µm3] 235 060.89 176 375.62 53 672.1

13. Relative volume of vessels [%] 2.00 1.00 0.84

14. Tissue supply (vessel length/ tissue 
volume) [µm/ µm3] 1.954 × 10-4 1.904 × 10-4 1.733 × 10-4

 Table 1. Statistical analysis of the examined samples

Figure 3. �4�V�S�G�B�D�F���N�F�T�I�
���ø�U�U�F�E���U�P���U�I�F���W�F�T�T�F�M���C�P�V�O�E�B�S�J�F�T���q���B���E�F�U�B�J�M���P�G���U�I�F���S�F�D�P�O�T�U�S�V�D�U�J�P�O���P�G���T�B�N�Q�M�F���"����
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has a great advantage against multiphoton la-
ser microscopy, scanning electron microscopy 
or optical confocal microscopy, namely this 
technique has excellent spatial resolution in 
the range of micrometer level and has not the 
depth limitation of a few hundreds of microm-
eters.7

Previous studies based on XRST of vessel used 
barium staining. However, inherent of the pro-
cess is the uncertainty of complete perfusion 
�F�T�Q�F�D�J�B�M�M�Z�� �P�G�� �U�I�F�� �ø�O�F�� �W�F�T�T�F�M�� �C�S�B�O�D�I�F�T�� �C�Z�� �U�I�F��
barium staining suspension. This is a major 
�P�C�T�U�B�D�M�F���J�O���T�U�V�E�Z�J�O�H���U�I�F���ø�O�F�T�U���C�S�B�O�D�I�F�T�
���X�I�J�D�I��
are the most vulnerable in clinical conditions. 

However, the distribution of the vessels is not 
homogeneous at a small scale,3 whose size is 
close to the thickness of the sample (50-60 µm). 
Therefore situation may be different from one 
sample to another, independently of the stain-
ing method.

Concerning the morphometry data, our re-
sults are similar to those published previously. 
The vascular length (tissue supply) is compa-
rable, but smaller: 269 mm/mm3 in marmoset 
monkeys;4 our values are between 173 and  

195 mm/mm3. The relative volumes of vessels 
are also similar to the literature, where 2.5% 
�T�U�B�O�E�T�� �B�H�B�J�O�T�U�� �P�V�S�� �ø�O�E�J�O�H�� �P�G�� ������������������ �5�I�F��
longest vessel segment lengths are also very 
close to the literature: our values are between 
49 and 69 µm.4

There is a strong evidence that changes in pa-
rameters such as vessel diameter, tortuosity 
and density are related to the disease in large 
vessels,11-15 few results are reported at the mi-
croscopic scale.11,16  Therefore it is interesting 
to develop a multiscale approach and innova-
tive quantitative analysis tools to characterize 
the capillary networks at different steps of the 
disease progression in the brain.

�4�V�N�N�B�S�J�[�J�O�H�� �U�I�F�� �C�F�O�F�ø�U�T�� �P�G�� �U�I�F�� �E�F�W�F�M�P�Q�F�E��
method, we would highlight the following 
features:
 - suitable on commercially available PCs (no 
need for high performance computers),
 - automated image analysis technology (no 
need for manual work of human operators),
 - acceptable processing time (required process-
ing time is ~2 seconds per image).

 a) b)
Figure 4. Vascularity analysis. Sample A12 with highlighted vessels (black outlines) (a) and an analyzed 

part in detail (b). The gray scale shows the distance of any point of the tissue from the vessels. The vessels’ 
boundaries are presented in red. This analysis shows that the largest distance between any point of the 
tissue and the closest vessel is around 50µm. The coordinates and the color bar are in µm (voxel size  

0.38 µm × 0.38 µm × 0.38 µm, and 200 × 200 × 200 voxels are represented)
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Numerical analyzing of the surgical method related to the sclera

Abstract
�5�I�F���I�V�N�B�O���F�Z�F���J�T���P�O�F���P�G���U�I�F���N�P�T�U���J�N�Q�P�S�U�B�O�U���T�F�O�T�P�S�Z���P�S�H�B�O�T�
���U�I�V�T���X�F���O�F�F�E���Q�B�Z���B�U�U�F�O�U�J�P�O���U�P���L�F�F�Q��
�I�F�B�M�U�I�Z���J�U���E�V�S�J�O�H���U�I�F���X�I�P�M�F���M�J�G�F�����/�P�X�B�E�B�Z�T���U�I�F�S�F���B�S�F���M�P�U�T���P�G���P�Q�Q�P�S�U�V�O�J�U�J�F�T���U�P���S�F�N�F�E�Z���U�I�F���F�Z�F���E�J�T-
�F�B�T�F�T�
���T�V�D�I���B�T���E�J�G�G�F�S�F�O�U���U�Z�Q�F���P�G���F�Z�F�H�M�B�T�T�F�T���P�S���T�V�S�H�F�S�J�F�T�����0�O�F���P�G���U�I�F���N�F�O�U�J�P�O�F�E���T�V�S�H�F�S�J�F�T���S�F�M�B�U�F�T���U�P��
�U�I�F���T�D�M�F�S�B���P�G���U�I�F���F�Z�F�����5�I�J�T���Q�S�P�D�F�E�V�S�F���J�T���B���T�V�S�H�J�D�B�M���U�F�D�I�O�J�R�V�F���Q�F�S�G�P�S�N�F�E���X�J�U�I���P�Q�I�U�I�B�M�N�J�D���M�B�T�F�S���U�P��
�S�F�T�U�P�S�F���U�I�F���B�D�D�P�N�N�P�E�B�U�J�P�O���P�G���U�I�F���F�Z�F���B�O�E���U�F�S�N�J�O�B�U�F���Q�S�F�T�C�Z�P�Q�J�B�����*�O���U�I�J�T���Q�B�Q�F�S���X�F���B�O�B�M�Z�T�F�E���U�I�J�T��
�T�V�S�H�J�D�B�M���U�F�D�I�O�J�R�V�F���J�O���C�J�P�N�F�D�I�B�O�J�D�B�M���Q�P�J�O�U���P�G���W�J�F�X���C�B�T�F�E���P�O���B���ø�O�J�U�F���F�M�F�N�F�O�U���O�V�N�F�S�J�D�B�M���N�P�E�F�M����
�5�I�F���S�F�T�V�M�U�T���Q�S�F�T�F�O�U�F�E���J�O���U�I�J�T���T�U�V�E�Z���X�F�S�F���C�B�T�F�E���P�O���U�I�F���O�V�N�F�S�J�D�B�M���P�V�U�D�P�N�F�T��

Keywords:���I�V�N�B�O���F�Z�F�
���T�D�M�F�S�B�
���'�&�
���O�V�N�F�S�J�D�B�M���N�P�E�F�M�
���N�J�D�S�P�F�Y�D�J�T�J�P�O�T

1. Bevezetés

�"�[�� �F�N�C�F�S�� �Ð�U�� �Ã�S�[�Ã�L�T�[�F�S�W�W�F�M�� �S�F�O�E�F�M�L�F�[�J�L�
�� �Ô�H�Z-
�N�J�O�U�� �M�»�U�»�T�
�� �U�B�Q�J�O�U�»�T�
�� �I�B�M�M�»�T�
�� �T�[�B�H�M�»�T�
�� �Ç�[�Ã�S�[�Ã-
�L�F�M�Ã�T���� �&�[�F�L�� �L�Ð�[�Ö�M�� �B�� �M�»�U�»�T�� �B�[�
�� �B�N�J�O�F�L�� �L�J�F�N�F�M�U��
�K�F�M�F�O�U�å�T�Ã�H�F�� �W�B�O�
�� �N�J�W�F�M�� �F�[�� �B�[�� �F�H�Z�J�L�� �M�F�H�U�Ð�C�C�F�U��
�I�B�T�[�O�»�M�U�� �B�� �U�Ð�C�C�J�� �L�Ð�[�Ö�M���� �&�C�C�å�M�� �B�[�� �P�L�C�Í�M�� �L�J�G�P-
�M�Z�Í�M�B�H�� �L�J�F�N�F�M�U�� �K�F�M�F�O�U�å�T�Ã�H�F�� �W�B�O�� �B�� �T�[�F�N�� �I�F�M�Z�F�T��
�N�é�L�Ð�E�Ã�T�F���F�H�Ã�T�[���Ã�M�F�U�F�O���»�U���U�B�S�U�Í���N�F�H�å�S�[�Ã�T�Ã�O�F�L����

�"�[���F�N�C�F�S�J���T�[�F�N�O�F�L���T�P�L�G�B�K�U�B���C�F�U�F�H�T�Ã�H�F���M�Ã�U�F�[�J�L�
��
�Ç�H�Z���T�P�L�G�Ã�M�F���N�é�U�Ã�U�J���F�M�K�»�S�»�T���J�T�N�F�S�U�
���B�N�F�M�Z���B�[���Ã�M�F�T��
�M�»�U�»�T�� �G�F�O�O�U�B�S�U�»�T�»�I�P�[�
�� �W�J�T�T�[�B�»�M�M�Ç�U�»�T�»�I�P�[�� �O�Z�Ô�K�U��
�T�F�H�Ç�U�T�Ã�H�F�U��1,2�� �"�� �T�[�F�N�� �C�F�U�F�H�T�Ã�H�F�J�� �L�Ð�[�Ö�M�� �L�J�F�N�F�M�U��
�K�F�M�F�O�U�å�T�Ã�H�F�� �W�B�O�� �B�[�� �Ð�S�F�H�T�[�F�N�é�T�Ã�H�O�F�L�
�� �W�B�H�Z��
�N�»�T�� �O�Ã�W�F�O��presbyopiá�O�B�L�
�� �B�N�J�� �B�� �T�[�F�N�M�F�O�D�T�F��
�B�M�L�B�M�N�B�[�L�P�E�Í�L�Ã�Q�F�T�T�Ã�H�Ã�O�F�L�� �I�J�»�O�Z�B�� �J�E�å�T�F�C�C��
�L�P�S�C�B�O�
3,4�� �»�M�U�B�M�»�C�B�O�� ������ �Ã�W�� �G�F�M�F�U�U�� �	�B�M�L�B�M�N�B�[�L�P-
�E�Í�L�Ã�Q�F�T�T�Ã�H�F�O�� �B�� �T�[�F�N�Ö�O�L�C�F�O�� �M�F�[�B�K�M�Í�� �U�»�W�P�M�C�Í�M��
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�L�Ð�[�F�M�S�F�� �G�Í�L�V�T�[�»�M�»�T�� �G�P�M�Z�B�N�B�U�»�U�� �Ã�S�U�K�Ö�L��5�
���� �"�[��
�Ð�S�F�H�T�[�F�N�é�T�Ã�H���L�F�[�F�M�Ã�T�Ã�S�F���J�T���M�Ã�U�F�[�J�L���U�Ð�C�C�G�Ã�M�F���F�M-
�K�»�S�»�T�
�� �N�J�O�U�� �Q�Ã�M�E�»�V�M�� �B�[�� �Ç�O�I�»�S�U�Z�»�C�B�� �T�[�F�N�Ã�T�[�F�U�J��
�M�Ã�[�F�S�S�F�M�� �F�M�I�F�M�Z�F�[�F�U�U�� �N�J�L�S�P�N�Ã�U�F�S�� �O�B�H�Z�T�»�H�S�F�O�E��
�N�Ã�S�F�U�é�� �M�Z�V�L�B�L�� �F�M�I�F�M�Z�F�[�Ã�T�F��4�� �&�[�[�F�M�� �B�� �N�Í�E-
�T�[�F�S�S�F�M�� �B�� �G�F�M�U�B�M�»�M�Í�L�� �B�� �T�[�F�N�� �U�F�S�N�Ã�T�[�F�U�F�T�� �Ð�S�F�H�F-
�E�Ã�T�Ã�O�F�L�
�� �N�F�S�F�W�F�E�Ã�T�Ã�O�F�L1,3,4�� �I�B�U�»�T�»�U�� �B�L�B�S�U�»�L��
�L�P�S�S�J�H�»�M�O�J�
�� �Ã�T�� �B�� �U�F�S�N�Ã�T�[�F�U�F�T�� �B�M�L�B�M�N�B�[�L�P�E�Í�L�Ã-
�Q�F�T�T�Ã�H�Ã�U��(akkomodációját)�� �B�� �T�[�F�N�M�F�O�D�T�Ã�O�F�L��
�W�J�T�T�[�B�»�M�M�Ç�U�B�O�J�
�� �I�P�H�Z�� �M�F�I�F�U�å�M�F�H�� �O�F�� �L�F�M�M�K�F�O�� �B�� �Q�»-
�D�J�F�O�T�O�F�L���T�[�F�N�Ö�W�F�H���T�F�N���P�M�W�B�T�»�T�I�P�[�
���T�F�N���Q�F�E�J�H��
�U�»�W�P�M�C�B�� �O�Ã�[�Ã�T�I�F�[���� �"�� �N�Í�E�T�[�F�S�� �M�Ã�O�Z�F�H�F�
�� �I�P�H�Z��
�&�S���:�"�(�� �J�O�G�S�B�W�Ð�S�Ð�T�� �U�B�S�U�P�N�»�O�Z�C�B�� �F�T�å�� �Q�S�F�D�Ç�[�J�Í�T��
�T�[�F�N�Ã�T�[�F�U�J���M�Ã�[�F�S���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���B�[���Ç�O�I�»�S�U�Z�B���O�Ã�H�Z��
�L�Ö�M�Ð�O�C�Ð�[�å���T�[�F�H�N�F�O�T�Ã�C�F���Ð�T�T�[�F�T�F�O�������±�����
���B�[�B�[��
�������E�B�S�B�C�����������•�N���»�U�N�Ã�S�å�K�é���M�Z�V�L�B�U���Ã�H�F�U�O�F�L�
���N�F-
�M�Z�F�L�� �B�[�� �Ç�O�I�»�S�U�Z�B�� �N�Ã�M�Z�T�Ã�H�Ã�O�F�L���|���������J�H�� �C�F�I�B-
�U�P�M�O�B�L��4���&�[�[�F�M���B�[���F�M�K�»�S�»�T�T�B�M���B���L�P�S�S�B�M���N�F�S�F�W�F�E�å��
�Ç�O�I�»�S�U�Z�»�C�B�O���b�H�F�P�N�F�U�S�J�B�J���M�»�H�Z�Ç�U�»�T�U�o���W�J�T�[�O�F�L���C�F�
��
�B�N�F�M�Z���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���B�[���F�E�E�J�H�J���L�V�U�B�U�»�T�P�L���B�M�B�Q�K�»�O��
�B���T�[�F�N�M�F�O�D�T�F���B�M�L�B�M�N�B�[�L�P�E�»�T�J���T�[�Ã�M�F�T�T�Ã�H�Ã�U���U�B�S�U�Í-
�T�B�O�� �»�U�M�B�H�P�T�B�O���|���
���� �E�J�P�Q�U�S�J�»�W�B�M�� �U�V�E�U�»�L�� �O�Ð�W�F�M�O�J��
�	�B�M�L�B�M�N�B�[�L�P�E�»�T�J�� �T�[�Ã�M�F�T�T�Ã�H�F�O�� �J�U�U�� �B�� �T�[�F�N�M�F�O�D�T�F��
�L�Ð�[�F�M�S�F�� �Ã�T�� �U�»�W�P�M�S�B�� �O�Ã�[�å�� �»�M�M�B�Q�P�U�»�I�P�[�� �U�B�S�U�P�[�Í��
�E�J�P�Q�U�S�J�B�Ã�S�U�Ã�L�F�L�� �L�Ö�M�Ð�O�C�T�Ã�H�Ã�U�� �Ã�S�U�K�Ö�L�
���� �"�[�� �F�E�E�J�H��
�W�J�[�T�H�»�M�U���Q�»�D�J�F�O�T�F�L���»�U�M�B�H�Ã�M�F�U�L�P�S�B�������
�����Ã�W���W�P�M�U���Ã�T��
�P�C�K�F�L�U�Ç�W���N�Ã�S�Ã�T�T�F�M���	�B�C�F�S�S�P�N�Ã�U�F�S�S�F�M�
���»�M�M�B�Q�Ç�U�P�U�U�»�L��
�N�F�H���B���C�F�U�F�H�F�L���B�L�L�P�N�P�E�»�D�J�Í�T���T�[�Ã�M�F�T�T�Ã�H�Ã�U���B���N�é-
�U�Ã�U���F�M�å�U�U���Ã�T���V�U�»�O��4 

�&�O�O�F�L�� �B�� �S�Ð�W�J�E�F�O�� �J�T�N�F�S�U�F�U�F�U�U�� �N�é�U�Ã�U�J�� �C�F�B�W�B�U�L�P-
�[�»�T�O�B�L�� �B�� �C�J�P�N�F�D�I�B�O�J�L�B�J�� �W�J�[�T�H�»�M�B�U�»�U�� �U�é�[�U�Ö�L�� �L�J��

�D�Ã�M�V�M�� �W�Ã�H�F�T�F�M�F�N���N�Í�E�T�[�F�S�� �T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���� �"�[�� �F�M-
�K�»�S�»�T���F�M�F�N�[�Ã�T�Ã�O���U�Ô�M���B���N�F�H�M�Ã�W�å���H�F�P�N�F�U�S�J�»�O�B�L���B��
�N�Í�E�P�T�Ç�U�»�T�»�S�B�� �J�T�� �L�Ç�T�Ã�S�M�F�U�F�U�� �U�F�U�U�Ö�O�L�� �B�� �N�Ã�H�� �L�F�E-
�W�F�[�å�C�C���B�M�L�B�M�N�B�[�L�P�E�»�T�J���T�[�Ã�M�F�T�T�Ã�H���F�M�Ã�S�Ã�T�F���Ã�S�E�F-
�L�Ã�C�F�O��

2. Módszerek

�"�I�P�H�Z�� �B�� �C�F�W�F�[�F�U�å�C�F�O�� �F�N�M�Ç�U�F�U�U�Ö�L�
�� �W�Ã�H�F�T�F�M�F�N��
�N�Í�E�T�[�F�S�U�� �B�M�L�B�M�N�B�[�Í�� �O�V�N�F�S�J�L�V�T�� �N�P�E�F�M�M�� �T�F-
�H�Ç�U�T�Ã�H�Ã�W�F�M�� �W�J�[�T�H�»�M�U�V�L�� �B�[�� �F�N�M�Ç�U�F�U�U�� �N�é�U�Ã�U�J�� �F�M�K�»-
�S�»�T�U�� �"�/�4�:�4�� ������ �Q�S�P�H�S�B�N�S�F�O�E�T�[�F�S�� �T�F�H�Ç�U�T�Ã�H�Ã�W�F�M����
�"�M�B�Q�W�F�U�å�F�O�� �B�� �L�P�S�»�C�C�J�� �N�V�O�L�»�J�O�L�O�»�M�� �N�»�S�� �B�M-
�L�B�M�N�B�[�P�U�U�� �L�P�N�Q�M�F�Y�� �O�V�N�F�S�J�L�V�T�� �N�P�E�F�M�M�Ö�O-
ket3 �I�B�T�[�O�»�M�U�V�L�� �F�O�O�F�L�� �B�� �N�é�U�Ã�U�J�� �F�M�K�»�S�»�T�O�B�L�� �B�[��
�F�M�F�N�[�Ã�T�Ã�S�F�
���N�J�W�F�M���N�B�H�»�U���B���N�P�E�F�M�M�U���L�J�G�F�K�F�[�F�U�U�F�O��
�J�M�Z�F�O�� �Ã�T�� �F�I�I�F�[�� �I�B�T�P�O�M�Í�� �T�[�F�N�T�F�C�Ã�T�[�F�U�J�� �D�Ã�M�P�L��
�C�J�P�N�F�D�I�B�O�J�L�B�J���N�P�E�F�M�M�F�[�Ã�T�Ã�S�F���G�F�K�M�F�T�[�U�F�U�U�Ö�L���L�J��

2.1. Végeselemes numerikus modell

�"�[�� �F�N�M�Ç�U�F�U�U�� �L�P�S�»�C�C�J�� �N�V�O�L�»�O�L�C�B�O3�� �T�[�F�S�F�Q�M�å��
�L�P�N�Q�M�F�Y�� �N�P�E�F�M�M�C�F�O�� �ø�H�Z�F�M�F�N�C�F�� �W�F�U�U�Ö�O�L�� �N�J�O-
�E�F�O���C�J�P�N�F�D�I�B�O�J�L�B�J���T�[�F�N�Q�P�O�U�C�Í�M���G�P�O�U�P�T���P�M�Z�B�O��
�B�M�L�P�U�Í�F�M�F�N�F�U�
���B�N�J���W�Ã�M�F�N�Ã�O�Z�Ö�O�L���T�[�F�S�J�O�U���B�[���B�L-
�L�P�N�P�E�»�D�J�Í�U�� �C�F�G�P�M�Z�»�T�P�M�K�B���� �.�J�W�F�M�� �B�� �Q�S�F�T�C�Z�P�Q�J�B��
�������Ã�W�F�T���L�P�S���G�F�M�F�U�U���K�F�M�F�O�U�L�F�[�J�L���»�M�U�B�M�»�C�B�O�
���F�[�Ã�S�U���B��
�N�P�E�F�M�M���H�M�P�C�»�M�J�T���H�F�P�N�F�U�S�J�B�J���Ã�T���B�O�Z�B�H�J���Q�B�S�B�N�Ã�U�F-
�S�F�J�I�F�[���B�[���������Ã�W�F�T���L�P�S�I�P�[���U�B�S�U�P�[�Í���Ã�S�U�Ã�L�F�L�F�U���W�F�U-
�U�Ö�L���G�F�M���C�F�N�F�O�å���B�E�B�U�P�L�O�B�L���B���S�F�G�F�S�F�O�D�F3���B�M�B�Q�K�»�O����
�"�I�P�H�Z���B�[�U���M�»�U�O�J���G�P�H�K�V�L�
���B�[���F�S�F�E�N�Ã�O�Z�F�L���L�J�Ã�S�U�Ã-
�L�F�M�Ã�T�Ã�O�Ã�M�� �L�J�U�Ö�O�U�F�U�F�U�U�� �T�[�F�S�F�Q�F�� �W�B�O�� �B�� �T�[�F�N�M�F�O-

1. ábra. �"���N�é�U�Ã�U�J���C�F�B�W�B�U�L�P�[�»�T�O�B�L���N�F�H�G�F�M�F�M�å���N�Í�E�P�T�Ç�U�P�U�U���F�S�F�E�F�U�J���H�F�P�N�F�U�S�J�B
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�D�T�Ã�O�F�L�
���F�[�Ã�S�U���F�S�S�å�M���B���S�Ã�T�[�Ã�S�å�M���B���N�P�E�F�M�M�Ö�O�L�O�F�L��
�S�Ã�T�[�M�F�U�F�T�F�C�C�F�O���T�[�Í�M�V�O�L�����"���T�[�F�N�M�F�O�D�T�F���B�M�B�L�K�»�U���B��
�L�P�N�Q�M�F�Y���N�P�E�F�M�M�C�F�O���B���L�Ð�W�F�U�L�F�[�å���G�Ö�H�H�W�Ã�O�Z���T�F-
�H�Ç�U�T�Ã�H�Ã�W�F�M���W�F�U�U�Ö�L���ø�H�Z�F�M�F�N�C�F��6

�"�[��1. ábra���N�V�U�B�U�K�B���N�F�U�T�[�F�U�C�F�O���Ã�T���F�M�Ð�M�O�Ã�[�F�U�C�F�O��
�B���N�é�U�Ã�U�J���F�M�K�»�S�»�T�O�B�L���N�F�H�G�F�M�F�M�å���������E�B�S�B�C���M�Z�V�L�B�U��
�B�[�� �Ç�O�I�»�S�U�Z�B�� �O�Ã�H�Z�� �L�Ö�M�Ð�O�C�Ð�[�å�� �T�[�F�H�N�F�O�T�Ã�C�F�O�� �B��
�T�[�B�S�V�I�»�S�U�Z�B�� �L�Ð�[�F�M�Ã�C�F�O���� �"�� �M�Z�V�L�B�L�� �N�Ã�M�Z�T�Ã�H�F�� �B�[��
�Ç�O�I�»�S�U�Z�B�� �W�B�T�U�B�H�T�»�H�»�O�B�L�� ���������B�
�� �B�I�P�H�Z�� �B�[�� �B�[��
�F�S�F�E�F�U�J�� �N�é�U�Ã�U�J�� �F�M�K�»�S�»�T�� �H�F�P�N�F�U�S�J�B�J�� �L�J�B�M�B�L�Ç�U�»�T�»-
�C�B�O���J�T�N�F�S�U�F�U�W�F���W�B�O��4 A 2. ábra mutatja a nume-
�S�J�L�V�T���N�P�E�F�M�M���U�P�W�»�C�C�J���S�Ã�T�[�M�F�U�F�J�U�
3���B�[���Ç�O�I�»�S�U�Z�»�U�
���B��
�T�[�B�S�V�I�»�S�U�Z�»�U�
���B���T�[�F�N�M�F�O�D�T�Ã�U���	�U�P�L�P�U�
���L�Ã�S�H�F�U�
���N�B-
�H�P�U�
�
�� �B�[�� �Ö�W�F�H�U�F�T�U�F�U�
�� �B�� �M�F�O�D�T�F�G�Ö�H�H�F�T�[�U�å�� �S�P�T�U�P�L�B�U��
�Ã�T�� �B�� �T�V�H�»�S�U�F�T�U�F�U�
�� �T�U�C���� �"�� �T�V�H�»�S�J�[�P�N�S�B�� �I�F�M�Z�F�[�F�U�U��
�T�V�H�»�S�J�S�»�O�Z�Ô�� �F�S�å�W�F�M�� �N�P�E�F�M�M�F�[�U�Ö�L�� �B�[�� �B�M�L�B�M�N�B�[-
�L�P�E�»�T�J�� �G�P�M�Z�B�N�B�U�P�U��3�� �.�F�H�W�J�[�T�H�»�M�U�V�L�� �B�� �M�F�O�D�T�F��
�E�F�G�P�S�N�»�D�J�Í�K�»�U�� �B�[�� �F�S�F�E�F�U�J�� �J�O�U�B�L�U�� �Ã�T�� �B�� �M�Z�V�L�B�L�B�U��
�U�B�S�U�B�M�N�B�[�Í�� �H�F�P�N�F�U�S�J�»�L�� �F�T�F�U�Ã�C�F�O���� �"�[�� �F�S�F�E�F�U�J��
�N�é�U�Ã�U�J���F�M�K�»�S�»�T���H�F�P�N�F�U�S�J�»�K�»�O���	1. ábra�
���G�F�M�Ö�M���L�Ã�U�
��
�N�»�T�J�L�� �G�B�K�U�B�� �M�Z�V�L�B�L�L�B�M�� �H�Z�F�O�H�Ç�U�F�U�U�� �H�F�P�N�F�U�S�J�»�U�� �J�T��
�F�M�F�N�F�[�U�Ö�O�L���	�L�P�O�D�F�O�U�S�»�M�U���M�Z�V�L�B�L�
���G�P�M�Z�U�P�O�P�T���M�Z�V-
�L�B�L�
�
���B�N�F�M�Z�F�L�S�å�M���B�[���F�S�F�E�N�Ã�O�Z�F�L���Ã�S�U�Ã�L�F�M�Ã�T�Ã�O�Ã�M��
�T�[�Í�M�V�O�L���S�Ã�T�[�M�F�U�F�T�F�O�����3�F�O�E�F�M�L�F�[�Ã�T�Ö�O�L�S�F���»�M�M�U���B�[��
�B�L�L�P�N�P�E�»�M�U�� �	�L�J�J�O�E�V�M�Í�
�� �»�M�M�B�Q�P�U�Ô�� �M�F�O�D�T�F�
�� �Ã�T�� �F�[�U��
�E�F�G�P�S�N�»�M�U�V�L���B���U�»�W�P�M�C�B���O�Ã�[�å���»�M�M�B�Q�P�U�C�B���F�H�Z�G�B�K�U�B��
�b�J�O�W�F�S�[�o���B�L�L�P�N�P�E�»�D�J�Í�T���U�F�D�I�O�J�L�»�W�B�M�
���B�N�J�U���U�Ð�C�C��
�T�[�F�S�[�å���J�T���B�M�L�B�M�N�B�[�P�U�U���N�»�S���N�V�O�L�»�J�C�B�O�����
��������

�"�[�� ������ �U�»�C�M�»�[�B�U�� �U�B�S�U�B�M�N�B�[�[�B�� �B�� �L�Ö�M�Ð�O�C�Ð�[�å�� �F�T�F-
�U�F�L�I�F�[�� �U�B�S�U�P�[�Í�� �W�Ã�H�F�T�F�M�F�N�� �T�[�»�N�P�L�B�U���� �&�C�C�F�O�� �B��
�U�»�C�M�»�[�B�U�C�B�O�� �B�[�� �V�U�P�M�T�Í�� �I�»�S�P�N�� �F�T�F�U�I�F�[�� �M�Ã�O�Z�F�H�F-
�T�F�O���O�B�H�Z�P�C�C���F�M�F�N�T�[�»�N���U�B�S�U�P�[�J�L�
���N�J�W�F�M���F�[�F�L�O�Ã�M��
�B�� �T�[�»�N�Ç�U�»�T�P�L�O�»�M�� �B�[�� �Ç�O�I�»�S�U�Z�»�C�B�O�� �B�M�L�B�M�N�B�[�P�U�U��
�M�Z�V�L�B�L�� �L�Ð�S�O�Z�F�[�F�U�Ã�C�F�O�� �B�� �W�Ã�H�F�T�F�M�F�N�� �I�»�M�Í�U�� �T�é-
�S�Ç�U�F�O�J�� �L�F�M�M�F�U�U�� �B�� �H�F�P�N�F�U�S�J�B�J�� �ø�O�J�U�J�[�»�M�»�T�� �T�P�S�»�O�� �	2. 
ábra�
���� �"�� �M�Z�V�L�B�L�� �L�Ð�S�O�Z�F�[�F�U�Ã�C�F�O�� �B�M�L�B�M�N�B�[�P�U�U��
�U�P�W�»�C�C�J�� �M�P�L�»�M�J�T�� �I�»�M�Í�T�é�S�Ç�U�Ã�T�� �O�F�N�� �P�L�P�[�P�U�U�� �T�[�»-
�N�P�U�U�F�W�å�� �W�»�M�U�P�[�»�T�U�� �B�� �M�F�O�D�T�F�� �E�F�G�P�S�N�»�D�J�Í�K�»�C�B�O�� �B��
�W�J�[�T�H�»�M�B�U�P�L�� �T�P�S�»�O�
�� �F�[�Ã�S�U�� �B�[��1. táblázat�C�B�O�� �L�Ð-
�[�Ð�M�U���F�M�F�N�T�[�»�N�P�L�B�U���I�B�T�[�O�»�M�U�V�L��

Eset Elemszám [db]

Intakt 237 668

�&�S�F�E�F�U�J���H�F�P�N�F�U�S�J�B ��������������

�,�P�O�D�F�O�U�S�»�M�U���M�Z�V�L�B�L ��������������

�'�P�M�Z�U�P�O�P�T���M�Z�V�L�B�L ��������������

2.2 Az eredmények kiértékelésének menete

�"�I�I�P�[�
�� �I�P�H�Z�� �B�[�� �B�M�L�B�M�N�B�[�L�P�E�Í�L�Ã�Q�F�T�T�Ã�H�� �G�P-
�M�Z�B�N�B�U�»�U�� �F�M�F�N�F�[�O�J�� �U�V�E�K�V�L�
�� �T�[�Ö�L�T�Ã�H�Ö�O�L�� �W�P�M�U�� �B��
�T�[�F�N�M�F�O�D�T�F�� �U�F�O�H�F�M�Z�Ã�C�F�O�� �Ã�S�U�F�M�N�F�[�F�U�U�� �E�J�P�Q�U�S�J-
�»�K�»�S�B�� �	central optical power: COP�
�� �U�»�W�P�M�C�B�� �Ã�T��
�L�Ð�[�F�M�S�F���G�Í�L�V�T�[�»�M�Í���q���B�[�B�[���B���L�F�[�E�F�U�J���Ã�T���B���E�F�G�P�S-
�N�»�M�U�� �q�� �»�M�M�B�Q�P�U�C�B�O�
�� �M�»�T�E�� �B��2. egyenletet�
�� �B�I�P�M��ra 
�Ã�T��rp���B���M�F�O�D�T�F���F�M�Ö�M�T�å���Ã�T���I�»�U�V�M�T�Í���G�F�M�T�[�Ç�O�Ã�O�F�L���H�Ð�S-
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1 sincossinsin)( (1)

2. ábra. �"���L�P�N�Q�M�F�Y���N�P�E�F�M�M���U�P�W�»�C�C�J���S�Ã�T�[�M�F�U�F�J�
���N�F�U�T�[�F�U���Ã�T���B���W�Ã�H�F�T�F�M�F�N�F�T���I�»�M�Í���B���M�Z�V�L�B�L���L�Ð�S�O�Z�F�[�F�U�Ã�C�F�O

1. táblázat. �"���L�Ö�M�Ð�O�C�Ð�[�å���F�T�F�U�F�L�C�F�O���B�M�L�B�M�N�B�[�P�U�U��
�F�M�F�N�T�[�»�N�P�L
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�C�Ö�M�F�U�J���T�V�H�B�S�B�
��nl���Ã�T��np���B���M�F�O�D�T�F���Ã�T���B���D�T�B�S�O�P�L�W�Ç�[��
�U�Ð�S�Ã�T�N�V�U�B�U�Í�K�B���Ã�T��t���B���M�F�O�D�T�F���W�B�T�U�B�H�T�»�H�B�����"���$�0�1��
�T�[�»�N�Ç�U�»�T�»�I�P�[���T�[�Ö�L�T�Ã�H�Ö�O�L���W�P�M�U���B���M�F�O�D�T�F���U�F�O�H�F-
�M�Z�Ã�C�F�O�� �Ã�S�U�F�M�N�F�[�F�U�U���F�M�Ö�M�T�å�� �Ã�T��hátulsó�� �H�Ð�S�C�Ö�M�F�U�J��
�W�J�T�[�P�O�Z�P�L�S�B�
�� �N�J�O�E�� �B�[�� �B�L�L�P�N�P�E�»�M�U�� �	�L�F�[�E�F�U�J�
�
��
�N�J�O�E���B���U�»�W�P�M�C�B���O�Ã�[�å���	�E�F�G�P�S�N�»�M�U�
���F�T�F�U�C�F�O�����&�I-
�I�F�[���B���M�F�O�D�T�F���T�[�J�N�N�F�U�S�J�B�T�Ç�L�K�»�C�B�O���q���B���L�F�[�E�F�U�J���Ã�T��
�B���E�F�G�P�S�N�»�M�U���»�M�M�B�Q�P�U�C�B�O���F�H�Z�B�S�»�O�U���q���Q�P�M�J�O�P�N�J�»�M�J�T��
�S�F�H�S�F�T�T�[�J�Í�U���B�M�L�B�M�N�B�[�U�V�L���B���O�V�N�F�S�J�L�V�T���T�[�»�N�Ç�U�»�T��
�W�Ã�H�F�T�F�M�F�N�F�J�O�F�L�� �q�� �L�F�[�E�F�U�J�� �Ã�T�� �E�F�G�P�S�N�»�M�U�� �q�� �D�T�P-
�N�Í�Q�P�O�U�J���L�P�P�S�E�J�O�»�U�»�J�S�B��

�"�� �M�F�O�D�T�F�� �G�F�M�Ö�M�F�U�Ã�O�� �B�[�P�L�B�U�� �B�� �D�T�P�N�Í�Q�P�O�U�P�L�B�U�� �Ã�T��
�D�T�P�N�Í�Q�P�O�U�J�� �F�M�N�P�[�E�V�M�»�T�P�L�B�U�� �W�J�[�T�H�»�M�U�V�L�
�� �B�N�F-
�M�Z�F�L�� �B�� �M�F�O�D�T�F�� �U�F�O�H�F�M�Z�Ã�O�F�L�� ���� �N�N���F�T�� �L�Ð�S�O�Z�F�[�F-
�U�Ã�C�F�� �F�T�U�F�L���� �"�� �M�F�O�D�T�F�� �G�F�M�Ö�M�F�U�J�� �D�T�P�N�Í�Q�P�O�U�K�B�J�S�B��
�J�M�M�F�T�[�L�F�E�å�� �Q�P�M�J�O�P�N�P�L�B�U�� �B�� �M�F�H�L�J�T�F�C�C�� �O�Ã�H�Z�[�F�U�F�L��
�N�Í�E�T�[�F�S�Ã�O�F�L���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���I�B�U�»�S�P�[�U�V�L���N�F�H�����"�[��
�F�S�F�E�F�U�J�� �L�J�J�O�E�V�M�Í�� �	�L�Ð�[�F�M�S�F�� �O�Ã�[�å�
�� �M�F�O�D�T�F�� �G�F�M�T�[�Ç-
�O�Ã�O�F�L�� �G�Ö�H�H�W�Ã�O�Z�F6�� �B�E�P�U�U�� �B�� �M�F�O�D�T�F�� �T�[�J�N�N�F�U�S�J�B-
�T�Ç�L�K�»�C�B�O���	1. egyenlet�
�����&�C�C�å�M���L�J�G�P�M�Z�Í�M�B�H���B���M�F�O�D�T�F��
�H�Ð�S�C�Ö�M�F�U�J���G�Ö�H�H�W�Ã�O�Z�F���T�[�»�N�Ç�U�I�B�U�Í���B��3. egyenlet is-
�N�F�S�U���G�P�S�N�V�M�»�K�»�W�B�M���� ���B���L�J�J�O�E�V�M�»�T�J���»�M�M�B�Q�P�U�C�B�O�����"��
�H�Ð�S�C�Ö�M�F�U�J���G�Ö�H�H�W�Ã�O�Z���S�F�D�J�Q�S�P�L�B���B���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S��
�G�Ö�H�H�W�Ã�O�Z�F��

�&�[�U���B��3. ábra �T�[�F�N�M�Ã�M�U�F�U�J�
���B�N�J�O���B�[���F�S�F�E�F�U�J���F�M�Ö�M�T�å��
�M�F�O�D�T�F�B�M�B�L�
���Ã�T���B�[���F�C�C�å�M���T�[�»�N�P�M�U���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S��
�G�Ö�H�H�W�Ã�O�Z�F���M�»�U�I�B�U�Í�����"���E�F�G�P�S�N�»�M�U���	�U�»�W�P�M�C�B���O�Ã�[�å�
��
�»�M�M�B�Q�P�U�I�P�[�� �U�B�S�U�P�[�Í�� �D�T�P�N�Í�Q�P�O�U�J�� �L�P�P�S�E�J�O�»�U�»�L�B�U��
�L�B�Q�K�V�L�� �N�F�H�� �B�� �W�Ã�H�F�T�F�M�F�N�F�T�� �T�[�»�N�Ç�U�»�T�C�Í�M�
�� �F�C�C�å�M��
�L�J�G�P�M�Z�Í�M�B�H���B�[���F�I�I�F�[���B�[���»�M�M�B�Q�P�U�I�P�[���U�B�S�U�P�[�Í���M�F�O-
�D�T�Ã�U�� �M�F�Ç�S�Í�� �G�Ö�H�H�W�Ã�O�Z�B�M�B�L�P�U�
�� �B�N�J�C�å�M�� �B�� �E�F�G�P�S�N�»�M�U��
�»�M�M�B�Q�P�U�I�P�[�� �U�B�S�U�P�[�Í�� �H�Ð�S�C�Ö�M�F�U�J�� �W�J�T�[�P�O�Z�P�L�B�U�� �T�[�»-
�N�Ç�U�B�O�J���U�V�E�O�»�O�L�
���O�F�N���J�T�N�F�S�K�Ö�L���[�»�S�U���G�P�S�N�»�C�B�O��

�B�[�� �B�E�P�U�U�� �U�B�S�U�P�N�»�O�Z�P�O���� �&�[�U�� �Ô�H�Z�� �L�Ö�T�[�Ð�C�Ð�M�U�Ö�L��
�L�J�
���I�P�H�Z���B���L�F�[�E�F�U�J���	�E�F�G�P�S�N�»�M�B�U�M�B�O�
���G�F�M�Ö�M�F�U�J���D�T�P-
�N�Í�Q�P�O�U�J�� �L�P�P�S�E�J�O�»�U�»�L�S�B�� �q�� �B�N�J�L�� �B�[��1. egyenlet 
�G�Ö�H�H�W�Ã�O�Z�Ã�S�F�� �J�M�M�F�T�[�L�F�E�O�F�L�� �q�� �Q�P�M�J�O�P�N�P�U�� �J�M�M�F�T�[-
�U�F�U�U�Ö�O�L�����&�O�O�F�L���B���Q�P�M�J�O�P�N�O�B�L���B���G�P�L�T�[�»�N�»�U���Ô�H�Z��
�»�M�M�B�Q�Ç�U�P�U�U�V�L�� �N�F�H�
�� �I�P�H�Z�� �B�[��1. egyenlet alapján 
�T�[�»�N�P�M�U�� �H�Ð�S�C�Ö�M�F�U�J�� �T�V�H�»�S�� �G�Ö�H�H�W�Ã�O�Z�� �	r(x)�
�� �Ã�T�� �B��
�Q�P�M�J�O�P�N�N�B�M�� �L�Ð�[�F�M�Ç�U�F�U�U�� �G�Ö�H�H�W�Ã�O�Z�C�å�M�� �N�F�H�I�B-
�U�»�S�P�[�I�B�U�Í�� �H�Ð�S�C�Ö�M�F�U�J�� �T�V�H�»�S�� �G�Ö�H�H�W�Ã�O�Z�� �	rpol(x)) 
�L�Ð�[�Ð�U�U�J���L�Ö�M�Ð�O�C�T�Ã�H�G�Ö�H�H�W�Ã�O�Z���O�Ã�H�Z�[�F�U�Ã�O�F�L���I�B�U�»-
�S�P�[�P�U�U���J�O�U�F�H�S�»�M�K�B���B���M�F�O�D�T�F���U�F�O�H�F�M�Z�Ã�O�F�L�������N�N���F�T��
�L�Ð�S�O�Z�F�[�F�U�Ã�C�F�O���N�J�O�J�N�V�N�P�U���B�E�K�P�O���	4�
��

�"�� �M�F�H�J�O�L�»�C�C�� �J�M�M�F�T�[�L�F�E�å�� �G�P�L�T�[�»�N�Ô�� �Q�P�M�J�O�P�N�� �q��
�B�N�J�W�F�M���B���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S���G�Ö�H�H�W�Ã�O�Z�F���B���M�F�H�K�P�C�C�B�O��
�I�B�T�P�O�M�Ç�U�� �B�[�� �F�S�F�E�F�U�J�� �H�Ð�S�C�Ö�M�F�U�J�� �W�J�T�[�P�O�Z�P�L�I�P�[�� �q��
�B�[�
�� �B�I�P�M�� �B�[�� �F�M�å�[�å 4. egyenlet �N�J�O�J�N�V�N�P�U�� �B�E����
A 4. egyenletben�� �T�[�F�S�F�Q�M�å�� �F�M�U�Ã�S�Ã�T�� �Ã�S�U�Ã�L�F�J�S�F�� �B�[��
�J�M�M�F�T�[�U�F�U�U���Q�P�M�J�O�P�N���G�P�L�T�[�»�N�»�O�B�L���G�Ö�H�H�W�Ã�O�Z�Ã�C�F�O��
a 4. ábra���N�V�U�B�U���Q�Ã�M�E�»�U�����-�»�U�T�[�J�L�
���I�P�H�Z���C�J�[�P�O�Z�P�T��
�G�P�L�T�[�»�N�� �F�T�F�U�Ã�O�� �B�� �I�B�U�»�S�P�[�P�U�U�� �J�O�U�F�H�S�»�M�Ã�S�U�Ã�L�F�L-
�O�F�L���N�J�O�J�N�V�N�B���W�B�O��

�"�� �M�F�O�D�T�F�� �G�F�M�Ö�M�F�U�F�� �B�T�[�G�Ã�S�J�L�V�T�O�B�L�� �N�P�O�E�I�B�U�Í��(1) 
�B�M�B�Q�K�»�O�
���N�J�W�F�M���B���U�F�O�H�F�M�Z�Ã�U�å�M���L�J�G�F�M�Ã���F�H�Z���C�J�[�P�O�Z�P�T��
�U�»�W�P�M�T�»�H�J�H���B���H�Ð�S�C�Ö�M�F�U�F���D�T�Ð�L�L�F�O�
���U�F�I�»�U���B���H�Ð�S�C�Ö-
�M�F�U�J���T�V�H�B�S�B���O�å�
���I�J�T�[�F�O���B���G�Ã�O�Z�T�V�H�B�S�B�L���B���C�J�L�P�O�W�F�Y��
�W�B�T�U�B�H�� �M�F�O�D�T�Ã�L�� �F�T�F�U�Ã�O�� �N�J�O�Ã�M�� �J�O�L�»�C�C�� �F�H�Z�� �Q�P�O�U-
�C�B�O���N�F�U�T�[�å�E�O�F�L�
���I�B���B���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S���B���T�[�Ã�M�F-
�L�F�O���O�B�H�Z�P�C�C���	3. ábra�
�����"���Q�P�M�J�O�P�N���J�M�M�F�T�[�U�Ã�T�Ã�O�Ã�M��
�F�M�M�F�O�å�S�J�[�U�Ö�O�L���F�H�Z���P�M�Z�B�O���W�»�M�U�P�[�B�U�P�U���J�T�
���B�N�J�L�P�S���B��
�G�Ö�H�H�W�Ã�O�Z�F�L�� �L�Ö�M�Ð�O�C�T�Ã�H�O�Ã�H�Z�[�F�U�Ã�O�F�L�� �I�B�U�»�S�P�[�P�U�U��
�J�O�U�F�H�S�»�M�K�»�U���B�L�Ð�[�Ð�U�U���B���L�Ã�U���Q�P�O�U���L�Ð�[�Ð�U�U���T�[�»�N�P�M�U�V�L��
�L�J�
���B�N�F�E�E�J�H���B���M�F�O�D�T�F���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B���O�å�
���E�F���B��
�H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B�U���U�F�L�J�O�U�W�F���B���M�F�H�K�P�C�C�B�O���J�M�M�F�T�[�L�F-
�E�å�� �Q�P�M�J�O�P�N�� �G�P�L�T�[�»�N�»�O�B�L�� �N�F�H�I�B�U�»�S�P�[�»�T�»�U�� �F�[��
�T�[�J�O�U�F���T�F�N�N�J�M�Z�F�O���N�Ã�S�U�Ã�L�C�F�O���O�F�N���C�F�G�P�M�Z�»�T�P�M�U�B����
�"�[���J�M�Z�F�O���N�Í�E�P�O���J�M�M�F�T�[�U�F�U�U���Q�P�M�J�O�P�N�C�Í�M���Ã�T���B�[���F�S�F-
�E�F�U�J���G�Ö�H�H�W�Ã�O�Z�C�å�M���	1�
���T�[�»�N�P�M�U���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B�L��
�G�Ö�H�H�W�Ã�O�Z�F�J�U���B�[��5. ábra���T�[�F�N�M�Ã�M�U�F�U�J��
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3. Eredmények

�"�� �L�P�N�Q�M�F�Y�� �W�Ã�H�F�T�F�M�F�N�F�T�� �N�P�E�F�M�M�F�M�� �Ã�T�� �B�� �M�F�O�D�T�F��
�E�F�G�P�S�N�»�D�J�Í�K�»�O�B�L�� �S�Ã�T�[�M�F�U�F�T�� �F�M�F�N�[�Ã�T�Ã�W�F�M�� �L�J�T�[�»-
�N�Ç�U�P�U�U�V�L���B���T�[�F�N�M�F�O�D�T�F���B�M�L�B�M�N�B�[�L�P�E�»�T�J���T�[�Ã�M�F�T-
�T�Ã�H�Ã�O�F�L�� �B�� �W�»�M�U�P�[�»�T�»�U�� �B�� �L�Ö�M�Ð�O�C�Ð�[�å�� �F�T�F�U�F�L�C�F�O����
�"�[�� �F�S�F�E�F�U�J�� �J�O�U�B�L�U�� �N�P�E�F�M�M�F�O�� �Ã�T�� �B�[�� �J�T�N�F�S�U�F�U�F�U�U��
�N�é�U�Ã�U�J�� �C�F�B�W�B�U�L�P�[�»�T�� �	1. ábra�
�� �H�F�P�N�F�U�S�J�»�K�»�O�� �L�Ç-
�W�Ö�M�� �B��6. ábrán�� �M�»�U�I�B�U�Í�� �L�Ã�U�� �N�»�T�J�L�� �H�F�P�N�F�U�S�J�»�W�B�M��
�	�M�Z�V�L�F�M�S�F�O�E�F�[�Ã�T�T�F�M�
���J�T���F�M�W�Ã�H�F�[�U�Ö�L���B���T�[�»�N�Ç�U�»�T�P-
�L�B�U��

A 2. táblázat�� �U�B�S�U�B�M�N�B�[�[�B�� �B�� �T�[�»�N�Ç�U�»�T�J�� �F�S�F�E-
�N�Ã�O�Z�F�L�� �G�P�O�U�P�T�B�C�C�� �B�E�B�U�B�J�U�
�� �W�Ã�H�F�S�F�E�N�Ã�O�Z�F�J�U���� �"��
�U�»�C�M�»�[�B�U�� �U�B�S�U�B�M�N�B�[�[�B�� �B�[�� �F�S�F�E�F�U�J�� �H�F�P�N�F�U�S�J�»�I�P�[��
�B���O�V�N�F�S�J�L�V�T���N�P�E�F�M�M���»�M�U�B�M���T�[�»�N�P�M�U���F�S�F�E�N�Ã�O�Z�F-

3. ábra. �"���M�F�O�D�T�F���G�F�M�T�[�Ç�O�Ã�O�F�L���	y1(x), [mm]�
���Ã�T���B��
�I�P�[�[�»�U�B�S�U�P�[�Í���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S�O�B�L���	r1(x), [mm]) a 

�G�Ö�H�H�W�Ã�O�Z�F

4. ábra. �"�[���J�M�M�F�T�[�U�F�U�U���Q�P�M�J�O�P�N�C�Í�M���Ã�T���B�[���F�S�F�E�F�U�J��
�G�Ö�H�H�W�Ã�O�Z�C�å�M���T�[�»�N�P�M�U���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S���L�Ð�[�Ð�U�U�J���S�F�M�B�U�Ç�W��

�F�M�U�Ã�S�Ã�T���B�[���J�M�M�F�T�[�U�F�U�U���Q�P�M�J�O�P�N���G�P�L�T�[�»�N�»�O�B�L���	n) 
�G�Ö�H�H�W�Ã�O�Z�Ã�C�F�O

5. ábra. �"�[���F�S�F�E�F�U�J���M�F�O�D�T�F�G�Ö�H�H�W�Ã�O�Z�C�å�M���T�[�»�N�P�M�U��
�H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S���G�Ö�H�H�W�Ã�O�Z�F���	r1(x), [mm]�
���Ã�T���B�[��
�J�M�M�F�T�[�U�F�U�U���Q�P�M�J�O�P�N�C�Í�M���T�[�»�N�P�M�U���H�Ð�S�C�Ö�M�F�U�J���T�V�H�»�S��

�G�Ö�H�H�W�Ã�O�Z�F���	raia(x), [mm]�
���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�W�B

6. ábra. �"���L�P�O�D�F�O�U�S�»�M�U���Ã�T���B���G�P�M�Z�U�P�O�P�T���F�M�I�F�M�Z�F�[�L�F�E�Ã�T�é���M�Z�V�L�B�L���H�F�P�N�F�U�S�J�»�K�B
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�L�F�U�
���U�P�W�»�C�C�»���B�[���F�N�M�Ç�U�F�U�U��6. ábra �H�F�P�N�F�U�S�J�»�K�»�W�B�M��
�L�J�T�[�»�N�P�M�U�� �F�T�F�U�F�L�F�U�� �J�T���� �"�[�� �B�L�L�P�N�P�E�»�D�J�Í�T�� �T�[�Ã-
�M�F�T�T�Ã�H�� �B�M�B�L�V�M�»�T�»�O�� �G�F�M�Ö�M�� �B�� �U�»�C�M�»�[�B�U�� �U�B�S�U�B�M�N�B�[�[�B��
�B�[�� �J�O�U�B�L�U�� �	�M�Z�V�L�N�F�O�U�F�T�
�� �H�F�P�N�F�U�S�J�»�I�P�[�� �L�Ã�Q�F�T�U�J��
�U�Ð�C�C�M�F�U�� �E�J�P�Q�U�S�J�B�O�Ð�W�F�L�F�E�Ã�T�U�� �B�� �L�Ö�M�Ð�O�C�Ð�[�å�� �F�T�F-
�U�F�L�C�F�O�����&�[�F�L�F�O���L�Ç�W�Ö�M���B���M�F�O�D�T�F���F�M�Ö�M�T�å���Ã�T���I�»�U�V�M-
�T�Í�� �H�Ð�S�C�Ö�M�F�U�J�� �T�V�H�B�S�B�J�O�B�L�� �B�M�B�L�V�M�»�T�»�U�� �J�T�� �O�Z�P�N�P�O��
�L�Ð�W�F�U�I�F�U�K�Ö�L���B���W�J�[�T�H�»�M�U���H�F�P�N�F�U�S�J�»�L�O�»�M�����"�[���Ð�T�[-
�T�[�F�I�B�T�P�O�M�Ç�U�I�B�U�Í�T�»�H�O�B�L�� �Ã�T�� �B�� �N�é�U�Ã�U�� �F�M�W�J�� �N�é�L�Ð-
�E�Ã�T�Ã�O�F�L���W�J�[�T�H�»�M�B�U�B���L�F�E�W�Ã�Ã�S�U���F�H�Z���P�M�Z�B�O���F�T�F�U�F�U���J�T��
�L�J�T�[�»�N�Ç�U�P�U�U�V�O�L�
�� �B�N�F�M�Z�O�Ã�M�� �B�� �M�Z�V�L�N�F�O�U�F�T�� �H�F�P-
�N�F�U�S�J�B�� �N�F�M�M�F�U�U�� �B�[�� �Ç�O�I�»�S�U�Z�B�� �S�V�H�B�M�N�B�T�T�»�H�J�� �N�P-
�E�V�M�V�T�»�U�� �O�B�H�Z�T�»�H�S�F�O�E�F�L�L�F�M�� �L�J�T�F�C�C�S�F�� �W�F�U�U�Ö�L�� �G�F�M�
��
�N�J�O�U���B���U�Ð�C�C�J���B�M�L�P�U�Í�S�Ã�T�[���N�F�S�F�W�T�Ã�H�F��

4. Értékelés

�"�[�� �F�S�F�E�N�Ã�O�Z�F�L�C�å�M���M�»�U�I�B�U�Í�
�� �I�P�H�Z�� �B�� �H�F�P�N�F�U�S�J�»-
�C�B�O���U�Ð�S�U�Ã�O�U���N�Í�E�P�T�Ç�U�»�T���	�F�S�F�E�F�U�J���H�F�P�N�F�U�S�J�B�
���|���
����
�E�J�P�Q�U�S�J�B�O�Ð�W�F�L�F�E�Ã�T�U�� �N�V�U�B�U�� �B�[�� �F�S�F�E�F�U�J�� �	�J�O�U�B�L�U�
��
�B�L�L�P�N�P�E�»�D�J�Í�T�� �T�[�Ã�M�F�T�T�Ã�H�F�O�� �G�F�M�Ö�M�� �	2. táblázat�
����
�&�[���D�T�V�Q�»�O���������B���B�O�O�B�L���B�[���Ã�S�U�Ã�L�O�F�L�
���B�N�J�U���»�U�M�B-
�H�P�T�B�O���B���Q�»�D�J�F�O�T�F�L�F�O���B���N�é�U�Ã�U���V�U�»�O���N�»�T�G�Ã�M���Ã�W�W�F�M��
�N�Ã�S�U�F�L��4���"�[���F�M�U�Ã�S�Ã�T���F�S�F�E�F�U�F���T�P�L���P�L�C�Í�M���M�F�I�F�U�T�Ã-

�H�F�T�
�� �F�H�Z�S�Ã�T�[�U�� �B�� �H�F�P�N�F�U�S�J�B�J�� �Ã�T�� �B�O�Z�B�H�J�� �Q�B�S�B�N�Ã-
�U�F�S�F�L�� �B�[�� ������ �Ã�W�F�T�� �»�U�M�B�H�P�T�� �L�P�S�P�T�[�U�»�M�Z�I�P�[�� �U�B�S�U�P�[�Í��
�B�E�B�U�P�L�� �W�P�M�U�B�L��3�� �.�J�W�F�M�� �B�� �C�F�W�F�[�F�U�å�C�F�O�� �F�N�M�Ç�U�F�U�U��
���
���� �E�J�P�Q�U�S�J�B�� �D�T�V�Q�»�O�� �F�H�Z�� �»�U�M�B�H�Ã�S�U�Ã�L�
�� �F�[�Ã�S�U�� �O�Ã-
�I�»�O�Z�� �Q�»�D�J�F�O�T�� �F�T�F�U�Ã�C�F�O�� �B�[�� �B�L�L�P�N�P�E�»�D�J�Í�T�� �T�[�Ã-
�M�F�T�T�Ã�H�� �O�Ð�W�F�L�F�E�Ã�T�F�� �B�� �N�Ã�S�Ã�T�F�L�� �B�M�B�Q�K�»�O4�� �F�C�C�F�� �B��
�U�B�S�U�P�N�»�O�Z�C�B�� �F�T�F�U�U���� �5�P�W�»�C�C�J�� �P�L�B�� �M�F�I�F�U�� �B�[�� �F�M�U�Ã-
�S�Ã�T�O�F�L�
���I�P�H�Z���B���T�[�»�N�Ç�U�»�T�B�J�O�L���T�P�S�»�O���L�J�[�»�S�Í�M�B�H���B��
�M�F�O�D�T�F���E�J�P�Q�U�S�J�»�K�»�C�B�O���C�F�L�Ð�W�F�U�L�F�[�å���W�»�M�U�P�[�»�T�P�L�B�U��
�F�M�F�N�F�[�U�Ö�L�
�� �Ã�T�� �O�F�N�� �W�F�U�U�Ö�L�� �ø�H�Z�F�M�F�N�C�F�� �B�� �T�[�B-
�S�V�I�»�S�U�Z�B�� �H�Ð�S�C�Ö�M�F�U�Ã�O�F�L�
�� �J�M�M�F�U�W�F�� �B�� �T�[�F�N�U�F�O�H�F�M�Z��
�I�P�T�T�[�»�O�B�L�� �F�T�F�U�M�F�H�F�T�� �W�»�M�U�P�[�»�T�»�U�� �B�� �T�[�F�N�� �U�F�M�K�F�T��
�E�J�P�Q�U�S�J�»�K�»�O�B�L�� �W�»�M�U�P�[�»�T�»�C�B�
�� �B�N�J�U�� �B�[�� �F�N�M�Ç�U�F�U�U��
�P�C�K�F�L�U�Ç�W�� �N�Ã�S�Ã�T�F�O�� �B�M�B�Q�V�M�Í�� �F�S�F�E�N�Ã�O�Z�F�L4 tartal-
�N�B�[�O�B�L����

A 2. táblázat �L�P�O�D�F�O�U�S�»�M�U���M�Z�V�L�B�L���P�T�[�M�P�Q�B���U�B�S�U�B�M-
�N�B�[�[�B�� �B��6. ábra���C�B�M���P�M�E�B�M�B���T�[�F�S�J�O�U�J�� �M�Z�V�L�F�M�S�F�O-
�E�F�[�Ã�T�� �F�S�F�E�N�Ã�O�Z�F�J�U���� �&�C�C�å�M�� �B�[�� �M�»�U�T�[�J�L�
�� �I�P�H�Z�� �F�[��
�B���G�B�K�U�B���M�Z�V�L�T�Ã�N�B���V�H�Z�B�O�B�O�O�Z�J���M�Z�V�L�B�U���Ã�T���M�Ã�[�F�S�S�F�M��
�L�J�Ã�H�F�U�F�U�U�� �Ç�O�I�»�S�U�Z�B�� �U�Ã�S�G�P�H�B�U�P�U�� �K�F�M�F�O�U�
�� �B�[�P�O�C�B�O��
�L�J�T�T�Ã�� �O�B�H�Z�P�C�C�� �E�J�P�Q�U�S�J�B�W�»�M�U�P�[�»�T�U�� �F�S�F�E�N�Ã�O�Z�F�[�
��
�N�J�O�U���B�[���F�S�F�E�F�U�J���M�Z�V�L�F�M�S�F�O�E�F�[�Ã�T���B�[���F�N�M�Ç�U�F�U�U���O�V-
�N�F�S�J�L�V�T���T�[�»�N�Ç�U�»�T���B�M�B�Q�K�»�O�����6�H�Z�B�O�D�T�B�L���F�C�C�F�O���B��

50 éves korhoz tartozó 
anyagi és geometriai 

állandók
(n l  = 1,42; np = 1,336)

Intakt
Eredeti 

geometria
Koncentrált 

lyukak
Folytonos 

lyukak

Elhanyagolt 
ínhártya 
(intakt)

�$�0�1���	�B�L�L�P�N�P�E�»�M�U�
�������
���������% �������
���������% �������
���������% �������
���������% �������
���������%

�$�0�1���	�F�S�O�Z�F�E�U�
 �������
���������% �������
���������% �������
���������% �������
���������% �������
���������%

�' �$�0�1 �� ���
���������% �� ���
���������% �� ���
���������% �� ���
���������% �� ���
���������%

�$�0�1���W�»�M�U�P�[�»�T���B�[���J�O�U�B�L�U�I�P�[��
�L�Ã�Q�F�T�U

�� ���
���������% �� ���
�������������% �� ���
�������������% �� ���
�������������% �� ���
�����������%

�B���M�F�O�D�T�F���W�B�T�U�B�H�T�»�H�W�»�M�U�P�[�»�T�B �� ���
�����������N�N �� ���
�����������N�N �� ���
�����������N�N �� ���
�����������N�N �� ���
�����������N�N

�B���M�F�O�D�T�F���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B��
�	�F�M�Ö�M�T�å�
���B�L�L�P�N�P�E�»�M�U�


�� ���
���������N�N �� ���
���������N�N �� ���
���������N�N �� ���
���������N�N �� ���
���������N�N

�B���M�F�O�D�T�F���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B��
�	�F�M�Ö�M�T�å�
���F�S�O�Z�F�E�U�


�������
���������N�N �������
���������N�N �������
���������N�N �������
���������N�N 11,861 mm

�B���M�F�O�D�T�F���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B�� 
�	�I�»�U�V�M�T�Í�
���B�L�L�P�N�P�E�»�M�U�


�� ���
���������N�N �� ���
���������N�N �� ���
���������N�N �� ���
���������N�N �� ���
���������N�N

�B���M�F�O�D�T�F���H�Ð�S�C�Ö�M�F�U�J���T�V�H�B�S�B�� 
�	�I�»�U�V�M�T�Í�
���F�S�O�Z�F�E�U�


�� ���
���������N�N �� ���
���������N�N �� ���
���������N�N �� ���
���������N�N 5,323 mm

 2. táblázat. �"���T�[�»�N�Ç�U�»�T�J���F�S�F�E�N�Ã�O�Z�F�L���Ð�T�T�[�F�G�P�H�M�B�M�Í���U�»�C�M�»�[�B�U�B���	�%�����E�J�P�Q�U�S�J�B�
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�U�»�C�M�»�[�B�U�C�B�O���M�»�U�I�B�U�Í���B��6. ábra���K�P�C�C���P�M�E�B�M�B���T�[�F�S�J�O-
�U�J���H�F�P�N�F�U�S�J�B�J���L�J�B�M�B�L�Ç�U�»�T���F�S�F�E�N�Ã�O�Z�F�����"���E�J�P�Q�U�S�J�B-
�W�»�M�U�P�[�»�T���B�S�»�O�Z�»�C�Í�M���M�»�U�I�B�U�Í�
���I�P�H�Z���U�F�S�N�Ã�T�[�F�U�F�T�F�O��
�F�C�C�F�O���B�[���F�T�F�U�C�F�O���B���M�F�H�O�B�H�Z�P�C�C���B���E�J�P�Q�U�S�J�B�O�Ð�W�F-
�L�F�E�Ã�T�����&�C�C�å�M���B�E�Í�E�J�L�
���I�P�H�Z���B���N�Í�E�T�[�F�S���F�M�N�Ã�M�F�U�J��
�N�é�L�Ð�E�Ã�T�F���T�[�F�N�Q�P�O�U�K�»�C�Í�M���B���O�V�N�F�S�J�L�V�T���N�P�E�F�M�M��
�F�S�F�E�N�Ã�O�Z�F�J���L�Ð�W�F�U�J�L���B�[�U���B���U�F�O�E�F�O�D�J�»�U�
���I�P�H�Z���B�O-
�O�»�M���O�B�H�Z�P�C�C���B���E�J�P�Q�U�S�J�B�W�»�M�U�P�[�»�T�
���N�J�O�Ã�M���O�B�H�Z�P�C�C��
�B�� �M�Ã�[�F�S�S�F�M���F�M�U�»�W�P�M�Ç�U�P�U�U���Ç�O�I�»�S�U�Z�B�S�Ã�T�[�� �U�Ã�S�G�P�H�B�U�B���� �"��
�U�F�D�I�O�J�L�B���F�M�W�J���I�»�U�U�F�S�Ã�U���K�Í�M���B�M�»�U�»�N�B�T�[�U�K�B���B���L�P�N�Q-
�M�F�Y�� �N�P�E�F�M�M�
�� �V�H�Z�B�O�J�T�
�� �I�B�� �B�� �G�P�M�Z�U�P�O�P�T�� �M�Z�V�L�F�M�S�F�O-
�E�F�[�Ã�T�I�F�[�� �U�B�S�U�P�[�Í�� �F�T�F�U�F�U�� �W�J�[�T�H�»�M�K�V�L�
�� �B�L�L�P�S�� �M�»�U-
�I�B�U�Í�
���I�P�H�Z���F�C�C�F�O���B�[���F�T�F�U�C�F�O���B���E�J�P�Q�U�S�J�B�W�»�M�U�P�[�»�T��
�B�[�� �F�S�F�E�F�U�J�� �H�F�P�N�F�U�S�J�»�I�P�[�� �L�Ã�Q�F�T�U�� �O�B�H�Z�P�C�C�� �W�P�M�U�
��
�N�J�O�U���B�[���F�M�å�[�å���F�T�F�U�C�F�O����

A 2. táblázat���V�U�P�M�T�Í���P�T�[�M�P�Q�B���T�[�F�N�M�Ã�M�U�F�U�J���B�O�O�B�L��
�B�[���F�T�F�U�O�F�L���B�[���F�S�F�E�N�Ã�O�Z�Ã�U�
���B�N�J�L�P�S���B�[���Ç�O�I�»�S�U�Z�B��
�N�F�S�F�W�T�Ã�H�Ã�U���F�M�I�B�O�Z�B�H�P�M�U�V�L���B���L�Ð�S�O�Z�F�[�å���T�[�Ð�W�F�U�F�L��
�N�F�S�F�W�T�Ã�H�Ã�I�F�[���L�Ã�Q�F�T�U�����§�H�Z���U�V�M�B�K�E�P�O�L�Ã�Q�Q�F�O���F�H�Z��
�P�M�Z�B�O�� �F�T�F�U�F�U�� �W�J�[�T�H�»�M�U�V�O�L�
�� �B�N�J�L�P�S�� �B�[�� �Ç�O�I�»�S�U�Z�B��
�H�F�P�N�F�U�S�J�B�J�� �Ã�T�� �B�O�Z�B�H�J�� �N�F�S�F�W�T�Ã�H�F�� �O�F�N�� �C�F�G�P�M�Z�»-
�T�P�M�K�B���B���M�F�O�D�T�F���B�M�L�B�M�N�B�[�L�P�E�Í�L�Ã�Q�F�T�T�Ã�H�Ã�U�����&�C�C�F�O��
�B�[�� �F�T�F�U�C�F�O�� �M�»�U�I�B�U�Í�
�� �I�P�H�Z�� �B�[�� �B�L�L�P�N�P�E�»�D�J�Í�T��
�T�[�Ã�M�F�T�T�Ã�H�� �O�Ð�W�F�L�F�E�Ã�T�F�� �B�[�� �F�S�F�E�F�U�J�� �J�O�U�B�L�U�� �F�T�F�U-
�I�F�[���L�Ã�Q�F�T�U�����
�������E�J�P�Q�U�S�J�B�����5�F�S�N�Ã�T�[�F�U�F�T�F�O���F�[���B�[��
�F�S�F�E�N�Ã�O�Z���O�F�N���S�F�Q�S�F�[�F�O�U�B�U�Ç�W�
���N�J�W�F�M���B�[���Ç�O�I�»�S�U�Z�B��

�T�[�F�S�F�Q�F���B���L�P�N�Q�M�F�Y���N�P�E�F�M�M�Ö�O�L�C�F�O���J�M�Z�F�O���N�Í�E�P�O��
�O�F�N�� �F�M�I�B�O�Z�B�H�P�M�I�B�U�Í�� �Ã�T�� �B�� �W�B�M�Í�T�»�H�C�B�O�� �C�J�[�U�P�T�B�L��
�M�F�I�F�U�Ö�O�L�� �B�C�C�B�O�
�� �I�P�H�Z�� �B�� �T�[�F�N�H�P�M�Z�Í�� �[�»�S�U�� �S�F�O�E-
�T�[�F�S�F�� �N�J�B�U�U�� �B�[�� �Ç�O�I�»�S�U�Z�B�� �H�F�P�N�F�U�S�J�B�J�� �Ã�T�� �B�O�Z�B�H�J��
�N�F�S�F�W�T�Ã�H�F���I�B�U�»�T�T�B�M���W�B�O���B���M�F�O�D�T�F���E�F�G�P�S�N�»�D�J�Í�K�»-
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�L�Ç�U�»�T�B���T�P�S�»�O���D�T�B�L���B���ø�[�J�L�»�M�J�T���W�J�[�T�H�»�M�B�U���F�S�F�E�N�Ã��
�O�Z�F�J�U�� �W�F�U�U�Ö�L�� �ø�H�Z�F�M�F�N�C�F�
�� �B�[�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô��
�N�P�[�H�»�T�W�J�[�T�H�»�M�Í���F�T�[�L�Ð�[���N�Ã�S�Ã�T�J���F�S�F�E�N�Ã�O�Z�F�J�O�F�L��
�J�T�N�F�S�F�U�F���O�Ã�M�L�Ö�M�����&�[�U���B���C�F�T�P�S�P�M�»�T�U���N�J�O�E���B���O�Z�P�M�D��
�W�J�[�T�H�»�M�B�U�� �B�M�L�B�M�N�»�W�B�M�� �F�M�W�Ã�H�F�[�U�Ö�L�
�� �Ã�T�� �B�� �H�Z�F�S�N�F��
�L�F�L�F�U���N�J�O�E�J�H���B�[���F�M�å�[�å���ø�[�J�L�»�M�J�T���W�J�[�T�H�»�M�B�U�J���F�S�F�E��
�N�Ã�O�Z�Ã�U�å�M�� �G�Ö�H�H�F�U�M�F�O�Ö�M�� �B�[�� �B�L�U�V�»�M�J�T�� �»�M�M�B�Q�P�U�O�B�L��

�N�F�H�G�F�M�F�M�å�� �D�T�P�Q�P�S�U�C�B�� �T�P�S�P�M�U�V�L���� �"�� �W�J�[�T�H�»�M�B�U�T�P��
�S�P�[�B�U�� �W�Ã�H�Ã�S�F�� �B�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �H�Z�F�S�N�F�L�F�L��
�O�Ã�M���������
�� �I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô�B�L�O�»�M���������� �W�J�[�T�H�»�M�B�U�J��
�F�S�F�E�N�Ã�O�Z���»�M�M�U���S�F�O�E�F�M�L�F�[�Ã�T�Ö�O�L�S�F�����"���W�J�[�T�H�»�M�B�U�P��
�L�B�U���B���T�[�P�M�O�P�L�J���.�›�7���,�Í�S�I�»�[���*�O�U�Ã�[�F�U�J���,�V�U�B�U�»�T�J��
�&�U�J�L�B�J�� �#�J�[�P�U�U�T�»�H�� �F�O�H�F�E�Ã�M�Z�F�[�U�F�� �	�T�[�»�N�B���� �'�*������
���������������
�����"���S�Ã�T�[�U�W�F�W�å�L���T�[�Ö�M�F�J���B���C�F�M�F�F�H�Z�F�[�å���O�Z�J��
�M�B�U�L�P�[�B�U�P�L���B�M�»�Ç�S�»�T�»�U���N�F�H�F�M�å�[�å�F�O���N�J�O�E�F�O���F�T�F�U��
�C�F�O�� �S�Ã�T�[�M�F�U�F�T�� �T�[�Í�C�F�M�J�� �Ã�T�� �Ç�S�»�T�C�F�M�J�� �G�F�M�W�J�M�»�H�P�T�Ç�U�»�T�U��
�L�B�Q�U�B�L���� �"�[�� �B�O�U�S�P�Q�P�N�F�U�S�J�B�J�� �B�E�B�U�P�L�� �S�Ã�T�[�M�F�U�F�T�F�O��
az 1. táblázatban�� �M�»�U�I�B�U�Í�L���� �"�� �L�P�S�P�T�[�U�»�M�Z�P�L�S�B��
�C�P�O�U�P�U�U���U�F�T�U�N�B�H�B�T�T�»�H���Ã�T���U�F�T�U�U�Ð�N�F�H���»�U�M�B�H�P�L�
���T�[�Í��
�S�»�T�P�L�
�� �Ã�T�� �B�� �T�[�Ã�M�T�å�Ã�S�U�Ã�L�F�L�� �B��2. és 3. táblázatban 
�L�F�S�Ö�M�U�F�L���Ð�T�T�[�F�G�P�H�M�B�M�»�T�S�B��

Vizsgálati módszer

�"�� �H�F�S�J�O�D�� �B�M�B�L�K�»�U�� �P�S�U�P�Q�Ã�E�� �T�[�B�L�P�S�W�P�T�� �»�M�U�B�M�� �W�Ã�H��
�[�F�U�U�� �ø�[�J�L�B�J�� �W�J�[�T�H�»�M�B�U�� �V�U�»�O�� �F�H�Z�F�O�F�T�
�� �U�F�S�N�Ã��
�T�[�F�U�F�T�� �»�M�M�»�T�� �L�Ð�[�C�F�O�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô�
�� �;�F�C�S�J�T��
�$�.�4���)�4���N�P�[�H�»�T�W�J�[�T�H�»�M�Í���S�F�O�E�T�[�F�S�S�F�M���	�;�F�C�S�J�T��
�.�F�E�J�[�J�O�U�F�D�I�O�J�L�� �(�N�C�)�
�� �*�T�O�Z�
�� �/�Ã�N�F�U�P�S�T�[�»�H�
��
�I�B�U�»�S�P�[�U�V�L�� �N�F�H���� �"�� �W�J�[�T�H�»�M�B�U�P�L�B�U�� �B�� �4�[�P�M�O�P�L�J��
�.�›�7���,�Í�S�I�»�[���#�J�P�N�F�D�I�B�O�J�L�B�J���-�B�C�P�S�B�U�Í�S�J�V�N�»��
�C�B�O���W�Ã�H�F�[�U�Ö�L����

Csoport
n  

[db]
�+�F�M�M�F�N�[�å Átlag SD min. max.

�-�»�O�Z�P�L
�&�H�Ã�T�[�T�Ã�H�F�T���U�F�T�U�U�B�S�U�»�T

�� ������

Kor [év] ���
���� ���
���� ���
���� �����
����

�5�F�T�U�U�Ð�N�F�H���<�L�H�> �����
����11,72 �����
���� �����
����

�5�F�T�U�N�B�H�B�T�T�»�H���<�D�N�> �������
���� �����
���� �������
���� �������
����

�-�»�O�Z�P�L
�)�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T

�� ������

Kor [év] ���
���� ���
���� ���
���� �����
����

�5�F�T�U�U�Ð�N�F�H���<�L�H�> �����
����11,14 �����
���� �����
����

�5�F�T�U�N�B�H�B�T�T�»�H���<�D�N�> �������
���� �����
���� �������
���� �������
����

�'�J�Ô�L
�&�H�Ã�T�[�T�Ã�H�F�T���U�F�T�U�U�B�S�U�»�T

������

Kor [év] �����
���� ���
���� ���
���� �����
����

�5�F�T�U�U�Ð�N�F�H���<�L�H�> �����
���� �����
���� �����
���� �����
����

�5�F�T�U�N�B�H�B�T�T�»�H���<�D�N�> �������
���� �����
���� �������
���� �������
����

�'�J�Ô�L
�)�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T

������

Kor [év] ���
���� ���
���� ���
���� �����
����

�5�F�T�U�U�Ð�N�F�H���<�L�H�> �����
���� �����
���� �����
���� �������
����

�5�F�T�U�N�B�H�B�T�T�»�H���<�D�N�> �������
����12,27 �������
���� �������
����

1. táblázat. �,�P�S�
���U�F�T�U�U�Ð�N�F�H�
���U�F�T�U�N�B�H�B�T�T�»�H���Ã�S�U�Ã�L�F�L���B�[���F�H�Ã�T�[�T�Ã�H�F�T���U�F�T�U�U�B�S�U�»�T�Ô���Ã�T���B���I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô���F�T�F�U�F�L�O�Ã�M 
�	�4�%�����T�[�Í�S�»�T�
���O�����F�T�F�U�T�[�»�N�
 



35

Biomechanica Hungarica VIII. évfolyam, 2. szám

E
R

E
D

E
T

I K
Ö

Z
LE

M
É

N
Y

E
K

Egészséges testtartás
n [db]

Testtömeg [kg] Testmagasság [cm]

Kor Nem Átlag SD min. max. Átlag SD min. max.

�� �-�»�O�Z 1 �����
�� �� �� �� �������
�� �� �� ��
7 �'�J�Ô 27 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
7 �-�»�O�Z �� �����
�� ���
�� �����
�� �����
��133,4 ���
�� �������
�� �������
��
�� �'�J�Ô ���� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
�� �-�»�O�Z 33 31,3 ���
�� �����
�� �����
�� 134,3 ���
�� �������
�� �������
��
�� �'�J�Ô ���� 37,3 �����
�� �����
�� �����
�� 141,1 ���
�� �������
�� �������
��
�� �-�»�O�Z ���� �����
�� ���
�� �����
�� �����
�� �������
��7,1 �������
�� �������
��

���� �'�J�Ô ���� 42,2 �����
�� �����
�� �����
�� 147,1 ���
�� �������
�� �������
��
���� �-�»�O�Z 44 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
11 �'�J�Ô ���� �����
�� �����
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
11 �-�»�O�Z 43 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
12 �'�J�Ô ���� �����
�� 12,3 �����
�� �����
�� �������
�� 7,2 �������
�� �������
��
12 �-�»�O�Z ���� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
13 �'�J�Ô 13 �����
�� 11,4 �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
13 �-�»�O�Z �� �����
��4,1 �����
�� �����
�� �������
�� 7,1 �������
�� �������
��
14 �'�J�Ô 3 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
14 �-�»�O�Z 4 �����
�� 3,3 �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
���� �'�J�Ô 1 �����
�� �� �� �� �������
�� �� �� ��

Hanyag testtartás
n [db]

Testtömeg [kg] Testmagasság [cm]

Kor Nem Átlag SD min. max. Átlag SD min. max.

�� �-�»�O�Z �� �����
��1,2 �����
�� �����
�� 122,4 ���
�� �������
�� �������
��
�� �'�J�Ô 1 �����
�� �� �� �� �������
�� �� �� ��
7 �-�»�O�Z ���� �����
��4,7 �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
7 �'�J�Ô �� �����
�� ���
�� 17,1 �����
�� �������
�� ���
�� �������
�� �������
��
�� �-�»�O�Z 34 �����
�� ���
�� �����
�� �����
��137,3 ���
�� �������
�� �������
��
�� �'�J�Ô 24 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
�� �-�»�O�Z 47 33,7 ���
�� �����
�� �����
�� �������
�� 7,1 �������
�� �������
��
�� �'�J�Ô ���� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��

���� �-�»�O�Z ���� �����
�� �����
�� �����
�� �����
�� �������
��7,7 �������
�� �������
��
���� �'�J�Ô ���� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
11 �-�»�O�Z ���� 43,1 ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
11 �'�J�Ô ���� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
12 �-�»�O�Z 21 �����
�� �����
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
12 �'�J�Ô �� 47,3 ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
13 �-�»�O�Z 7 �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
13 �'�J�Ô �� �����
�� ���
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
14 �-�»�O�Z �� �����
�� �����
�� �����
�� �����
�� �������
�� ���
�� �������
�� �������
��
14 �'�J�Ô 7 71,4 �����
�� �����
�� �������
�� �������
�� ���
�� �������
�� �������
��

2. táblázat. �,�P�S���T�[�F�S�J�O�U�J���U�F�T�U�U�Ð�N�F�H���Ã�T���U�F�T�U�N�B�H�B�T�T�»�H���Ã�S�U�Ã�L�F�L���B�[��egészséges���U�F�T�U�U�B�S�U�»�T�Ô���H�Z�F�S�N�F�L�F�L���F�T�F�U�Ã�O�� 
�	�4�%�����T�[�Í�S�»�T�
���O�����F�T�F�U�T�[�»�N�


3. táblázat. �,�P�S���T�[�F�S�J�O�U�J���U�F�T�U�U�Ð�N�F�H���Ã�T���U�F�T�U�N�B�H�B�T�T�»�H���Ã�S�U�Ã�L�F�L���B��hanyag���U�F�T�U�U�B�S�U�»�T�Ô���H�Z�F�S�N�F�L�F�L���F�T�F�U�Ã�O�� 
�	�4�%�����T�[�Í�S�»�T�
���O�����F�T�F�U�T�[�»�N�
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�"���W�J�[�T�H�»�M�Í�S�F�O�E�T�[�F�S���S�Ã�T�[�F�J���	2. ábra�
��
���� �I�»�S�P�N���Q�P�O�U�C�Í�M���V�M�U�S�B�I�B�O�H���K�F�M�F�L�F�U���L�J�C�P�D�T�»��

�U�Í���N�Ã�S�å�G�F�K�

 �� �I�»�S�P�N���V�M�U�S�B�I�B�O�H���W�F�W�å�U���U�B�S�U�B�M�N�B�[�Í���N�Ã�S�å��

�I�»�S�N�B�T���B���N�F�E�F�O�D�F���N�P�[�H�»�T�B�J�O�B�L���L�J�T�[�é�S�Ã��
sére,

 �� �L�Ã�U�� �V�M�U�S�B�I�B�O�H�� �W�F�W�å�U�� �U�B�S�U�B�M�N�B�[�Í�� �K�F�M�Ð�M�å�D�F��
�S�V�[�B���B���H�F�S�J�O�D���B�M�B�L�K�»�O�B�L���N�F�H�B�E�»�T�»�I�P�[��

�"�� �N�Ã�S�å�G�F�K�C�F�O�� �M�Ã�W�å�� �Ã�S�[�Ã�L�F�M�å�L�� �N�F�H�I�B�U�»�S�P�[�P�U�U��
�J�E�å�L�Ð�[�Ð�O�L�Ã�O�U�� �V�M�U�S�B�I�B�O�H�K�F�M�F�L�F�U�� �C�P�D�T�»�U�B�O�B�L��
�L�J�
�� �B�N�F�M�Z�F�L�F�U�� �B�� �W�F�W�å�L�� �S�Ð�H�[�Ç�U�F�O�F�L�� �	�B�� �N�Ã�S�Ã�T�J��
�G�S�F�L�W�F�O�D�J�B�� �������� �)�[�
���� �"�[�� �B�E�P�U�U�� �I�å�N�Ã�S�T�Ã�L�M�F�U�O�F�L��
�N�F�H�G�F�M�F�M�å�
�� �J�T�N�F�S�U�� �V�M�U�S�B�I�B�O�H�T�F�C�F�T�T�Ã�H�C�å�M�� �Ã�T�� �B��
�N�Ã�S�U�� �U�F�S�K�F�E�Ã�T�J�� �J�E�å�C�å�M�� �N�J�O�E�F�O�� �F�H�Z�F�T�� �Ã�S�[�Ã�L�F�M�å��
�Ã�T���B���N�Ã�S�å�G�F�K���B�E�Í�J���L�Ð�[�Ð�U�U�J���U�»�W�P�M�T�»�H���T�[�»�N�Ç�U�I�B�U�Í����
�"�� �W�F�W�å�L�� �U�Ã�S�C�F�M�J�� �L�P�P�S�E�J�O�»�U�»�J�� �B�� �I�»�S�P�N�T�[�Ð�H�F�M�Ã�T��
�N�Í�E�T�[�F�S�Ã�W�F�M���B�� �N�Ã�S�Ã�T���N�J�O�E�F�O���J�E�å�Q�J�M�M�B�O�B�U�»�C�B�O��
�B���N�Ã�S�å�G�F�K���I�»�S�P�N���B�E�Í�K�»�O�B�L���U�Ã�S�C�F�M�J���L�P�P�S�E�J�O�»�U�»��

�J�C�Í�M�
���W�B�M�B�N�J�O�U���B�[���B�L�U�Ç�W���B�E�Í���Ã�T���B���N�Ã�S�å�G�F�K���I�»�S�P�N��
�Ã�S�[�Ã�L�F�M�å�K�F�� �L�Ð�[�Ð�U�U�J�� �U�»�W�P�M�T�»�H�C�Í�M�� �T�[�»�N�Ç�U�I�B�U�Í�B�L����
�"�� �G�F�O�U�J�� �T�[�»�N�Ç�U�»�T�J�� �N�Í�E�T�[�F�S�� �B�[�� �Ð�T�T�[�F�T�� �Ã�S�[�Ã�L�F��
�M�å�� �F�T�F�U�Ã�O�� �F�M�W�Ã�H�F�[�I�F�U�å���� �"�[�� �Ã�S�[�Ã�L�F�M�å�L�� �U�Ã�S�C�F�M�J��
�I�F�M�Z�[�F�U�Ã�U�� �Ã�T�� �F�C�C�å�M�� �B�� �D�T�J�H�P�M�Z�»�L�� �U�Ð�W�J�T�O�Z�Ô�M�W�»��
�O�Z�»�O�B�L�� �	�Q�S�P�D�F�T�T�V�T�� �T�Q�J�O�P�T�V�T�
�� �U�Ã�S�C�F�M�J�� �I�F�M�Z�[�F�U�Ã�U��
�B�� �8�J�O�4�Q�J�O�F�� �N�Ã�S�Ã�T�W�F�[�Ã�S�M�å�� �Q�S�P�H�S�B�N�� �	�;�F�C�S�J�T��
�.�F�E�J�[�J�O�U�F�D�I�O�J�L�� �(�N�C�)�
�� �*�T�O�Z�
�� �/�Ã�N�F�U�P�S�T�[�»�H�
��
�S�Ð�H�[�Ç�U�J�� �Ã�T�� �O�V�N�F�S�J�L�V�T�B�O�� �U�»�S�P�M�K�B���� �"�� �W�J�[�T�H�»�M�B�U�P�U��
�S�Ð�W�J�E�F�O�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô�� �H�F�S�J�O�D�W�J�[�T�H�»�M�B�U�O�B�L��
�O�F�W�F�[�J�L������

�"���W�J�[�T�H�»�M�B�U���M�Ã�Q�Ã�T�F�J���	3. ábra�
��
������ �"�� �I�»�S�P�N�� �Ã�S�[�Ã�L�F�M�å�U�� �U�B�S�U�B�M�N�B�[�Í�� �N�Ã�S�å�I�»�S��

�N�B�T�� �S�Ð�H�[�Ç�U�Ã�T�F�� �B�� �N�F�E�F�O�D�Ã�O���� �"�� �N�Ã�S�å�I�»�S��
�N�B�T���Ã�T���B���K�F�M�Ð�M�å���D�F�S�V�[�B���L�B�Q�D�T�P�M�»�T�B���T�Q�F�D�J�»�M�J�T��
�L�»�C�F�M�F�L�L�F�M���B�[���B�E�B�U�H�Z�é�K�U�å���F�H�Z�T�Ã�H�I�F�[��

������ �"���W�J�[�T�H�»�M�U���H�Z�F�S�N�F�L���F�M�I�F�M�Z�F�[�Ã�T�F���B���N�Ã�S�å�G�F�K��
�F�M�å�U�U�
�� �B�O�O�B�L�� �I�»�U�U�B�M�� �G�P�S�E�V�M�W�B���� �"�� �H�Z�F�S�N�F�L��
�U�F�T�U�U�B�S�U�»�T�»�O�B�L���G�F�M�W�Ã�U�F�M�F�L�P�S���G�P�L�P�[�P�U�U�B�O���L�F�M�M��
�Ö�H�Z�F�M�O�J���B���I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�S�B���	3.a ábra�
��

������ �,�B�M�J�C�S�»�M�»�T���� �B�[�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô�� �K�F�M�Ð�M�å�� �D�F��
�S�V�[�»�W�B�M�� �B�� �H�M�P�C�»�M�J�T�� �L�P�P�S�E�J�O�»�U�B���S�F�O�E�T�[�F�S��
�G�F�M�W�Ã�U�F�M�F���	3.b ábra�
��

������ �.�F�H�B�E�P�U�U�� �B�O�B�U�Í�N�J�B�J�� �Q�P�O�U�P�L�� �L�J�K�F�M�Ð�M�Ã�T�F�� �B��
�U�F�T�U���N�J�O�E�L�Ã�U���P�M�E�B�M�»�O���	�B�D�S�P�N�J�P�O�
���B�O�H�V�M�V�T��
�J�O�G�F�S�J�P�S�� �T�D�B�Q�V�M�B�F�
�� �T�Q�J�O�B�� �J�M�J�B�D�B�� �Q�P�T�U�F�S�J�P�S��
�T�V�Q�F�S�J�P�S�
�
�� �W�B�M�B�N�J�O�U�� �B�� �U�I�P�S�B�D�B�M�J�T�� �������F�T�� �Ã�T��
�M�V�N�C�B�M�J�T�������F�T���D�T�J�H�P�M�Z�B���»�U�N�F�O�F�U���N�F�H�B�E�»�T�B��
�B���K�F�M�Ð�M�å�D�F�S�V�[�B���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���	3.c ábra�
��

������ �"�� �H�F�S�J�O�D�� �B�M�B�L�K�»�O�B�L�� �G�F�M�W�Ã�U�F�M�F���� �B�� �Q�S�P�D�F�T�T�V�T��
�T�Q�J�O�P�T�V�T�P�L���G�Ð�M�Ð�U�U���B���K�F�M�Ð�M�å�D�F�S�V�[�»�U���W�Ã�H�J�H�W�F��
�[�F�U�K�Ö�L���B���D�F�S�W�J�D�B�M�J�T�������F�T���D�T�J�H�P�M�Z�»�U�Í�M���J�O�E�V�M�W�B��
�T�B�D�S�B�M�J�T�������F�T���N�B�H�B�T�T�»�H�»�J�H���	3.d ábra�
��

�.�Ã�S�U���K�F�M�M�F�N�[�å�L���	4. ábra�

�;�F�C�S�J�T�� �N�Ã�S�å�S�F�O�E�T�[�F�S�� �8�J�O�4�Q�J�O�F�� �N�Ã�S�Ã�T�W�F�[�Ã�S�M�å��
�Q�S�P�H�S�B�N�K�»�O�B�L�� �B�M�L�B�M�N�B�[�»�T�»�W�B�M�� �N�J�O�E�F�O�� �N�Ã�S�Ã�T��
�F�T�F�U�Ã�O���B���N�F�H�I�B�U�»�S�P�[�P�U�U���U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�P�L���U�Ã�S�C�F��
�M�J�� �L�P�P�S�E�J�O�»�U�»�J�C�Í�M�� �� �B�� �T�B�H�J�U�U�B�M�J�T�� �T�Ç�L�C�B�O�� �	�O�Z�Ç�M�J�S�»��
�O�Z�Ô�� �L�Ð�[�Ã�Q�T�Ç�L�C�B�O�
�� �I�»�U�J�� �L�Z�Q�I�P�T�J�T�I�P�[�� �Ã�T�� �»�H�Z�Ã�L�J��
�M�P�S�E�P�T�J�T�I�P�[���U�B�S�U�P�[�Í���T�[�Ð�H�Ã�S�U�Ã�L�F�L���T�[�»�N�Ç�U�I�B�U�Í�L��
 �� �B���U�I�P�S�B�D�B�M�J�T���L�Z�Q�I�P�T�J�T���	�5�,�
�����U�I�P�S�B�D�B�M�J�T�������F�T��

�Ã�T�������F�T���D�T�J�H�P�M�Z�»�L���U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�
���W�B�M�B�N�J�O�U��
�B���U�I�P�S�B�D�B�M�J�T���������F�T���Ã�T���������F�T���D�T�J�H�P�M�Z�»�L���U�Ð�W�J�T��

2. ábra. �"�[���B�M�L�B�M�N�B�[�P�U�U���N�Ã�S�å�S�F�O�E�T�[�F�S�������"�����I�»�S�P�N��
�V�M�U�S�B�I�B�O�H���B�E�Í�U���U�B�S�U�B�M�N�B�[�Í���N�Ã�S�å�G�F�K�
���B�N�F�M�Z���B��
�W�J�[�T�H�»�M�U���T�[�F�N�Ã�M�Z���N�Ð�H�Ð�U�U���I�F�M�Z�F�[�L�F�E�J�L���F�M�
�����#�����B��
�N�F�E�F�O�D�Ã�S�F���S�Ð�H�[�Ç�U�F�U�U���N�Ã�S�å�I�»�S�N�B�T���B���N�F�E�F�O�D�F��

�N�P�[�H�»�T�B�J�O�B�L���L�P�S�S�J�H�»�M�»�T�»�I�P�[�
���$�����K�F�M�Ð�M�å�D�F�S�V�[�B���B��
�H�F�S�J�O�D���B�M�B�L�K�»�O�B�L���N�F�H�B�E�»�T�»�I�P�[
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�O�Z�Ô�M�W�»�O�Z�B�� �»�M�U�B�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U�� �F�H�Z�F�O�F�T�F�L��
�L�J�F�H�Ã�T�[�Ç�U�å���T�[�Ð�H�F��

 �� �B�� �� �M�V�N�C�B�M�J�T�� �M�P�S�E�P�T�J�T�� �	�-�-�
���� �M�V�N�C�B�M�J�T�� �����F�T��
�Ã�T�������F�T���D�T�J�H�P�M�Z�»�L���U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�
���W�B�M�B�N�J�O�U��
�M�V�N�C�B�M�J�T�������F�T���Ã�T�������Ð�T���D�T�J�H�P�M�Z�»�L���U�Ð�W�J�T�O�Z�Ô�M��
�W�»�O�Z�B�� �»�M�U�B�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U�� �F�H�Z�F�O�F�T�F�L�� �L�J��
�F�H�Ã�T�[�Ç�U�å���T�[�Ð�H�F��

 �� �B���T�B�H�J�U�U�B�M�J�T���T�Ç�L�Ô���U�Ð�S�[�T���E�å�M�Ã�T�U���	�5�P�U�B�M���5�S�V�O�L��
�*�O�D�M�J�O�B�U�J�P�O�� ���� �5�5�*�
�� �Ã�T�� �G�S�P�O�U�»�M�J�T�� �T�Ç�L�Ô��
�M�B�U�F�S�B�M�J�T���E�å�M�Ã�T�U���	�-�B�U�F�S�B�M���*�O�D�M�J�O�B�U�J�P�O������ �-�*�
����
�B�� �����F�T�� �O�Z�B�L�J�� �D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�� �Ã�T��
�B�[�� �����Ð�T�� �M�V�N�C�B�M�J�T�� �D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B��
�»�M�U�B�M���N�F�H�I�B�U�»�S�P�[�P�U�U���F�H�Z�F�O�F�T���Ã�T���B���G�Ö�H�H�å�M�F��
�H�F�T���U�F�O�H�F�M�Z���»�M�U�B�M���C�F�[�»�S�U���T�[�Ð�H���B���T�B�H�J�U�U�B�M�J�T���Ã�T��
�G�S�P�O�U�»�M�J�T���T�Ç�L�C�B�O��

Statisztikai feldolgozás

�"���W�J�[�T�H�»�M�U���T�[�F�N�Ã�M�Z�F�L���5�,�
���-�-�
���5�5�*���Ã�T���-�*���B�E�B��
�U�B�J�C�Í�M���»�U�M�B�H�P�U�
���T�[�Í�S�»�T�U���Ã�T���B�[���»�U�M�B�H�S�B���W�P�O�B�U�L�P�[�Í��
���������P�T�� �L�P�O�ø�E�F�O�D�J�B�� �J�O�U�F�S�W�B�M�M�V�N�P�L�B�U�� �T�[�»�N�P�M��
�U�V�O�L�
�� �L�P�S�D�T�P�Q�P�S�U�P�L�� �T�[�F�S�J�O�U�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�U�Í�M��
�G�Ö�H�H�F�U�M�F�O�Ö�M�
�� �W�B�M�B�N�J�O�U�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�� �T�[�F�S�J�O�U�J��
�D�T�P�Q�P�S�U�P�L�C�B�O���B�[���Ã�M�F�U�L�P�S�U�Í�M���G�Ö�H�H�F�U�M�F�O�Ö�M�������"���D�T�P��

�Q�P�S�U�P�L�� �»�U�M�B�H�B�J�O�B�L�� �Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B�� �"�/�0�7�"��
�U�F�T�[�U�F�L�L�F�M�� �������P�T�� �T�[�J�H�O�J�ø�L�B�O�D�J�B�� �T�[�J�O�U�F�O�� �U�Ð�S��
�U�Ã�O�U��

Eredmények

Nemek szerinti vizsgálat 

�"�� �O�F�N�F�L�� �I�B�U�»�T�»�U�� �E�J�B�H�O�Í�[�J�T�U�Í�M�
�� �L�P�S�U�Í�M�� �Ã�T�� �U�F�T�U��
�N�B�H�B�T�T�»�H�U�Í�M���G�Ö�H�H�F�U�M�F�O�Ö�M���W�J�[�T�H�»�M�W�B���B�[�U���U�B�Q�B�T�[��
�U�B�M�U�V�L�
���I�P�H�Z���N�F�H�F�S�å�T�Ç�U�I�F�U�å���B�[���B���I�J�Q�P�U�Ã�[�J�T�
���N�F�M�Z��
�T�[�F�S�J�O�U���B���ø�Ô�L���Ã�T���B���M�»�O�Z�P�L���D�T�P�Q�P�S�U�K�B�J�O�B�L���»�U�M�B�H�B��

3. ábra.���"���N�Ã�S�Ã�T���N�F�O�F�U�F�����B�
���B���W�J�[�T�H�»�M�U���T�[�F�N�Ã�M�Z��
�F�M�I�F�M�Z�F�[�L�F�E�Ã�T�F�����C�
���B���H�M�P�C�»�M�J�T���L�P�P�S�E�J�O�»�U�B���S�F�O�E�T�[�F�S��

�N�F�H�B�E�»�T�B�����D�
���L�B�M�J�C�S�»�M�»�T���T�P�S�»�O���B�[���B�O�B�U�Í�N�J�B�J���Q�P�O�U�P�L��
�L�J�K�F�M�Ð�M�Ã�T�F�����E�
���K�F�M�Ð�M�å���D�F�S�V�[�»�W�B�M���B���H�F�S�J�O�D���B�M�B�L�K�»�O�B�L��

�N�F�H�B�E�»�T�B

4. ábra.���"���Q�S�P�D�F�T�T�V�T���T�Q�J�O�P�T�V�T�P�L���U�Ã�S�C�F�M�J���Q�P�[�Ç�D�J�Í�K�»�C�Í�M��
�B���;�F�C�S�J�T���8�J�O���4�Q�J�O�F���Q�S�P�H�S�B�N���G�S�P�O�U�»�M�J�T���T�Ç�L�C�B�O��

�L�B�M�L�V�M�»�M�K�B���B���-�B�U�F�S�B�M���*�O�D�M�J�O�B�U�J�P�O���	�-�*�
���Ã�S�U�Ã�L�Ã�U�
���Ã�T��
�T�B�H�J�U�U�B�M�J�T���T�Ç�L�C�B�O���B���5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T���	�5�,�
��

�-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T���	�-�-�
�
���5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O��
�	�5�5�*�
���Ã�S�U�Ã�L�Ã�U
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�B�� �O�Ã�H�Z�� �W�J�[�T�H�»�M�U�� �Q�B�S�B�N�Ã�U�F�S�U�� �U�F�L�J�O�U�W�F�� �L�Ö�M�Ð�O�C�Ð��
�[�å���� �"�� �T�U�B�U�J�T�[�U�J�L�»�L�� �T�[�J�H�O�J�ø�L�»�O�T�� �F�M�U�Ã�S�Ã�T�U�� �N�V�U�B�U��
�O�B�L���B���O�F�N�F�L���L�Ð�[�Ð�U�U���N�J�O�E���B���O�Ã�H�Z���T�[�Ð�H�Ã�S�U�Ã�L�F�U��
�J�M�M�F�U�å�F�O���5�,�����	�'�	���
�������
�����������
���������Q�����
�����
�
���-�-����
�	�'�	���
�������
�� ���� �����
�������� �Q�����
�����
�
�� �5�5�*���� �	�'�	���
�������
��
���� �����
�������� �Q�����
�����
�
�� �-�*���� �	�'�	���
�������
�� ���� �����
��������
�Q�����
�����
���� �"�� �O�Ã�H�Z�� �T�[�Ð�H�Ã�S�U�Ã�L�� �»�U�M�B�H�Ã�S�U�Ã�L�Ã�U�� �Ã�T�� �B��
�I�P�[�[�»�K�V�L�� �U�B�S�U�P�[�Í�� ���������P�T�� �L�P�O�ø�E�F�O�D�J�B���J�O�U�F�S��

�W�B�M�M�V�N�P�L�B�U���B�[��4. táblázatban���G�P�H�M�B�M�U�V�L���Ð�T�T�[�F�����"��
�G�F�O�U�J�� �N�F�H�»�M�M�B�Q�Ç�U�»�T�� �B�M�B�Q�K�»�O�� �B�� �L�Ð�W�F�U�L�F�[�å�L�C�F�O�� �B��
�ø�Ô�L�B�U���Ã�T���B���M�»�O�Z�P�L�B�U���N�»�S���L�Ö�M�Ð�O���L�Ö�M�Ð�O���D�T�P�Q�P�S�U��
�L�Ã�O�U���L�F�[�F�M�K�Ö�L��

Testtartás helyessége (csoportok) szerinti 
vizsgálat
 
�"�� �I�F�M�Z�F�T���� �Ã�T�� �I�B�O�Z�B�H�� �U�F�T�U�U�B�S�U�»�T�Ô�� �M�»�O�Z�P�L�� �F�T�F�U�Ã��
�C�F�O�� �5�,�� �	�'�	���
�������
�� ���� ���
�������
�� �Q�����
�����
�� �Ã�T�� �-�-��
�	�'�	���
�������
�� ���� ���
�����
�� �Q�����
�����
�� �T�[�Ð�H�F�L�� �F�T�F�U�Ã�O�� �B�[��
�F�M�U�Ã�S�Ã�T���T�[�J�H�O�J�ø�L�»�O�T���� �"�� �#�1�� �L�B�U�F�H�Í�S�J�»�C�B�O���B���5�,��
�»�U�M�B�H�B�������
�������Š���	�T�[�Í�S�»�T���������
�������Š�
�
���N�F�M�Z���T�[�J�H�O�J��
�ø�L�»�O�T�B�O�� �N�B�H�B�T�B�C�C�� �B�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �H�Z�F�S��
�N�F�L�F�L�� �»�U�M�B�H�»�O�»�M�� �	�����
�����Š�� �‹�� ���
�������Š�
���� �-�-�� �T�[�Ð�H��
�F�T�F�U�Ã�O���B���)�1���D�T�P�Q�P�S�U���»�U�M�B�H�B���	�����
�������Š���‹�����
�������Š�
��
�T�[�J�O�U�Ã�O�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�� �N�B�H�B�T�B�C�C�
�� �N�J�O�U�� �B��
�#�1�� �D�T�P�Q�P�S�U�� �»�U�M�B�H�B�� �	�����
�������Š�� �‹�� ���
�������Š�
���� �"�� �5�5�*��
�	�'�	���
�������
���������
�������
���Q���������
�������
���-�*���	�'�	���
�������
������
���
�������
���Q���������
�������
���T�[�Ð�H�F�L���F�T�F�U�Ã�O���O�J�O�D�T���T�[�J�H�O�J�ø��
�L�»�O�T���F�M�U�Ã�S�Ã�T���B���L�Ã�U���D�T�P�Q�P�S�U���L�Ð�[�Ð�U�U����

�"���I�F�M�Z�F�T���Ã�T���I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô���ø�Ô�L���F�T�F�U�Ã�C�F�O���B��
�M�»�O�Z�P�L�I�P�[���O�B�H�Z�P�O���I�B�T�P�O�M�Í���F�S�F�E�N�Ã�O�Z�F�L�F�U���L�B��
�Q�V�O�L�����5�,���	�'�	���
�������
���������
�������
�� �Q�����
�����
���Ã�T���-�-��
�T�[�Ð�H�Ã�S�U�Ã�L���F�T�F�U�Ã�O���	�'�	���
�������
�����������
�������
���Q�����
�����
��

Lányok Átlag Szórás CI alsó
CI 

�G�F�M�T�å

TK
BP �����
������ ���
������ �����
������ �����
������

HP �����
������ ���
������ �����
������ �����
������

LL
BP �����
������ ���
������ �����
������ �����
������

HP �����
������ ���
������ �����
������ �����
������

TTI
BP ���
������ ���
������ ���
������ ���
������

HP ���
������ ���
������ ���
������ ���
������

LI
BP ���
������ ���
������ ���
������ ���
������

HP ���
������ ���
������ ���
������ ���
������

5. táblázat. �%�J�B�H�O�Í�[�J�T���D�T�P�Q�P�S�U�P�O�L�Ã�O�U���B���O�Ã�H�Z��
�W�J�[�T�H�»�M�U���T�[�Ð�H���	�5�,�
���-�-�
���5�5�*�
���-�*�
���»�U�M�B�H�Ã�S�U�Ã�L�F�
��

�T�[�Í�S�»�T�B�
���Ã�T���$�P�O�ø�E�F�O�D�J�B���Ã�S�U�Ã�L�F���M�»�O�Z�P�L�O�»�M 
�	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
��

�5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T��
�J�O�D�M�J�O�B�U�J�P�O�
���)�1�����I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�
���#�1�����I�B�O�Z�B�H��

�U�F�T�U�U�B�S�U�»�T�


Szög/Nem Átlag Szórás CI alsó
CI 

�G�F�M�T�å

TK
L �����
������ ���
������ �����
������ �����
������

F �����
������ ���
������ �����
������ �����
������

LL
L �����
������ ���
������ �����
������34,213

F �����
������ ���
������ �����
������ �����
������

TTI
L ���
������ ���
������ ���
������ ���
������

F ���
������ ���
������ ���
������ ���
������

LI
L ���
������ ���
������ ���
������ ���
������

F ���
������ ���
������ ���
������ ���
������

4. táblázat. �"���O�Ã�H�Z���W�J�[�T�H�»�M�U���T�[�Ð�H���	�5�,�
���-�-�
���5�5�*�
���-�*�
��
�»�U�M�B�H�Ã�S�U�Ã�L�F�
���T�[�Í�S�»�T�B���Ã�T���B���I�P�[�[�»�K�V�L���U�B�S�U�P�[�Í�����������P�T��
�L�P�O�ø�E�F�O�D�J�B���J�O�U�F�S�W�B�M�M�V�N�P�L���	�$�*�
���O�F�N�F�L���T�[�F�S�J�O�U��

�	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
��
�5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T��

�J�O�D�M�J�O�B�U�J�P�O�
���-�����M�»�O�Z�
���'�����ø�Ô�


Fiúk Átlag Szórás CI alsó
CI 

�G�F�M�T�å

TK
BP �����
������ ���
������ �����
������ �����
������

HP �����
������ ���
������ �����
������ �����
������

LL
BP �����
������ ���
������ �����
������ �����
������

HP �����
������ ���
������ �����
������ �����
������

TTI
BP ���
������ ���
������ ���
������4,347

HP ���
������ ���
������ ���
������ ���
������

LI
BP ���
������ ���
������ ���
������2,143

HP ���
������ ���
������ ���
������ ���
������

6. táblázat. �%�J�B�H�O�Í�[�J�T���D�T�P�Q�P�S�U�P�O�L�Ã�O�U���B���O�Ã�H�Z��
�W�J�[�T�H�»�M�U���T�[�Ð�H���	�5�,�
���-�-�
���5�5�*�
���-�*�
���»�U�M�B�H�Ã�S�U�Ã�L�F�
��

�T�[�Í�S�»�T�B�
���Ã�T���$�P�O�ø�E�F�O�D�J�B���Ã�S�U�Ã�L�F���ø�Ô�L�O�»�M�� 
�	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
��

�5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T��
�J�O�D�M�J�O�B�U�J�P�O�
���)�1�����I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�
���#�1�����I�B�O�Z�B�H��

�U�F�T�U�U�B�S�U�»�T�
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�B�� �L�Ö�M�Ð�O�C�T�Ã�H�� �T�[�J�H�O�J�ø�L�»�O�T���� �"�� �#�1�� �L�B�U�F�H�Í�S�J�»�C�B�O��
�B�� �5�,�� �T�[�Ð�H�Ã�S�U�Ã�L�� �	�����
�������Š�� �‹�� ���
�������Š�
�� �T�[�J�H�O�J�ø��
�L�»�O�T�B�O���O�B�H�Z�P�C�C���B���)�1���L�B�U�F�H�Í�S�J�B���»�U�M�B�H�Ã�S�U�Ã�L�Ã�O�Ã�M��
�	�����
�������Š���‹�����
�������Š�
�����-�-���T�[�Ð�H���F�T�F�U�Ã�O���B���)�1���D�T�P��
�Q�P�S�U�� �»�U�M�B�H�B�� �	�����
�������Š�� �‹�� ���
�������Š�
�� �T�[�J�H�O�J�ø�L�»�O�T�B�O��
�O�B�H�Z�P�C�C�
���N�J�O�U���B���#�1���D�T�P�Q�P�S�U���»�U�M�B�H�B���	�����
�������Š���‹��
���
�������Š�
�����"���5�5�*���	�'�	���
�������
���������
�������
���Q���������
�������
��
�B�[�� �-�*�� �� �	�'�	���
�������
�� ���� ���
�������
�� �Q�� ���� ���
�������
�� �T�[�Ð�H�F�L��
�F�T�F�U�Ã�O�� �O�J�O�D�T�� �T�[�J�H�O�J�ø�L�»�O�T�� �F�M�U�Ã�S�Ã�T���� �/�V�N�F�S�J�L�V�T��
adatok az 5. és 6. táblázatban���U�B�M�»�M�I�B�U�Í�L��

Életkor szerinti vizsgálat

�"�[�� �Ã�M�F�U�L�P�S�� �T�[�F�S�J�O�U�J�� �W�J�[�T�H�»�M�B�U�I�P�[�� �B�� ���� �Ã�T�� ������ �Ã�W��
�L�Ð�[�Ð�U�U�J���H�Z�F�S�N�F�L�F�L�C�å�M�������Ã�M�F�U�L�P�S�J���D�T�P�Q�P�S�U�P�U���B�M�B��
�L�Ç�U�P�U�U�V�O�L���L�J�����B���I�Ã�U�Ã�W�F�T���Ã�T���B�[���B�O�O�»�M���ø�B�U�B�M�B�C�C�B�L��
�B�M�L�P�U�U�»�L���B�[�� �F�M�T�å���D�T�P�Q�P�S�U�P�U�
���N�Ç�H���B�������� �Ã�W�F�T�F�L���Ã�T��
�B�[���B�O�O�»�M���J�E�å�T�F�C�C�F�L���B�[���V�U�P�M�T�Í���D�T�P�Q�P�S�U�P�U�����"�������Ã�T��
�������Ã�W���L�Ð�[�Ð�U�U�J���H�Z�F�S�N�F�L�F�L���L�Ð�[�Ð�U�U���Ã�W�F�O�L�Ã�O�U���B�M�B��
�L�Ç�U�P�U�U�V�O�L���L�J���D�T�P�Q�P�S�U�P�L�B�U�����"�[���F�S�F�E�N�Ã�O�Z�F�L�F�U���B�[��
5. ábrán���G�P�H�M�B�M�U�V�L���Ð�T�T�[�F������

�.�J�O�E���B���I�F�M�Z�F�T���
���N�J�O�E���B���I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô���M�»��
�O�Z�P�L���F�T�F�U�Ã�O���B���L�Ö�M�Ð�O�C�Ð�[�å���Ã�M�F�U�L�P�S�P�L�B�U���U�F�L�J�O�U�W�F���B��
�5�,���Ã�T���-�*���Ã�S�U�Ã�L�F�L�C�F�O���T�[�J�H�O�J�ø�L�»�O�T���L�Ö�M�Ð�O�C�T�Ã�H�F�L��
�W�B�O�O�B�L���� �.�F�H�ø�H�Z�F�M�I�F�U�å�
�� �I�P�H�Z�� �B�� �5�,�� �T�[�Ð�H�Ã�S�U�Ã��
�L�F�L�� �B�[�� �Ã�M�F�U�L�P�S�� �F�M�å�S�F�I�B�M�B�E�U�»�W�B�M�� �T�[�J�H�O�J�ø�L�»�O�T�B�O��
�D�T�Ð�L�L�F�O�O�F�L�
���N�Ç�H���B�[���-�*���T�[�Ð�H�Ã�S�U�Ã�L�F�L���B�[���Ã�M�F�U�L�P�S��
�F�M�å�S�F�I�B�M�B�E�U�»�W�B�M�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�� �O�å�O�F�L���� �"�� �5�5�*��
�	�)�1�����Q������ ���
�������
�� �#�1�����Q������ ���
�������
�� �Ã�T���-�-���	�)�1����
�Q�� ���� ���
�������
�� �#�1���� �Q�� ���� ���
�������
�� �Ã�S�U�Ã�L�F�L�C�F�O�� �O�J�O�D�T��
�T�[�J�H�O�J�ø�L�»�O�T���F�M�U�Ã�S�Ã�T����

�'�J�Ô�L�� �F�T�F�U�Ã�O�� �B�� �5�,�� �	�)�1���� �Q�� ���� ���
�������
�� �#�1���� �Q�� ����
���
�������
���Ã�T���-�-���	�)�1�����Q���������
�������
���#�1�����Q���������
�������
��
�T�[�Ð�H�Ã�S�U�Ã�L�F�L�C�F�O�� �O�J�O�D�T�� �T�[�J�H�O�J�ø�L�»�O�T�� �F�M�U�Ã�S�Ã�T�� �B��
�L�Ö�M�Ð�O�C�Ð�[�å���Ã�M�F�U�L�P�S�P�L���U�F�L�J�O�U�F�U�Ã�C�F�O�����"���)�1���L�B�U�F��
�H�Í�S�J�»�C�B�O���B���5�5�*���Ã�T���-�*���T�[�Ð�H�F�L���F�T�F�U�Ã�O���B�[���F�M�U�Ã�S�Ã�T��
�T�[�J�H�O�J�ø�L�»�O�T���	�B���L�P�S���F�M�å�S�F�I�B�M�B�E�U�»�W�B�M���O�Ð�W�F�L�T�[�J�L�
�
��
�N�Ç�H�� �B�� �#�1�� �L�B�U�F�H�Í�S�J�B�� �F�T�F�U�Ã�O�� �O�J�O�D�T�� �T�[�J�H�O�J�ø�L�»�O�T��
�F�M�U�Ã�S�Ã�T���	�5�5�*�����Q���������
�������
���-�*�����Q���������
�������
�������&�[�F�L��
�B�[���F�S�F�E�N�Ã�O�Z�F�L���B�[��5. ábrán���L�F�S�Ö�M�U�F�L���Ð�T�T�[�F�G�P�H��
�M�B�M�»�T�S�B����

Testmagassági adatok vizsgálata nemenként 
és csoportonként, kortól függetlenül

�"�� �O�F�N�F�L���Ã�T���B���L�Ã�U���D�T�P�Q�P�S�U���	�)�1���Ã�T���#�1�
�� �T�[�F�S�J�O�U��
�T�[�Ã�U�C�P�O�U�P�U�U�� �B�E�B�U�P�L�B�U�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�� �G�Ö�H�H�W�Ã��
�O�Z�Ã�C�F�O���J�T���W�J�[�T�H�»�M�U�V�L���	6-7. ábra�
�����/�Z�P�M�D���U�F�T�U�N�B��

5. ábra. �"���H�F�S�J�O�D���B�M�B�L�K�»�U���M�F�Ç�S�Í���H�F�S�J�O�D�H�Ð�S�C�Ö�M�F�U�F�L���	�5�,��
�Ã�T���-�-�
�
���W�B�M�B�N�J�O�U���B���U�F�T�U�U�B�S�U�»�T�U���K�F�M�M�F�N�[�å���J�O�D�M�J�O�B�U�J�P��

�	�5�5�*���Ã�T���-�*�
���Ã�S�U�Ã�L�F�J���O�F�N�F�O�L�Ã�O�U�J���Ã�T���Ã�M�F�U�L�P�S���T�[�F�S�J�O�U�J��
�C�P�O�U�»�T�C�B�O���	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-����

�-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
���5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
��
�-�*�����-�B�U�F�S�B�M�J�T���J�O�D�M�J�O�B�U�J�P�O�
���)�1�����I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�
���#�1����

�I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�
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6. ábra. �"���H�F�S�J�O�D���B�M�B�L�K�»�U���M�F�Ç�S�Í���H�F�S�J�O�D�H�Ð�S�C�Ö�M�F�U�F�L���	�5�,���Ã�T���-�-�
�
���W�B�M�B�N�J�O�U���B���U�F�T�U�U�B�S�U�»�T�U���K�F�M�M�F�N�[�å���J�O�D�M�J�O�B�U�J�P��
�	�5�5�*���Ã�T���-�*�
���Ã�S�U�Ã�L�F�J���U�F�T�U�N�B�H�B�T�T�»�H���T�[�F�S�J�O�U�J���C�P�O�U�»�T�C�B�O���M�»�O�Z�P�L�O�»�M���	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T��

�-�P�S�E�P�T�J�T�
���5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T���J�O�D�M�J�O�B�U�J�P�O�
���)�1�����I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�
���#�1�����I�B�O�Z�B�H��
�U�F�T�U�U�B�S�U�»�T�
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7. ábra. �"���H�F�S�J�O�D���B�M�B�L�K�»�U���M�F�Ç�S�Í���H�F�S�J�O�D�H�Ð�S�C�Ö�M�F�U�F�L���	�5�,���Ã�T���-�-�
�
���W�B�M�B�N�J�O�U���B���U�F�T�U�U�B�S�U�»�T�U���K�F�M�M�F�N�[�å���J�O�D�M�J�O�B�U�J�P���	�5�5�*��
�Ã�T���-�*�
���Ã�S�U�Ã�L�F�J���U�F�T�U�N�B�H�B�T�T�»�H���T�[�F�S�J�O�U�J���C�P�O�U�»�T�C�B�O���ø�Ô�L�O�»�M���	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
��

�5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T���J�O�D�M�J�O�B�U�J�P�O�
���)�1�����I�F�M�Z�F�T���U�F�T�U�U�B�S�U�»�T�
���#�1�����I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�
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Testmagasság

Lányok HP Fiúk HP

Átlag Szórás
95% CI

Átlag Szórás
95% CI

CI alsó �$�*���G�F�M�T�å CI alsó �$�*���G�F�M�T�å

TK

-130 �����
������ ���
������ �����
������ �����
������ �����
������2,223 �����
������ �����
������

131-135 41,734 ���
������ �����
������ 44,211 �����
������ ���
������ �����
������ �����
������

136-140 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

141-145 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������41,432 �����
������

146-150 �����
������ ���
������ �����
���� �����
������ �����
������ ���
������ �����
������ �����
������

151-155 �����
������ ���
������ 34,73 �����
������ �����
������ ���
������ �����
������ �����
������

156-160 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

161- �����
������ ���
������ �����
������ �����
������ �����
���� ���
������ �����
������ �����
������

LL

-130 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������21,217 32,317

131-135 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

136-140 33,422 ���
������ �����
������ �����
������ �����
������ ���
������ �����
������34,441

141-145 �����
������ ���
������ �����
������ �����
���� �����
������ ���
������ �����
������ �����
������

146-150 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

151-155 �����
������ ���
���� �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

156-160 �����
������ ���
������ �����
���� �����
������ �����
������2,724 �����
������ �����
������

161- �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ 31,432

TTI

-130 3,237 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

131-135 3,437 ���
������ ���
������ ���
������ 3,274 ���
������ ���
������ 4,322

136-140 ���
������ ���
������ ���
������ ���
���� 2,743 ���
������ ���
������ ���
������

141-145 ���
������ ���
������ 2,213 ���
������ ���
������ ���
������ ���
������ ���
������

146-150 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

151-155 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

156-160 ���
������ ���
������ 2,143 ���
������ ���
������ ���
������ ���
������ ���
������

161- ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

LI

-130 ���
������ ���
������ ���
������ 1,733 ���
������ ���
������ ���
������ ���
������

131-135 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

136-140 1,344 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

141-145 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 1,331 ���
������

146-150 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

151-155 ���
������ ���
������ 1,213 ���
������ ���
������ ���
������ ���
������ ���
������

156-160 ���
������ ���
������ ���
������ ���
������ 2,213 ���
������ ���
������ ���
������

161- ���
������ ���
������ 1,413 2,337 ���
������ ���
������ ���
������ ���
������

7. táblázat. �&�H�Ã�T�[�T�Ã�H�F�T���U�F�T�U�U�B�S�U�»�T�Ô���ø�Ô�L���Ã�T���M�»�O�Z�P�L���U�F�T�U�N�B�H�B�T�T�»�H���D�T�P�Q�P�S�U�K�B�J�O�B�L���»�U�M�B�H�Ã�S�U�Ã�L�F�
���T�[�Í�S�»�T�B���Ã�T�����������P�T��
�$�P�O�ø�E�F�O�D�J�B���J�O�U�F�S�W�B�M�M�V�N�B���	�$�*�
���B���O�Ã�H�Z���	�5�,�
���-�-�
���5�5�*�
���-�*�
���W�J�[�T�H�»�M�U���T�[�Ð�H�F�U���J�M�M�F�U�å�F�O�� 

�	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
���5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T��
�J�O�D�M�J�O�B�U�J�P�O�
���#�1�����I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�
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Testmagasság

Lányok BP Fiúk BP

Átlag Szórás
95% CI

Átlag Szórás
95% CI

CI alsó �$�*���G�F�M�T�å CI alsó �$�*���G�F�M�T�å

TK

-130 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
���� �����
������

131-135 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

136-140 42,131 ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

141-145 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

146-150 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

151-155 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

156-160 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

161- �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

LL

-130 32,477 ���
������ �����
������ �����
������ �����
������ 3,432 �����
������ �����
������

131-135 �����
������ ���
������ �����
������ 33,474 �����
������ ���
������ �����
������ �����
������

136-140 �����
������ ���
������ �����
������ �����
������ �����
������2,427 �����
������ �����
������

141-145 �����
������ ���
������ 31,243 �����
������ �����
������ ���
������ �����
������ �����
������

146-150 �����
������ ���
������ �����
������ �����
������ �����
������2,471 �����
������ �����
������

151-155 �����
������ 2,271 �����
������ �����
������ �����
������ 3,114 �����
������ �����
������

156-160 �����
������ ���
������ �����
������ �����
������ �����
������ ���
������ �����
������ �����
������

161- �����
������ ���
������ �����
������ �����
������ �����
���� 3,21 �����
������ �����
������

TTI

-130 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 2,442 ���
������

131-135 ���
������ ���
������ ���
������ ���
������ 3,377 ���
������ 2,37 ���
������

136-140 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 4,727

141-145 ���
������ ���
������ ���
������ ���
������ 4,171 ���
������ 3,123 ���
������

146-150 3,241 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

151-155 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 2,137 ���
������

156-160 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

161- 4,214 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

LI

-130 1,231 ���
������ ���
������ ���
������ 1,271 ���
������ ���
������ ���
������

131-135 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

136-140 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

141-145 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 2,423

146-150 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ 2,724

151-155 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

156-160 ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������ ���
������

161- ���
������ ���
������ ���
������ 2,113 2,231 ���
������ ���
������ ���
������

8. táblázat. �"���I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô���ø�Ô�L���Ã�T���M�»�O�Z�P�L���U�F�T�U�N�B�H�B�T�T�»�H���D�T�P�Q�P�S�U�K�B�J�O�B�L���»�U�M�B�H�Ã�S�U�Ã�L�F�
���T�[�Í�S�»�T�B���Ã�T�����������P�T��
�$�P�O�ø�E�F�O�D�J�B���J�O�U�F�S�W�B�M�M�V�N�B���	�$�*�
���B���O�Ã�H�Z���	�5�,�
���-�-�
���5�5�*�
���-�*�
���W�J�[�T�H�»�M�U���T�[�Ð�H�F�U���J�M�M�F�U�å�F�O�� 

�	�5�,�����5�I�P�S�B�D�B�M�J�T���,�Z�Q�I�P�T�J�T�
���-�-�����-�V�N�C�B�M�J�T���-�P�S�E�P�T�J�T�
���5�5�*�����5�P�U�B�M���5�S�V�O�L���*�O�D�M�J�O�B�U�J�P�O�
���-�*�����-�B�U�F�S�B�M�J�T��
�J�O�D�M�J�O�B�U�J�P�O�
���#�1�����I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�
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�H�B�T�T�»�H�J���D�T�P�Q�P�S�U�P�U���B�M�B�L�Ç�U�P�U�U�V�O�L���L�J�������������D�N���B�M�B�U�U�J��
�U�F�T�U�N�B�H�B�T�T�»�H���B�M�L�P�U�U�B���B�[���F�M�T�å���D�T�P�Q�P�S�U�P�U�
���N�Ç�H���B�[��
�V�U�P�M�T�Í���D�T�P�Q�P�S�U�C�B�O���B�����������D�N���G�Ð�M�Ð�U�U�J�F�L���W�P�M�U�B�L�����"��
�L�Ã�U���T�[�Ã�M�T�å�Ã�S�U�Ã�L���L�Ð�[�Ð�U�U�J���J�O�U�F�S�W�B�M�M�V�N�P�U�������D�N���F�O��
�L�Ã�O�U�������D�T�P�Q�P�S�U�S�B���P�T�[�U�P�U�U�V�L�����/�V�N�F�S�J�L�V�T���B�E�B�U�P�L��
a 7. és 8. táblázatban���U�B�M�»�M�I�B�U�Í�L��

A helyes testtartású gyermekek (HP) ered-
�N�Ã�O�Z�F�J���M�»�O�Z�P�L�S�B���Ã�T���ø�Ô�L�S�B���T�[�Ã�U�C�P�O�U�W�B

�"�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �M�»�O�Z�P�L�B�U�� �W�J�[�T�H�»�M�W�B�� �B��
�5�,�� �	�'�	���
�������
�� ���� ���
�������
�� �Q�� ���� ���
�������
�� �Ã�T�� �5�5�*��
�	�'�	���
�������
�� ���� ���
�������
�� �Q�� ���� ���
�������
�� �T�[�Ð�H�F�L�� �F�T�F�U�Ã�O��
�B�� �U�F�T�U�N�B�H�B�T�T�»�H�J�� �D�T�P�Q�P�S�U�P�L�� �U�F�L�J�O�U�F�U�Ã�C�F�O�� �O�J�O�D�T��
�T�[�J�H�O�J�ø�L�»�O�T���F�M�U�Ã�S�Ã�T�
���F�H�Z�F�U�M�F�O���I�P�N�P�H�Ã�O���D�T�P�Q�P�S�U��
�L�J�B�M�B�L�Ç�U�I�B�U�Í�� �N�J�O�E�L�Ã�U�� �N�V�U�B�U�Í�S�B���� �"�� �5�,�� �T�[�Ð�H��
�Ã�S�U�Ã�L�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�� �O�Ð�W�F�L�F�E�Ã�T�Ã�W�F�M�� �D�T�Ð�L�L�F�O�å��
�U�F�O�E�F�O�D�J�»�U�� �N�V�U�B�U���� �"�[�� �-�-�� �	�'�	���
�������
�� ���� ���
�������
��
�Q�� ���� ���
�����
�� �Ã�T�� �-�*�� �	�'�	���
�������
�� ���� ���
�������
�� �Q�����
�����
��
�T�[�Ð�H���F�T�F�U�Ã�O���B���D�T�P�Q�P�S�U�P�L���L�Ð�[�Ð�U�U���B�[���F�M�U�Ã�S�Ã�T���T�[�J�H��
�O�J�ø�L�»�O�T���� �"�[�� �-�-�� �T�[�Ð�H�� �»�U�M�B�H�B�� �B�� �������� �D�N�� �B�M�B�U�U�J��
�U�F�T�U�N�B�H�B�T�T�»�H�� �F�T�F�U�Ã�O�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�� �L�J�T�F�C�C�� �B��
�U�Ð�C�C�J���U�F�T�U�N�B�H�B�T�T�»�H�I�P�[���W�J�T�[�P�O�Z�Ç�U�W�B�����"�[���-�*���T�[�Ð�H��
�»�U�M�B�H�Ã�S�U�Ã�L�F�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�� �O�Ð�W�F�L�F�E�Ã�T�Ã�W�F�M�� �O�å�
��
�Ã�T���B�� �L�Ã�U���T�[�J�H�O�J�ø�L�»�O�T�B�O���L�Ö�M�Ð�O�C�Ð�[�å�� �»�U�M�B�H�Ã�S�U�Ã�L��
�L�F�M���S�F�O�E�F�M�L�F�[�å���I�P�N�P�H�Ã�O���D�T�P�Q�P�S�U�P�U���B���������� �D�N��
�F�T���U�F�T�U�N�B�H�B�T�T�»�H���W�»�M�B�T�[�U�K�B���F�M���F�H�Z�N�»�T�U�Í�M����

�"�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �ø�Ô�L�� �B�E�B�U�B�J�� �F�O�O�F�L�� �F�M�M�F�O��
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�D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�� �Ã�T�� �B�[�� �����Ð�T�� �M�V�N�C�B�M�J�T��
�D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�� �»�M�U�B�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U��
�F�H�Z�F�O�F�T�� �W�B�M�B�N�J�O�U�� �B�� �U�B�M�B�K�S�B�� �»�M�M�Ç�U�P�U�U�� �G�Ö�H�H�å�M�F��
�H�F�T�� �U�F�O�H�F�M�Z�� �»�M�U�B�M�� �C�F�[�»�S�U�� �T�[�Ð�H�� �B�E�K�B�� �T�B�H�J�U�U�B�M�J�T�� �Ã�T��
�G�S�P�O�U�B�M�J�T�� �T�Ç�L�C�B�O���� �%�P�M�Q�I�F�O�T�� �Ã�T�� �N�V�O�L�B�U�»�S�T�B�J21 
�T�[�F�S�J�O�U���B�[���F�H�Z�J�L���E�å�M�Ã�T���B���O�Z�B�L�J�������F�T���D�T�J�H�P�M�Z�B���Ã�T���B��
�O�B�H�Z�� �U�S�P�D�I�B�O�U�F�S�U�� �Ð�T�T�[�F�L�Ð�U�å�� �F�H�Z�F�O�F�T�
�� �W�B�M�B�N�J�O�U��
�B�� �O�Z�B�L�J�� �����F�T�� �D�T�J�H�P�M�Z�B�� �Ã�T�� �B�� �L�Ö�M�C�P�L�»�U�� �Ð�T�T�[�F�L�Ð�U�å��
�F�H�Z�F�O�F�T�� �»�M�U�B�M�� �C�F�[�»�S�U�� �T�[�Ð�H�
�� �N�Ç�H�� �B�� �N�»�T�J�L�� �E�å�M�Ã�T��
�B�� �O�Z�B�L�J�� �����F�T�� �D�T�J�H�P�M�Z�B�� �Ã�T�� �L�Ö�M�C�P�L�»�U�� �Ð�T�T�[�F�L�Ð�U�å��
�F�H�Z�F�O�F�T�
�� �W�B�M�B�N�J�O�U�� �B�� �U�B�M�B�K�S�B�� �»�M�M�Ç�U�P�U�U�� �N�F�S�å�M�F�H�F�T��
�»�M�U�B�M���C�F�[�»�S�U���T�[�Ð�H�����4�D�I�M�Ð�T�T�F�S���Ã�T���N�V�O�L�B�U�»�S�T�B�J���� a 
�5�,���Ã�T���-�-���Ã�S�U�Ã�L�F�L���N�F�M�M�F�U�U���T�B�D�S�V�N���Ã�T���N�F�E�F�O�D�F��
�E�å�M�Ã�T�U���N�Ã�S�U�F�L�
���U�F�M�K�F�T���H�F�S�J�O�D�S�F���W�P�O�B�U�L�P�[�Í���E�å�M�Ã�T�U��
�O�F�N���W�J�[�T�H�»�M�U�B�L����

�,�V�U�B�U�»�T�B�J�O�L�� �B�M�B�Q�K�»�O�� �N�F�H�»�M�M�B�Q�Ç�U�P�U�U�V�L�
�� �I�P�H�Z��
�N�J�O�E�L�Ã�U�� �D�T�P�Q�P�S�U�C�B�O�� �	�)�1�
�� �#�1�
�� �B�� �W�J�[�T�H�»�M�U�� �T�[�F��
�N�Ã�M�Z�� �O�F�N�F�� �B�� �5�,�� �Ã�T�� �-�-�� �T�[�Ð�H�Ã�S�U�Ã�L�F�� �N�F�M�M�F�U�U�� �B��
�5�5�*�� �Ã�T�� �-�*�� �T�[�Ð�H�Ã�S�U�Ã�L�Ã�U�� �J�T�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�� �C�F��
�G�P�M�Z�»�T�P�M�K�B�� �	5. táblázat�
���� �"�� �W�J�[�T�H�»�M�B�U�J�� �F�S�F�E�N�Ã��
�O�Z�Ö�O�L���B�M�B�Q�K�»�O���B���O�P�S�N�»�M���Ã�S�U�Ã�L�F�L�F�U���F�H�Z�Ã�S�U�F�M�N�é��
�F�O���O�F�N�F�O�L�Ã�O�U�J���C�P�O�U�»�T�C�B�O���L�F�M�M���N�F�H�B�E�O�J����

�"�[�� �Ã�M�F�U�L�P�S�� �C�F�G�P�M�Z�»�T�P�M�Í�� �I�B�U�»�T�»�O�B�L�� �W�J�[�T�H�»�M�B�U�B��
�O�F�N���N�V�U�B�U�P�U�U���F�H�Z�Ã�S�U�F�M�N�é���F�S�F�E�N�Ã�O�Z�U���	5. ábra�
����
�"�� �M�»�O�Z�P�L�� �F�T�F�U�Ã�O�� �B�[�� �Ã�M�F�U�L�P�S�� �B�� �5�,�� �Ã�T�� �-�-�� �T�[�Ð��
�H�F�L�� �Ã�S�U�Ã�L�F�J�U�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�
�� �N�Ç�H�� �B�� �5�5�*�� �Ã�T�� �-�*��
�T�[�Ð�H���Ã�S�U�Ã�L�F�L�F�U���T�[�J�H�O�J�ø�L�»�O�T�B�O���O�F�N���C�F�G�P�M�Z�»�T�P�M��
�U�B�� �	5. ábra�
���� �"�� �ø�Ô�L�� �F�T�F�U�Ã�O�� �F�[�� �Q�P�O�U�� �F�M�M�F�O�U�Ã�U�F�T����
�B�[�� �Ã�M�F�U�L�P�S�� �B�� �5�,�� �Ã�T�� �-�-�� �T�[�Ð�H�F�L�� �Ã�S�U�Ã�L�F�J�U�� �T�[�J�H��
�O�J�ø�L�»�O�T�B�O�� �O�F�N�
�� �N�Ç�H�� �B�� �5�5�*�� �Ã�T�� �-�*�� �T�[�Ð�H�Ã�S�U�Ã��
�L�F�L�F�U�� �T�[�J�H�O�J�ø�L�»�O�T�B�O�� �C�F�G�P�M�Z�»�T�P�M�U�B�� �	5. ábra�
����
�"�[�� �J�S�P�E�B�M�N�J�� �B�E�B�U�P�L�� �J�T�� �F�M�M�F�O�U�N�P�O�E�»�T�P�T�B�L����
�(�I�B�O�E�I�B�S�J���Ã�T���N�U�T�B7 �J�S�»�O�J�������������Ã�W�F�T���Q�P�Q�V�M�»�D�J�Í��
�W�J�[�T�H�»�M�B�U�B���	�»�U�M�B�H�P�T���Ã�M�F�U�L�P�S�������
�����‹�����
���
���B�M�B�Q�K�»�O��
�N�F�H�»�M�M�B�Q�Ç�U�P�U�U�B�
�� �I�P�H�Z�� �B�� �L�Z�Q�I�P�T�J�T�� �N�Ã�S�T�Ã�L�F�M�U�F�O��
�M�B�Q�P�T�B�C�C�
�� �N�J�O�U�� �B�[�� �F�V�S�Í�Q�B�J�� �Q�P�Q�V�M�»�D�J�Í�� �Ã�S�U�Ã�L�F����
�(�I�B�O�E�I�B�S�J�� �Ã�T�� �N�U�T�B3�� �W�J�[�T�H�»�M�B�U�»�I�P�[�� �I�B�T�P�O�M�Í�B�O��
�W�J�[�T�H�»�M�B�U�J�� �F�S�F�E�N�Ã�O�Z�F�J�O�L�� �T�[�J�O�U�Ã�O�� �O�B�H�Z�� �T�[�Í�S�»�T�U��
�N�V�U�B�U�U�B�L���N�J�O�E���5�,�
���N�J�O�E���-�-���T�[�Ð�H���F�T�F�U�Ã�O�����)�B��
�(�I�B�O�E�I�B�S�J���Ã�T���N�V�O�L�B�U�»�S�T�B�J7���F�S�F�E�N�Ã�O�Z�F�J�U���	�5�,��
���� �����
���Š���‹�� ���
���Š���Ã�T���-�-�� ���� �����
���Š���‹�� �����
���Š�
�� �N�J�O�U��
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������ �Ã�W�F�T�� �»�U�M�B�H�Ã�M�F�U�L�P�S�Ô�� �H�Z�F�S�N�F�L�F�L�� �F�S�F�E�N�Ã�O�Z�F�J�U��
�U�F�L�J�O�U�K�Ö�L�
�� �B�L�L�P�S�� �B�� �T�B�K�»�U�
�� ������ �Ã�W�F�T�� �H�Z�F�S�N�F�L�F�L��
�O�Ã�M���N�F�H�I�B�U�»�S�P�[�P�U�U���»�U�M�B�H�Ã�S�U�Ã�L�F�L�L�F�M���K�Í���F�H�Z�F�[�Ã�T�U��
�N�V�U�B�U�O�B�L���� �$�J�M�� �Ã�T�� �N�U�T�B17�� �������� �F�H�Ã�T�[�T�Ã�H�F�T�� �H�Z�F�S��
�N�F�L�� �S�Ð�O�U�H�F�O�G�F�M�W�Ã�U�F�M�Ã�U�� �F�M�F�N�F�[�U�F���� �"�� �H�Z�F�S�N�F��
�L�F�L�� �N�P�[�H�»�T�T�[�F�S�W�J�� �T�[�F�N�Q�P�O�U�C�Í�M�� �F�H�Ã�T�[�T�Ã�H�F�T�F�L��
�W�P�M�U�B�L���� �"�[�� �F�H�Z�Ã�C�� �J�O�E�J�L�»�D�J�Í�� �B�M�B�Q�K�»�O�� �	�Q�M���� �B�M�T�Í��
�M�Ã�H�Ô�U�J�� �J�O�G�F�D�U�J�P�
�� �F�H�Z�Ã�C�� �W�»�[�S�F�O�E�T�[�F�S�J�� �F�M�W�»�M�U�P�[�»�T�
��
�L�Ã�T�[�Ö�M�U�� �P�M�E�B�M�J�S�»�O�Z�Ô�� �N�F�M�M�L�B�T�� �G�F�M�W�Ã�U�F�M�F�L�F�U�� �U�F�S��
�K�F�T�[�U�F�U�U�Ã�L�� �L�J�� �B�� �U�F�M�K�F�T�� �H�F�S�J�O�D�S�F�
�� �W�B�M�B�N�J�O�U�� �B�� �N�F��
�E�F�O�D�Ã�S�F�
���Ã�T���P�S�U�P�Q�Ã�E�J�B�J���T�[�F�N�Q�P�O�U�P�L���B�M�B�Q�K�»�O���Ã�S��
�U�Ã�L�F�M�U�Ã�L�����"���H�Z�F�S�N�F�L�F�L�F�U�������D�T�P�Q�P�S�U�C�B���P�T�[�U�P�U�U�»�L��
�B�[�� �Ã�M�F�U�L�P�S�V�L�� �B�M�B�Q�K�»�O�� �	�*���������
�� �*�*���������
�� �*�*�*�������������
��
�*�7���������������Ã�W�
�����"���5�,���Ã�S�U�Ã�L�F�U���ø�H�Z�F�M�W�F���������������Ã�W�F�T��
�Ã�M�F�U�L�P�S�C�B�O�� �I�J�S�U�F�M�F�O�� �D�T�Ð�L�L�F�O�Ã�T�� �ø�H�Z�F�M�I�F�U�å�� �N�F�H��
�	�����
���Š���‹�������
���Š�
���N�J�O�����������Š���N�B�Y�����������Š�
�����&�[�[�F�M���F�M��
�M�F�O�U�Ã�U�C�F�O���B���-�-���Ã�S�U�Ã�L�F�L���B���I�B�S�N�B�E�J�L���D�T�P�Q�P�S�U�C�B�O��
�I�J�S�U�F�M�F�O�� �O�Ð�W�F�L�F�E�Ã�T�U�� �N�V�U�B�U�U�B�L�� �	�������
���Š�� �‹�� �����
���Š��
�N�J�O������ �������Š�� �N�B�Y������ �������Š�
���� �"�� �T�B�K�»�U�� �W�J�[�T�H�»�M�B�U�V�O�L��
�B�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �M�F�»�O�Z�P�L�� �B�E�B�U�B�J�C�B�O�� �B�� �5�,��
�T�[�Ð�H���Ã�S�U�Ã�L�F�J�U���B�[���Ã�M�F�U�L�P�S���T�[�J�H�O�J�ø�L�»�O�T�B�O���C�F�G�P�M�Z�»��
�T�P�M�U�B�
�� �E�F�� �B�[�� �Ã�M�F�U�L�P�S�� �O�Ð�W�F�L�F�E�Ã�T�Ã�W�F�M�� �B�� �5�,�� �T�[�Ð�H��
�Ã�S�U�Ã�L�F�� �D�T�Ð�L�L�F�O�Ã�T�U�� �N�V�U�B�U�P�U�U�
�� �B�N�J�� �N�F�H�F�H�Z�F�[�J�L��
�4�D�I�M�Ð�T�T�F�S���Ã�T���N�V�O�L�B�U�»�S�T�B�J�������S�B�E�J�P�M�Í�H�J�B�J���W�J�[�T�H�»��
�M�B�U�P�L���F�M�F�N�[�Ã�T�Ã�W�F�M���U�F�U�U���N�F�H�»�M�M�B�Q�Ç�U�»�T�B�J�W�B�M�����"���-�-��
�Ã�S�U�Ã�L�F�L�C�F�O���O�F�N���W�P�M�U���T�[�J�H�O�J�ø�L�»�O�T���L�Ö�M�Ð�O�C�T�Ã�H���B��
�L�P�S�� �F�M�å�S�F�I�B�M�B�E�U�»�W�B�M���� �"�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �ø�Ô�L��
�F�T�F�U�Ã�O���B���5�,���Ã�T���-�-���Ã�S�U�Ã�L�F�J�U���B�[���Ã�M�F�U�L�P�S���O�F�N���C�F��
�G�P�M�Z�»�T�P�M�U�B�����"���W�J�[�T�H�»�M�B�U�B�J�O�L���F�S�F�E�N�Ã�O�Z�F���B�M�B�Q�K�»�O��
�B�[�� �Ã�M�F�U�L�P�S�� �C�F�G�P�M�Z�»�T�P�M�Í�� �T�[�F�S�F�Q�F�� �O�F�N�� �F�H�Z�Ã�S�U�F�M��
�N�é�
���O�F�N�F�O�L�Ã�O�U���F�M�M�F�O�U�N�P�O�E�»�T�P�T���	5. ábra�
�
���Ç�H�Z��
�B�[���F���T�[�F�S�J�O�U�J���D�T�P�Q�P�S�U�P�T�Ç�U�»�T���O�F�N���B�K�»�O�M�P�U�U����

�"���U�F�T�U�N�B�H�B�T�T�»�H���T�[�F�S�J�O�U�J���D�T�P�Q�P�S�U�P�T�Ç�U�»�T���F�M�F�N�[�Ã�T�F��
�	6-7. ábra�
���B�[�U���N�V�U�B�U�K�B�
���I�P�H�Z���D�T�B�L���B���5�,���T�[�Ð�H��
�Ã�S�U�Ã�L�� �F�T�F�U�Ã�O�� �L�B�Q�U�V�O�L�� �F�M�M�F�O�U�Ã�U�F�T�� �F�S�F�E�N�Ã�O�Z�U�� �B��
�ø�Ô�L���Ã�T���M�»�O�Z�P�L���D�T�P�Q�P�S�U�P�T�Ç�U�»�T�»�C�B�O�����"���I�F�M�Z�F�T���U�F�T�U��
�U�B�S�U�»�T�Ô���M�»�O�Z�P�L���F�T�F�U�Ã�O���B���5�,���T�[�Ð�H���Ã�S�U�Ã�L�F���B���U�F�T�U��
�N�B�H�B�T�T�»�H�� �O�Ð�W�F�L�F�E�Ã�T�Ã�W�F�M�� �D�T�Ð�L�L�F�O�å�� �U�F�O�E�F�O�D�J�»�U��
�N�V�U�B�U�
���N�Ç�H���B���ø�Ô�L���5�,���Ã�S�U�Ã�L�F�J�C�F�O���B�����������D�N���F�T��
�U�F�T�U�N�B�H�B�T�T�»�H�J�H���O�Ð�W�F�L�W�å���U�F�O�E�F�O�D�J�»�U���M�»�U�I�B�U�V�O�L����
�"���I�B�O�Z�B�H���U�F�T�U�U�B�S�U�»�T�Ô���M�»�O�Z�P�L���F�T�F�U�Ã�C�F�O���B���5�,���Ã�S��
�U�Ã�L���T�[�J�O�U�Ã�O���D�T�Ð�L�L�F�O�å�
���E�F���O�F�N���T�[�J�H�O�J�ø�L�»�O�T���U�F�O��
�E�F�O�D�J�»�U�� �N�V�U�B�U�� �B�� �U�F�T�U�N�B�H�B�T�T�»�H�� �O�Ð�W�F�L�F�E�Ã�T�Ã�W�F�M����
�"�� �W�J�[�T�H�»�M�B�U�J�� �F�S�F�E�N�Ã�O�Z�F�J�O�L�� �T�U�B�U�J�T�[�U�J�L�B�J�� �G�F�M�E�P�M��

�H�P�[�»�T�B�� �B�M�B�Q�K�»�O�� �	6-7. ábra�
�� �B�� �K�B�W�B�T�M�B�U�� �B�[�
�� �I�P�H�Z��
�O�F�N�F�O�L�Ã�O�U�J���C�P�O�U�»�T���N�F�M�M�F�U�U���N�J�O�E���B���O�Ã�H�Z���	�5�,�
��
�-�-�
���5�5�*�
���-�*�
���T�[�Ð�H���Ã�S�U�Ã�L�Ã�O�F�L���O�P�S�N�»�M�U�B�S�U�P�N�»��
�O�Z�»�U���N�J�O�E�L�Ã�U���D�T�P�Q�P�S�U���F�T�F�U�Ã�O���	�)�1�
���#�1�
���U�F�T�U�N�B��
�H�B�T�T�»�H���T�[�F�S�J�O�U���D�T�P�Q�P�S�U�P�L�C�B�O���D�Ã�M�T�[�F�S�é���N�F�H�B�E�O�J��

�"���L�V�U�B�U�»�T���N�»�T�P�E�J�L���D�Ã�M�K�B���B�O�O�B�L���N�F�H�»�M�M�B�Q�Ç�U�»�T�B�
��
�I�P�H�Z�� �B�� �I�F�M�Z�F�T�� �U�F�T�U�U�B�S�U�»�T�Ô�� �H�Z�F�S�N�F�L�F�L�� �5�,�
�� �-�-�
��
�5�5�*���Ã�T���-�*���Ã�S�U�Ã�L�F�J���F�M�U�Ã�S�O�F�L���F���B���I�B�O�Z�B�H���U�F�T�U�U�B�S��
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Mathematical description of the human spine using the results of in-vivo electromagnetic- 
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1. Bevezetés

�"���H�Z�F�S�N�F�L�F�L���U�B�S�U�»�T�»�O�B�L���S�F�O�E�T�[�F�S�F�T���»�M�M�B�Q�P�U�G�F�M-
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�S�»�M�J�T�� �H�F�S�J�O�D���F�M�W�»�M�U�P�[�»�T�P�L�� �N�F�H�F�M�å�[�Ã�T�Ã�C�F�O�� �F�M�F�O-
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�U�B�U�»�T�P�L�� �O�F�N�� �I�B�T�[�O�»�M�U�»�L�� �L�J�� �B�[�U�� �B�� �M�F�I�F�U�å�T�Ã�H�F�U�
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�I�P�H�Z�� �N�Ã�S�Ã�T�F�J�L�� �T�P�S�»�O�� �B�� �H�F�S�J�O�D�� �U�Ð�C�C�� �Q�P�O�U�K�»�O�B�L��
�U�Ã�S�C�F�M�J�� �L�P�P�S�E�J�O�»�U�»�K�B�� �J�T�� �S�F�O�E�F�M�L�F�[�Ã�T�S�F�� �»�M�M���� �,�V-
�U�B�U�»�T�V�O�L�C�B�O�� �B�� �H�F�S�J�O�D�� �B�M�B�L�K�»�U�� �M�F�Ç�S�Í�� �F�H�Z�F�O�M�F�U�F�L��
�Q�B�S�B�N�Ã�U�F�S�F�J�U���B���H�F�S�J�O�D���L�Ð�[�F�M�����������Q�P�O�U�K�»�O�B�L���U�Ã�S-
�C�F�M�J���L�P�P�S�E�J�O�»�U�»�J�U���G�F�M�I�B�T�[�O�»�M�W�B���'�P�V�S�J�F�S���Ã�T���T�Q�M�J�O�F��
�N�Í�E�T�[�F�S�S�F�M�� �I�B�U�»�S�P�[�U�V�L�� �N�F�H���� �'�F�M�U�Ã�U�F�M�F�[�Ã�T�Ö�O�L�
��
�I�P�H�Z�� �F�[�[�F�M�� �B�� �N�Í�E�T�[�F�S�S�F�M�� �B�� �H�F�S�J�O�D�� �B�M�B�L�K�B�� �Q�P�O-
�U�P�T�B�C�C�B�O�� �K�F�M�M�F�N�F�[�I�F�U�å�
�� �N�J�O�U�� �B�� �L�Ã�U�� �T�[�Ð�H�� �	�5�,�
��
�-�-�
���Ã�S�U�Ã�L�Ã�W�F�M��

2. Elméleti alapok – a Fourier és spline illesz-
tés

�"�� �H�F�S�J�O�D�� �B�M�B�L�K�»�O�B�L�� �N�B�U�F�N�B�U�J�L�B�J�� �M�F�Ç�S�»�T�»�S�B�� �B��
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�"�� �'�P�V�S�J�F�S���J�M�M�F�T�[�U�Ã�T�� �B�M�L�B�M�N�B�[�»�T�B�L�P�S�� �B�� �H�F�S�J�O�D��
�B�M�B�L�K�»�U���	�O�F�N�M�J�O�F�»�S�J�T���M�F�H�L�J�T�F�C�C���O�Ã�H�Z�[�F�U�F�L���N�Í�E-
�T�[�F�S�Ã�W�F�M�
���B���L�Ð�W�F�U�L�F�[�å���G�P�S�N�»�C�B�O���L�F�S�F�T�T�Ö�L��

 

�"�� �T�Q�M�J�O�F�� �J�M�M�F�T�[�U�Ã�T�F�� �T�P�S�»�O�� �F�H�Z�� �Q�F�S�F�N�Ã�S�U�Ã�L�� �G�F�M-
�B�E�B�U�P�U���L�F�M�M���N�F�H�P�M�E�B�O�V�O�L�
���B�I�P�M���B�[���b�T�o���G�Ö�H�H�W�Ã�O�Z��
�N�J�O�J�N�B�M�J�[�»�M�K�B���B�[���F�O�F�S�H�J�B���G�V�O�L�D�J�P�O�»�M�U��

(2)

�"�� �L�B�Q�P�U�U�� �T�[�B�L�B�T�[�P�T�� �J�O�U�F�S�Q�P�M�»�D�J�Í�T�� �I�B�S�N�B�E-
�S�F�O�E�é���Q�P�M�J�O�P�N���G�Ö�H�H�W�Ã�O�Z��C2���G�P�M�Z�U�P�O�P�T���B�[���F�H�Z�F�T��
�T�[�B�L�B�T�[�P�L�� �L�B�Q�D�T�P�M�Í�E�»�T�J�� �Q�P�O�U�K�»�C�B�O�� �	�L�P�O�U�S�P�M�M-
�Q�P�O�U�P�L�
�
���Ç�H�Z���B���H�Ð�S�C�F���L�F�W�Ã�T�C�Ã���P�T�[�D�J�M�M�»�M�Í�����)�»�U�S�»-
�O�Z�B�
�� �I�P�H�Z�� �T�P�L�� �J�T�N�F�S�F�U�M�F�O�F�T�� �F�H�Z�F�O�M�F�U�S�F�O�E�T�[�F�S�U��
�L�F�M�M���N�F�H�P�M�E�B�O�J�
���Ã�T���N�J�O�E�F�O���M�P�L�»�M�J�T���W�»�M�U�P�[�»�T�O�B�L��
�H�M�P�C�»�M�J�T���I�B�U�»�T�B���W�B�O����

 
min(x)s  

2
1

][ �œ 2 � �c�c� 
b

a

dxsJ

0
1

cos( ) sin .( )
n

i i
i

y a a nwx b nwx
� 

�  � � � ˜ � � � ˜�¦ (1)
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3. Anyag és módszer

3.1. A gerinc alakjának meghatározása

�"���H�F�S�J�O�D���B�M�B�L�K�»�U���K�F�M�M�F�N�[�å���Q�P�O�U�P�L���U�Ã�S�C�F�M�J���I�F�M�Z-
�[�F�U�Ã�O�F�L�� �N�F�H�I�B�U�»�S�P�[�»�T�»�I�P�[�� �;�F�C�S�J�T�� �$�.�4��
�)�4�� �S�F�O�E�T�[�F�S�U�� �	�8�*�/�4�Q�J�O�F�� �B�M�S�F�O�E�T�[�F�S�S�F�M�
�� �Ã�T��
�4�Q�J�O�B�M�5�P�V�D�I���N�Ã�S�å�S�F�O�E�T�[�F�S�F�L�F�U���I�B�T�[�O�»�M�U�V�O�L��

�"�� �;�F�C�S�J�T�� �$�.�4���)�4�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô�� �N�Ã�S�å-
�S�F�O�E�T�[�F�S�� �I�»�S�P�N�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô�� �B�E�Í�U�� �U�B�S-
�U�B�M�N�B�[�Í�� �N�Ã�S�å�G�F�K�C�å�M�
�� �I�»�S�P�N�� �V�M�U�S�B�I�B�O�H���B�M�B�Q�Ô��
�Ã�S�[�Ã�L�F�M�å���T�[�F�O�[�P�S�C�Í�M�
�� �J�M�M�F�U�W�F���F�H�Z���L�Ã�U���V�M�U�S�B�I�B�O�H��
�W�F�W�å�U���U�B�S�U�B�M�N�B�[�Í�� �K�F�M�Ð�M�å�D�F�S�V�[�»�C�Í�M���»�M�M���� �"�� �N�Ã�S�å-
�S�F�O�E�T�[�F�S�� �N�Ã�S�Ã�T�J�� �G�S�F�L�W�F�O�D�J�»�K�B�� �������� �)�[���� �"�� �H�F-
�S�J�O�D���W�P�O�B�M�»�O���$�����O�Z�B�L�J���D�T�J�H�P�M�Z�»�U�Í�M���B�[���4�����»�H�Z�Ã-
�L�J�� �D�T�J�H�P�M�Z�»�J�H�� �W�Ã�H�J�H�W�F�[�F�U�W�F�� �B�� �H�F�S�J�O�D�F�O�� �L�C���� ��������
�Q�P�O�U���U�Ã�S�C�F�M�J���I�F�M�Z�[�F�U�Ã�U���N�Ã�S�J���Ã�T���S�Ð�H�[�Ç�U�J���� A mért 
�Q�P�O�U�P�L�C�Í�M�� �T�[�»�N�Ç�U�K�B�� �B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�P�L�� �U�Ã�S�C�F-
�M�J�� �I�F�M�Z�[�F�U�Ã�U�
�� �N�F�M�Z�C�å�M�� �B�� �C�F�Ã�Q�Ç�U�F�U�U�� �N�P�E�V�M�� �B�� �I�»�U�J��
�L�Z�Q�I�P�T�J�T���	�5�,�
���Ã�T���B���M�V�N�C�B�M�J�T���M�P�S�E�P�T�J�T���	�-�-�
���Ã�S-
�U�Ã�L�Ã�U���J�T���N�F�H�I�B�U�»�S�P�[�[�B��

�"�� �4�Q�J�O�B�M�5�P�V�D�I�� �F�M�F�L�U�S�P�N�»�H�O�F�T���B�M�B�Q�Ô�� �N�Ã�S�å-
�S�F�O�E�T�[�F�S���N�Ã�S�Ã�T�J���G�S�F�L�W�F�O�D�J�»�K�B�����������)�[�����"���H�F�S�J�O�D��
�W�P�O�B�M�»�O���$�����O�Z�B�L�J���D�T�J�H�P�M�Z�»�U�Í�M���B�[���4�����»�H�Z�Ã�L�J���D�T�J-
�H�P�M�Z�»�J�H�� �W�Ã�H�J�H�W�F�[�F�U�W�F�� �B�� �H�F�S�J�O�D�F�O�� �L�C���� �������� �Q�P�O�U��
�U�Ã�S�C�F�M�J���I�F�M�Z�[�F�U�Ã�U���N�Ã�S�J���Ã�T���S�Ð�H�[�Ç�U�J������

�"���W�J�[�T�H�»�M�B�U���T�P�S�»�O���B���H�Z�F�S�N�F�L���U�F�T�U�U�B�S�U�»�T�»�O�B�L���G�F�M-
�W�Ã�U�F�M�F�L�P�S���G�P�L�P�[�P�U�U�B�O���Ö�H�Z�F�M�O�J���L�F�M�M���B�S�S�B�
���I�P�H�Z���B��
�M�B�Q�P�D�L�B�
���B���G�F�K�
���B���N�F�E�F�O�D�F�
���B���W�»�M�M�B�L�
���B���U�Ã�S�E�F�L���Ã�T��
�B���C�P�L�»�L���F�H�Z���G�S�P�O�U�»�M�J�T���T�Ç�L�Ô�
���B���U�F�T�U���L�Ð�[�Ã�Q�W�P�O�B�M�»�O��
�»�U�I�B�M�B�E�Í�� �L�Ã�Q�[�F�M�F�U�C�F�M�J�� �U�F�O�H�F�M�Z�S�F�� �T�[�J�N�N�F�U�S�J�L�V-
�T�B�O�� �J�M�M�F�T�[�L�F�E�K�F�O�F�L���� �"�� �H�F�S�J�O�D�� �B�M�B�L�K�»�U�� �K�F�M�M�F�N�[�å��
�U�Ã�S�C�F�M�J�� �L�P�P�S�E�J�O�»�U�»�L�B�U�� �F�M�å�T�[�Ð�S�� �B�� �;�F�C�S�J�T�� �N�Ã�S�å-
�S�F�O�E�T�[�F�S�S�F�M�� �I�B�U�»�S�P�[�U�V�L�� �N�F�H�
�� �N�B�K�E�� �B�� �U�F�T�U�I�F�M�Z-
�[�F�U�� �L�P�S�S�J�H�»�M�»�T�B�� �Ã�T�� �N�F�H�U�B�S�U�»�T�B�� �V�U�»�O�� �B�� �4�Q�J�O�B�M��
�5�P�V�D�I���S�F�O�E�T�[�F�S�S�F�M��

3.2. A kiértékelés módszertana

�"�������������G�F�K�F�[�F�U�C�F�O���M�F�Ç�S�U���N�Ã�S�å�S�F�O�E�T�[�F�S�F�L���T�F�H�Ç�U�T�Ã-
�H�Ã�W�F�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U�� �M�Ã�Q�Ã�T�F�L�� �B�M�B�Q�K�»�O�� �B�[�� �F�H�Z�F�T��
�Q�»�D�J�F�O�T�F�L���H�F�S�J�O�D�B�M�B�L�K�»�U���K�F�M�M�F�N�[�å���U�Ã�S�C�F�M�J���L�P�P�S-

�E�J�O�»�U�»�L�� �N�F�H�I�B�U�»�S�P�[�I�B�U�Í�B�L���� �"�� �S�F�O�E�F�M�L�F�[�Ã�T�S�F��
�»�M�M�Í�� �H�F�S�J�O�D�L�P�P�S�E�J�O�»�U�»�L�� �B�M�B�Q�K�»�O�� �T�B�H�J�U�U�B�M�J�T�� �T�Ç�L-
�C�B�O�� �B�� �H�F�S�J�O�D�B�M�B�L�� �K�F�M�M�F�N�F�[�I�F�U�å�� �B�� �S�»�� �J�M�M�F�T�[�U�F�U�U��
�G�Ö�H�H�W�Ã�O�Z�� �B�M�B�L�K�»�W�B�M�� �	�F�H�Z�Ö�U�U�I�B�U�Í�L�
�� �H�Ð�S�C�Ö�M�F�U�
��
�T�U�C���
�� �Ã�T�� �B�� �H�Ð�S�C�Ã�L�� �J�O�ù�F�Y�J�Í�T�� �Q�P�O�U�K�B�J�C�B�� �I�Ô�[�P�U�U��
�Ã�S�J�O�U�å���W�B�H�Z���b�L�Ð�[�F�M�Ç�U�å�F�O�o���Ã�S�J�O�U�å���F�H�Z�F�O�F�T�F�L���»�M�U�B�M��
�C�F�[�»�S�U���T�[�Ð�H�F�L�L�F�M���	�Q�Í�U�T�[�Ð�H�F�L�L�F�M�
�����,�Ã�U�E�J�N�F�O�[�J-
�Í�T���F�T�F�U�C�F�O�
���B�[�B�[���T�B�H�J�U�U�B�M�J�T���T�Ç�L�C�B�O���B���H�F�S�J�O�D�B�M�B�L��
�M�F�H�J�O�L�»�C�C���B�[���F�H�Z�F�T���H�F�S�J�O�D���H�Ð�S�C�Ö�M�F�U�F�L���q���B���I�»�U�J��
�L�Z�Q�I�P�T�J�T�� �Ã�T�� �»�H�Z�Ã�L�J�� �M�P�S�E�P�T�J�T�� �q�� �F�H�Z���F�H�Z�� �G�P�L�� �E�J-
�N�F�O�[�J�Í�K�Ô���Ã�S�U�Ã�L�Ã�W�F�M���K�F�M�M�F�N�F�[�I�F�U�K�Ö�L��

3.2.1. Hagyományos módszer

�;�F�C�S�J�T�� �N�Ã�S�å�S�F�O�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B�� �F�T�F�U�Ã�O��
�S�F�O�E�F�M�L�F�[�Ã�T�S�F�� �»�M�M�O�B�L�� �B�[�� �F�H�Z�F�T�� �H�F�S�J�O�D�D�T�J�H�P-
�M�Z�»�L�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�J�O�B�L�� �L�P�P�S�E�J�O�»�U�»�J�� �J�T���� �&�O-
�O�F�L�� �T�F�H�Ç�U�T�Ã�H�Ã�W�F�M�� �B�� �I�»�U�J�� �L�Z�Q�I�P�T�J�T�I�P�[�� �Ã�T�� �»�H�Z�Ã�L�J��
�M�P�S�E�P�T�J�T�I�P�[���U�B�S�U�P�[�Í���T�[�Ð�H���Ã�S�U�Ã�L�F�L���B�[���P�S�W�P�T�J���H�Z�B-
�L�P�S�M�B�U�C�B�O�� �I�B�H�Z�P�N�»�O�Z�P�T�B�O�� �B�M�L�B�M�N�B�[�P�U�U�� �N�Í�E-
�T�[�F�S�F�L���	�E�å�M�Ã�T�N�V�U�B�U�Í���N�Í�E�T�[�F�S�
���B�M�B�Q�K�»�O���J�T���N�F�H-
�I�B�U�»�S�P�[�I�B�U�Í�B�L���B�[���B�M�»�C�C�J�B�L���B�M�B�Q�K�»�O����

�#�J�[�P�O�Z�P�T���D�T�J�H�P�M�Z�»�L�S�B���J�M�M�F�T�[�U�F�U�U���F�H�Z�F�O�F�T�F�L���»�M�U�B�M��
�C�F�[�»�S�U���Q�Í�U�T�[�Ð�H�F�L���N�F�H�I�B�U�»�S�P�[�»�T�B��
���� �B�� �T�B�H�J�U�U�B�M�J�T�� �T�Ç�L�C�B�O�� �	�O�Z�Ç�M�J�S�»�O�Z�Ô�� �L�Ð�[�Ã�Q�T�Ç�L-

�C�B�O�
�� �B�� �I�»�U�J�� �L�Z�Q�I�P�T�J�T�� �T�[�Ð�H�Ã�S�U�Ã�L�Ã�U���� ������ �Ã�T�� ������
�I�»�U�J�� �D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�
�� �W�B�M�B�N�J�O�U�� �B��
���������Ã�T�����������I�»�U�J���D�T�J�H�P�M�Z�B���U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B���»�M�U�B�M��
�N�F�H�I�B�U�»�S�P�[�P�U�U�� �F�H�Z�F�O�F�T�F�L�� �L�J�F�H�Ã�T�[�Ç�U�å�� �T�[�Ð-
�H�Ã�U��

 - �B�� �T�B�H�J�U�U�B�M�J�T�� �T�Ç�L�C�B�O�� �B�� �M�V�N�C�B�M�J�T�� �M�P�S�E�P�T�J�T��
�T�[�Ð�H�Ã�S�U�Ã�L�Ã�U�����������Ã�T���������M�V�N�C�B�M�J�T���D�T�J�H�P�M�Z�B���U�Ð-
�W�J�T�O�Z�Ô�M�W�»�O�Z�B�
�� �W�B�M�B�N�J�O�U�� ������ �Ã�T�� ������ �M�V�N�C�B�M�J�T��
�D�T�J�H�P�M�Z�B�� �U�Ð�W�J�T�O�Z�Ô�M�W�»�O�Z�B�� �»�M�U�B�M�� �N�F�H�I�B�U�»�S�P-
�[�P�U�U���F�H�Z�F�O�F�T�F�L���L�J�F�H�Ã�T�[�Ç�U�å���T�[�Ð�H�Ã�U��

3.2.2. Ötödfokú Fourier-görbére illesztett 
�Ã�S�J�O�U�å�L

�/�V�N�F�S�J�L�V�T���E�F�S�J�W�»�M�U�B�L���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���B���H�Ð�S�C�F���J�O�G-
�M�F�Y�J�Í�T���Q�P�O�U�K�B�J�C�B���J�M�M�F�T�[�U�F�U�U���Ã�S�J�O�U�å���F�H�Z�F�O�F�T�F�L���»�M-
�U�B�M���C�F�[�»�S�U���Q�Í�U�T�[�Ð�H�F�L�F�U���I�B�U�»�S�P�[�[�V�L���N�F�H��
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3.2.3. Szomszédos pontokra vett regressziós 
egyenes

�&�C�C�F�O�� �B�[�� �F�T�F�U�C�F�O�� �B�� �G�F�M�B�E�B�U�� �F�H�Z�� �T�[�Ã�M�T�å�Ã�S�U�Ã�L��
�L�F�S�F�T�Ã�T�J���G�F�M�B�E�B�U�
���B���U�Ô�M�I�B�U�»�S�P�[�P�U�U���F�H�Z�F�O�M�F�U�S�F�O�E-
�T�[�F�S�F�L�� �	�I�»�S�P�N�� �W�B�H�Z�� �U�Ð�C�C�� �T�[�P�N�T�[�Ã�E�P�T�� �Q�P�O�U�S�B��
�J�M�M�F�T�[�U�F�U�U�� �F�H�Z�F�O�F�T�
�� �M�F�H�L�J�T�F�C�C�� �O�Ã�H�Z�[�F�U�F�T�� �N�F�H-
�P�M�E�»�T�B�J�O�B�L�� �N�B�Y�J�N�»�M�J�T�� �Ã�T�� �N�J�O�J�N�»�M�J�T�� �N�F�S�F�E�F�L-
�T�Ã�H�F�J�U�� �L�F�S�F�T�W�F�� �B�[�� �F�H�Z�F�O�F�T�F�L�� �»�M�U�B�M�� �C�F�[�»�S�U�� �Q�Í�U-
�T�[�Ð�H�F�L�F�U�� �N�F�H�I�B�U�»�S�P�[�U�V�L���� �"�� �H�F�S�J�O�D�� �B�M�B�L�K�B�� �B�[��
�J�O�ù�F�Y�J�Í�T�� �Q�P�O�U�P�L�C�B�� �I�Ô�[�P�U�U�� �M�J�O�F�»�S�J�T�� �S�F�H�S�F�T�T�[�J�Í�T��
�F�H�Z�F�O�F�T�F�L���»�M�U�B�M���C�F�[�»�S�U���Q�Í�U�T�[�Ð�H�F�L�L�F�M���K�F�M�M�F�N�F�[-
�I�F�U�å��

�.�F�H�K�F�H�Z�[�F�O�E�å�
�� �I�P�H�Z�� �B�� �L�V�U�B�U�»�T�� �T�P�S�»�O�� �U�P�W�»�C�C�J��
�G�Ö�H�H�W�Ã�O�Z���J�M�M�F�T�[�U�Ã�T�J�� �Ã�T�� �Ã�S�J�O�U�å�� �N�F�H�I�B�U�»�S�P�[�»-
�T�J�� �N�Í�E�T�[�F�S�F�L�F�U�� �J�T�� �W�J�[�T�H�»�M�U�V�O�L���� �"�� �W�J�[�T�H�»�M�B�U�P�L��
�F�S�F�E�N�Ã�O�Z�F�J�� �B�[�U�� �N�V�U�B�U�U�»�L�
�� �I�P�H�Z�� �N�F�H�C�Ç�[�I�B�U�Í��
�F�S�F�E�N�Ã�O�Z�F�L�F�U���L�J�[�»�S�Í�M�B�H���B���G�F�O�U�J���N�Í�E�T�[�F�S�F�L���B�E-
�O�B�L��

3.3. A vizsgált személyek

�"���W�J�[�T�H�»�M�B�U�V�O�L�C�B���������	�������ø�Ô�
���������M�»�O�Z�
�
���������Ã�T��������
�Ã�W�� �L�Ð�[�Ð�U�U�J�� �F�H�Ã�T�[�T�Ã�H�F�T�� �H�Z�F�S�N�F�L�F�U�� �W�P�O�U�V�O�L�� �C�F����
�.�J�O�E�F�O���H�Z�F�S�N�F�L���F�T�F�U�Ã�O���4�Q�J�O�B�M�5�P�V�D�I���F�T�[�L�Ð�[-
�[�F�M�� �Ã�T�� �;�F�C�S�J�T�� �S�F�O�E�T�[�F�S�S�F�M�� �J�T�� �F�M�W�Ã�H�F�[�U�Ö�L�� �B�� �N�Ã-
�S�Ã�T�U���� �"�� �Q�»�D�J�F�O�T�F�L�� �B�O�U�S�P�Q�P�N�F�U�S�J�B�J�� �B�E�B�U�B�J�U�� �ø�Ô�L��
�Ã�T���M�»�O�Z�P�L���F�T�F�U�Ã�O���B�[��1. táblázat �U�B�S�U�B�M�N�B�[�[�B��

4. Statisztikai értékelés

4.1. Összehasonlítás módszere

�"���W�J�[�T�H�»�M�U���H�Z�F�S�N�F�L�F�L���B�E�B�U�B�J�C�Í�M���W�J�[�T�H�»�M�B�U�J���D�T�P-
�Q�P�S�U�P�O�L�Ã�O�U���	�M�»�O�Z�P�L���Ã�T���ø�Ô�L�
�
���Ã�T���W�J�[�T�H�»�M�B�U�J���N�Í�E-
�T�[�F�S�F�O�L�Ã�O�U�� �	�;�F�C�S�J�T�� �Ã�T�� �4�Q�J�O�B�M�5�P�V�D�I�
�� �B�� �I�»�U�J��
�L�Z�Q�I�P�T�J�T�� �Ã�T�� �»�H�Z�Ã�L�J�� �M�P�S�E�P�T�J�T�� �T�[�Ð�H�� �Ã�S�U�Ã�L�F�L�F�U�� �B��
���������� �G�F�K�F�[�F�U�C�F�O�� �M�F�Ç�S�U�� �N�Í�E�T�[�F�S�F�L�L�F�M�� �I�B�U�»�S�P�[�U�V�L��
�N�F�H�����$�T�P�Q�P�S�U�»�U�M�B�H�P�U���	�M�»�O�Z�P�L���Ã�T���ø�Ô�L�
�
���T�[�Í�S�»�T�U�
��
�S�F�M�B�U�Ç�W�� �T�[�Í�S�»�T�U�
�� �W�B�M�B�N�J�O�U�� �B�� �T�[�Ã�M�T�å�� �Ã�S�U�Ã�L�F�L�F�U�� �J�T��
�T�[�»�N�Ç�U�P�U�U�V�L��

�"�� ���������� �G�F�K�F�[�F�U�C�F�O�� �M�F�Ç�S�U�� �T�[�Ð�H�N�F�H�I�B�U�»�S�P�[�»�T�J��
�N�Í�E�T�[�F�S�F�L�L�F�M�� �L�B�Q�P�U�U�� �F�S�F�E�N�Ã�O�Z�F�L�F�U�� �W�J�[�T�H�»�M�B-
�U�J�� �D�T�P�Q�P�S�U�P�O�L�Ã�O�U�� �	�M�»�O�Z�P�L�� �Ã�T�� �ø�Ô�L�
�� �F�H�Z�N�J�O�U�»�T��
�U���Q�S�Í�C�»�W�B�M�� �W�F�U�F�U�U�Ö�L�� �Ð�T�T�[�F���� �"�� �T�[�Ð�H�� �N�F�H�I�B�U�»�S�P-
�[�»�T�J�� �N�Í�E�T�[�F�S�F�L�� �L�Ð�[�Ð�U�U�J�� �L�B�Q�D�T�P�M�B�U�P�U�� �1�F�B�S�T�P�O��
�G�Ã�M�F���L�P�S�S�F�M�»�D�J�Í�T���N�Í�E�T�[�F�S�S�F�M���W�J�[�T�H�»�M�U�V�L��

4.2. Az eredmények megjelenítése

�"�[�� 1.a ábrán�� �B�� �;�F�C�S�J�T�
�� �B�[��1.b ábrán a 
�4�Q�J�O�B�M�5�P�V�D�I�� �S�F�O�E�T�[�F�S�� �»�M�U�B�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U��
�Q�P�O�U�P�L�S�B���J�M�M�F�T�[�U�F�U�U���H�Ð�S�C�F���M�»�U�I�B�U�Í�����;�F�C�S�J�T���N�Ã�S�å-
�S�F�O�E�T�[�F�S���B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O���B���I�»�U�J���L�Z�Q�I�P�T�J�T���Ã�T��
�»�H�Z�Ã�L�J���M�P�S�E�P�T�J�T���T�[�Ð�H�F�L���Ã�S�U�Ã�L�F�J���B���I�B�H�Z�P�N�»�O�Z�P�T��
�N�Í�E�P�O�� �J�T�� �N�F�H�I�B�U�»�S�P�[�I�B�U�Í�L���� �"�� ���������� �Q�P�O�U�C�B�O��
�C�F�N�V�U�B�U�P�U�U�� �T�[�Ð�H�T�[�»�N�Ç�U�»�T�J�� �N�Í�E�T�[�F�S�F�L�� �B�M�B�Q�K�»�O��
�L�B�Q�P�U�U���F�S�F�E�N�Ã�O�Z�F�L�F�U���B��2. táblázat���U�B�S�U�B�M�N�B�[�[�B��

�.�F�H�ø�H�Z�F�M�I�F�U�å�
���I�P�H�Z���B�[���F�H�Z�F�T���T�[�Ð�H���N�F�H�I�B�U�»�S�P-
�[�»�T�J���N�Í�E�P�L�I�P�[���U�B�S�U�P�[�Í���D�T�P�Q�P�S�U�»�U�M�B�H�P�L���	�M�»�O�Z�P�L��
�Ã�T�� �ø�Ô�L�
�� �L�Ð�[�Ð�U�U�J�� �L�Ö�M�Ð�O�C�T�Ã�H�F�L�� ���í�����í�� �L�Ð�[�Ã�
�� �N�Ç�H��
�B���S�F�M�B�U�Ç�W���T�[�Í�S�»�T�P�L�� �L�Ð�[�Ð�U�U�J�� �L�Ö�M�Ð�O�C�T�Ã�H�F�L�����í�������í��
�L�Ð�[�Ã���B�E�Í�E�U�B�L�����"���N�J�O�J�N�V�N���Ã�T���N�B�Y�J�N�V�N���Ã�S�U�Ã-
�L�F�L���F�T�F�U�Ã�C�F�O���B���L�Ö�M�Ð�O�C�Ð�[�å���T�[�Ð�H�N�F�H�I�B�U�»�S�P�[�»�T�J��
�N�Í�E�T�[�F�S�F�L�L�F�M�� �L�B�Q�P�U�U�� �F�S�F�E�N�Ã�O�Z�F�L�� �L�Ð�[�Ð�U�U�� �M�Ã-
�O�Z�F�H�F�T���L�Ö�M�Ð�O�C�T�Ã�H�F�L���ø�H�Z�F�M�I�F�U�å�L���N�F�H�����-�»�U�I�B�U�Í�
��
�I�P�H�Z���B���'�P�V�S�J�F�S���N�Í�E�T�[�F�S���F�T�F�U�Ã�C�F�O���B���N�J�O�J�N�V�N��
�Ã�S�U�Ã�L�F�L�� �N�J�O�E�F�O�� �F�T�F�U�C�F�O�� �_���í�� �L�Ð�S�Ö�M�J�� �Ã�S�U�Ã�L�S�F��
�B�E�Í�E�U�B�L���� �›�M�U�B�M�»�O�P�T�T�»�H�C�B�O�� �F�M�N�P�O�E�I�B�U�Í�
�� �I�P�H�Z��
�B�� �L�Ö�M�Ð�O�C�Ð�[�å�� �T�[�Ð�H�N�F�H�I�B�U�»�S�P�[�»�T�J�� �N�Í�E�T�[�F�S�F�L��
�T�[�Ã�M�T�å�Ã�S�U�Ã�L�F�J���L�Ð�[�Ð�U�U���J�T���O�B�H�Z���F�M�U�Ã�S�Ã�T�F�L���B�E�Í�E�U�B�L����
�6�H�Z�B�O�B�L�L�P�S�� �B�� �L�Ö�M�Ð�O�C�Ð�[�å�� �N�Ã�S�å�S�F�O�E�T�[�F�S�F�L��

�+�F�M�M�F�N�[�å
Lányok Fiúk

Átlag Szórás Átlag Szórás

�£�M�F�U�L�P�S���<�Ã�W�> �����
������ ���
������ �����
������ ���
������

�5�Ð�N�F�H���<�L�H�> �����
������12,212 �����
������ �����
������

Magasság 
�<�D�N�> �������
������ ���
������ �������
������ ���
������

�(�F�S�J�O�D��
�U�F�M�K�F�T���I�P�T�T�[�B��
�<�N�N�>

�������
������ �����
������ �������
������ �����
������

�)�»�U�J���T�[�B-
�L�B�T�[���I�P�T�T�[�B��
�<�N�N�>

�������
������ �����
������ �������
������ �����
������

�›�H�Z�Ã�L�J���T�[�B-
�L�B�T�[���I�P�T�T�[�B��
�<�N�N�>

�������
������ �����
������ �������
������ �����
������

1. táblázat.���"���W�J�[�T�H�»�M�U���Q�»�D�J�F�O�T�F�L���T�U�B�U�J�T�[�U�J�L�B�J���B�E�B�U�B�J



53

Biomechanica Hungarica VIII. évfolyam, 2. szám

M
O

ZG
Á

S
V

IZ
S

G
Á

LA
T

 É
S

 -
T

E
R

Á
P

IA

�F�S�F�E�N�Ã�O�Z�F�J�O�F�L���Ð�T�T�[�F�W�F�U�Ã�T�F���F�T�F�U�Ã�O�������í���P�O���C�F-
�M�Ö�M�J���F�M�U�Ã�S�Ã�T�F�L���M�»�U�I�B�U�Í�B�L���	�'�P�V�S�J�F�S���Ã�T���S�F�H�S�F�T�T�[�J�Í�T��
�N�Í�E�T�[�F�S�
��

4.3. Szögek értékelése

Lányok

�"�[���Ð�U�Ð�E�G�P�L�Ô���'�P�V�S�J�F�S���	���������������G�F�K�F�[�F�U�
���Ã�T���B���M�J�O�F-
�»�S�J�T���S�F�H�S�F�T�T�[�J�Í���	���������������G�F�K�F�[�F�U�
���»�M�U�B�M���L�B�Q�P�U�U���I�»�U�J��
�L�Z�Q�I�P�T�J�T�� �Ã�T�� �»�H�Z�Ã�L�J�� �M�P�S�E�P�T�J�T�� �T�[�Ð�H�� �Ã�S�U�Ã�L�F�J�O�F�L��
�Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B�� �4�Q�J�O�B�M�5�P�V�D�I�� �	2.a ábra�
�� �Ã�T��
�;�F�C�S�J�T���	2.b ábra�
���N�Ã�S�å�S�F�O�E�T�[�F�S�F�L���B�M�L�B�M�N�B�[�»�T�B��
esetén a 2. ábrán���M�»�U�I�B�U�Í��

A 2.a és 2.b ábrákon���M�»�U�I�B�U�Í�������F�T���Ã�T�������F�T���U�B�S�U�P-
�N�»�O�Z�P�L�� �B�[�U�� �N�V�U�B�U�K�»�L�
�� �I�P�H�Z�� �T�[�»�N�P�T�� �Q�P�O�U�� �F�T�F-
�U�Ã�C�F�O���O�B�H�Z�P�O���L�Ö�M�Ð�O�C�Ð�[�å���F�S�F�E�N�Ã�O�Z�F�L���B�E�Í�E�U�B�L����
�&�O�O�F�L���P�L�B�
���I�P�H�Z���B���'�P�V�S�J�F�S���J�M�M�F�T�[�U�Ã�T���F�H�Z�F�T���J�O�ù�F-
�Y�J�Í�T���Q�P�O�U�P�L���I�J�»�O�Z�B���N�J�B�U�U���U�Ð�C�C���F�T�F�U�C�F�O���F�H�Z�»�M�U�B-
�M�»�O���O�F�N���B�E���F�S�F�E�N�Ã�O�Z�U��

A 3. ábra�� �B�� �;�F�C�S�J�T�� �N�Ã�S�å�S�F�O�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B��
�F�T�F�U�Ã�O�� �B�� �I�B�H�Z�P�N�»�O�Z�P�T�� �N�Í�E�T�[�F�S�� �Ã�T�� �B�� �M�J�O�F�»�S�J�T��
�S�F�H�S�F�T�T�[�J�Í�T�� �N�Í�E�T�[�F�S�� �»�M�U�B�M�� �L�B�Q�P�U�U�� �F�S�F�E�N�Ã�O�Z�F�L��
�Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�»�U���N�V�U�B�U�K�B���� �"��3. ábrán���B�[�� �F�S�F�E-
�N�Ã�O�Z�F�L�� �J�H�F�O�� �K�Í�� �L�P�S�S�F�M�»�D�J�Í�U�� �N�V�U�B�U�O�B�L�
�� �I�»�U�J��

�L�Z�Q�I�P�T�J�T�I�P�[�� �U�B�S�U�P�[�Í�� �T�[�Ð�H�� �Ã�S�U�Ã�L�F�L�� �F�T�F�U�Ã�O�� ���
�����
��
�N�Ç�H�� �»�H�Z�Ã�L�J�� �M�P�S�E�P�T�J�T�I�P�[�� �U�B�S�U�P�[�Í�� �T�[�Ð�H�� �Ã�S�U�Ã�L�F�L��
�F�T�F�U�Ã�O�����
�������B���L�P�S�S�F�M�»�D�J�Í���Ã�S�U�Ã�L�F�����6�H�Z�B�O�B�L�L�P�S���B�[��
�J�T�� �N�F�H�ø�H�Z�F�M�I�F�U�å�
�� �I�P�H�Z�� �B�� �M�J�O�F�»�S�J�T�� �S�F�H�S�F�T�T�[�J�Í�T��
�N�Í�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B�� �F�T�F�U�Ã�O�� �S�F�O�E�S�F�� �O�B�H�Z�P�C�C��
�T�[�Ð�H���Ã�S�U�Ã�L�F�L���B�E�Í�E�O�B�L�
���I�»�U�J���L�Z�Q�I�P�T�J�T���F�T�F�U�Ã�O���»�U-
�M�B�H�P�T�B�O�����
�������G�P�L�L�B�M�
���N�Ç�H���»�H�Z�Ã�L�J���M�P�S�E�P�T�J�T���F�T�F�U�Ã�O��
�����
�������G�P�L�L�B�M���	3. táblázat�
�
���N�J�O�U���B���I�B�H�Z�P�N�»�O�Z�P�T��
�N�Í�E�T�[�F�S�S�F�M���N�F�H�I�B�U�»�S�P�[�P�U�U���Ã�S�U�Ã�L�F�L��

2. táblázat.���"�[���F�S�F�E�N�Ã�O�Z�F�L���T�U�B�U�J�T�[�U�J�L�B�J���Ã�S�U�Ã�L�F�M�Ã�T�F���	�5�I�����5�I�P�S�B�D�J�D���T�[�Ð�H�
���-�����-�V�N�C�B�M�J�T���T�[�Ð�H�


 Jellem-
�[�å

Nem 

Zebris eredmények SpinalTouch eredmények

Hagyományos 
módszer

Fourier 
módszer

Regressziós 
módszer

Fourier 
módszer

Regressziós 
módszer

Th 
�<�í�>

L 
�<�í�>

Th 
�<�í�>

L 
�<�í�>

Th 
�<�í�>

L 
�<�í�>

Th 
�<�í�>��

L 
�<�í�>

Th 
�<�í�>

L 
�<�í�>����

Átlag
Lányok �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

Fiúk �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

Relatív 
szórás

Lányok �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

Fiúk �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

MIN
Lányok ���
���� ���
���� ���
���� ���
���� �����
���� �����
���� ���
���� ���
���� �����
���� �����
����

Fiúk �����
���� ���
���� ���
���� ���
���� �����
���� �����
���� ���
���� ���
���� �����
���� �����
����

MAX
Lányok �����
���� �����
���� �������
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

Fiúk �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
���� �����
����

 a) b)
1. ábra.���;�F�C�S�J�T��(a)���Ã�T���4�Q�J�O�B�M�5�P�V�D�I��(b)���»�M�U�B�M���L�B�Q�P�U�U��

�F�S�F�E�N�Ã�O�Z�F�L���N�F�H�K�F�M�F�O�Ç�U�Ã�T�F��
�	�Ã�M�F�U�L�P�S�����������Ã�W�
���N�B�H�B�T�T�»�H�������������D�N�
���T�Ô�M�Z�����������L�H�
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 a) b)
2. ábra. �°�U�Ð�E�G�P�L�Ô���'�P�V�S�J�F�S���Ã�T���M�J�O�F�»�S�J�T���S�F�H�S�F�T�T�[�J�Í���F�S�F�E�N�Ã�O�Z�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B��

a)���4�Q�J�O�B�M�5�P�V�D�I�����C�
���;�F�C�S�J�T

3. ábra. �)�B�H�Z�P�N�»�O�Z�P�T���Ã�T���S�F�H�S�F�T�T�[�J�Í�T���N�Í�E�T�[�F�S��
�F�S�F�E�N�Ã�O�Z�F�J�O�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B���	�;�F�C�S�J�T�


4. ábra.���.�Ã�S�å�S�F�O�E�T�[�F�S�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B���M�J�O�F�»�S�J�T��
�S�F�H�S�F�T�T�[�J�Í���B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O

�+�F�M�M�F�N�[�å Thoracic szög 
eltérések

Lumbalis szög 
eltérések

�›�U�M�B�H ���
�����í �����
�����í

Minimum ���
�����í �����
�����í

�.�B�Y�J�N�V�N �����
�����í �����
�����í

�4�U�V�E�F�O�U���G�Ã�M�F���Q�»�S�P�T�Ç�U�P�U�U���5���Q�S�Í�C�»�I�P�[���L�Ã�U�T�[�Ã�M�é���F�M�P�T�[�M�»�T���F�T�F�U�Ã�O��
�U�B�S�U�P�[�Í���W�B�M�Í�T�[�Ç�O�é�T�Ã�H���	�Q�


�_���� �_����

�1�F�B�S�T�P�O���G�Ã�M�F���L�P�S�S�F�M�»�D�J�Í���	�S�
 ���
���� ���
����

�3�F�H�S�F�T�T�[�J�Í�T���F�H�Z�F�O�F�T���N�F�S�F�E�F�L�T�Ã�H�F���	�N�
 1,21 ���
����

�3�F�H�S�F�T�T�[�J�Í���T�U�B�O�E�B�S�E���I�J�C�»�K�B ���
�����í ���
�����í

3. táblázat. �)�B�H�Z�P�N�»�O�Z�P�T���Ã�T���S�F�H�S�F�T�T�[�J�Í�T���N�Í�E�T�[�F�S���F�S�F�E�N�Ã�O�Z�F�J�O�F�L���Ã�S�U�Ã�L�F�M�Ã�T�F
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�"�� �M�J�O�F�»�S�J�T�� �S�F�H�S�F�T�T�[�J�Í�T�� �N�Í�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B��
�F�T�F�U�Ã�O�� �B�� �;�F�C�S�J�T�� �Ã�T�� �4�Q�J�O�B�M�5�P�V�D�I�� �F�S�F�E�N�Ã�O�Z�F�L��
�Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B�� �B��4. ábrán�� �M�»�U�I�B�U�Í���� �"�� �L�B�Q�P�U�U��
�L�P�S�S�F�M�»�D�J�Í�� �I�»�U�J�� �L�Z�Q�I�P�T�J�T�� �F�T�F�U�Ã�C�F�O�� ���
�����
�� �N�Ç�H��
�»�H�Z�Ã�L�J�� �M�P�S�E�P�T�J�T�� �F�T�F�U�Ã�C�F�O�� ���
�����
�� �N�F�M�Z�F�L�� �F�M�T�å�T�P�S-
�C�B�O�� �B�� �L�Ã�U�� �N�Ã�S�Ã�T�� �	���������� �G�F�K�F�[�F�U�
�� �L�Ð�[�U�J�� �U�F�T�U�U�B�S�U�»�T��
�N�F�H�W�»�M�U�P�[�»�T�»�O�B�L���U�V�M�B�K�E�P�O�Ç�U�I�B�U�Í���	4. táblázat�
��

Fiúk

A 5. ábrán�� �B�[�� �Ð�U�Ð�E�G�P�L�Ô�� �'�P�V�S�J�F�S�� �Ã�T�� �B�� �M�J�O�F�»�S�J�T��
�S�F�H�S�F�T�T�[�J�Í�� �»�M�U�B�M�� �L�B�Q�P�U�U�� �I�»�U�J�� �L�Z�Q�P�T�J�T�� �Ã�T�� �»�H�Z�Ã�L�J��
�M�P�S�E�P�T�J�T�� �T�[�Ð�H�� �Ã�S�U�Ã�L�F�J�O�F�L�� �Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B�� �M�»�U-
�I�B�U�Í���4�Q�J�O�B�M�5�P�V�D�I���	5.a ábra�
���Ã�T���;�F�C�S�J�T���	5.b ábra�
��
�N�Ã�S�å�S�F�O�E�T�[�F�S�F�L���B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O��
 

�"�[��5.a és 5.b ábrákon���M�»�U�I�B�U�Í�������F�T���Ã�T�������F�T���U�B�S�U�P-
�N�»�O�Z�P�L���N�V�U�B�U�K�»�L�
���I�P�H�Z���T�[�»�N�P�T���Q�P�O�U���F�T�F�U�Ã�C�F�O��
�O�B�H�Z�P�O���L�Ö�M�Ð�O�C�Ð�[�å���F�S�F�E�N�Ã�O�Z�F�L���B�E�Í�E�U�B�L�����"���M�»-
�O�Z�P�L�O�»�M�� �U�F�U�U�� �N�F�H�»�M�M�B�Q�Ç�U�»�T�� �J�U�U�� �J�T�� �Ã�S�W�Ã�O�Z�F�T�
�� �I�P�H�Z��
�B���'�P�V�S�J�F�S�����J�M�M�F�T�[�U�Ã�T���T�P�L���F�T�F�U�C�F�O���F�H�Z�F�T���J�O�ù�F�Y�J�Í�T��
�Q�P�O�U�P�L���I�J�»�O�Z�B���N�J�B�U�U���O�F�N���W�B�H�Z���S�P�T�T�[���F�S�F�E�N�Ã�O�Z�U��
�B�E����

�;�F�C�S�J�T�� �N�Ã�S�å�S�F�O�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B�� �F�T�F�U�Ã�O�� �B��
�I�B�H�Z�P�N�»�O�Z�P�T�� �N�Í�E�T�[�F�S�� �Ã�T�� �B�� �M�J�O�F�»�S�J�T�� �S�F�H�S�F�T�[-
�T�[�J�Í�T�� �N�Í�E�T�[�F�S�� �»�M�U�B�M�� �L�B�Q�P�U�U�� �F�S�F�E�N�Ã�O�Z�F�L�� �Ð�T�[-
�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B���B��6. ábrán���M�»�U�I�B�U�Í�����"���M�»�O�Z�P�L�I�P�[��
�I�B�T�P�O�M�Í�B�O�� �B�[�� �F�S�F�E�N�Ã�O�Z�F�L�� �J�H�F�O�� �K�Í�� �L�P�S�S�F�M�»�D�J�Í�U��
�N�V�U�B�U�O�B�L�
���5�,���F�T�F�U�Ã�O�����
�����
���N�Ç�H���-�-���F�T�F�U�Ã�O�����
��������
�6�H�Z�B�O�B�L�L�P�S���J�U�U���J�T���N�F�H�ø�H�Z�F�M�I�F�U�å�
���I�P�H�Z���M�J�O�F�»�S�J�T��
�S�F�H�S�F�T�T�[�J�Í�T���N�Í�E�T�[�F�S���B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O���S�F�O�E�S�F��

�+�F�M�M�F�N�[�å Thoracic szög 
eltérések

Lumbalis szög 
eltérések

�›�U�M�B�H ���
�����í ���
�����í

Minimum ���
�����í ���
�����í

�.�B�Y�J�N�V�N �����
�����í �����
�����í

�4�U�V�E�F�O�U���G�Ã�M�F���Q�»�S�P�T�Ç�U�P�U�U���5���Q�S�Í�C�»�I�P�[���L�Ã�U�T�[�Ã�M�é���F�M�P�T�[�M�»�T���F�T�F�U�Ã�O��
�U�B�S�U�P�[�Í���W�B�M�Í�T�[�Ç�O�é�T�Ã�H���	�Q�


�_���� �_����

�1�F�B�S�T�P�O���G�Ã�M�F���L�P�S�S�F�M�»�D�J�Í���	�S�
 ���
���� ���
����

�3�F�H�S�F�T�T�[�J�Í�T���F�H�Z�F�O�F�T���N�F�S�F�E�F�L�T�Ã�H�F���	�N�
 ���
���� ���
����

�3�F�H�S�F�T�T�[�J�Í���T�U�B�O�E�B�S�E���I�J�C�»�K�B ���
�����í ���
�����í

4. táblázat. �;�F�C�S�J�T���F�T���Ã�T���4�Q�J�O�B�M�5�P�V�D�I���P�T���F�S�F�E�N�Ã�O�Z�F�L���F�M�U�Ã�S�Ã�T�F�J�O�F�L���Ã�S�U�Ã�L�F�M�Ã�T�F���M�J�O�F�»�S�J�T���S�F�H�S�F�T�T�[�J�Í��
�B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O

 a) b)
5. ábra. �°�U�Ð�E�G�P�L�Ô���'�P�V�S�J�F�S���Ã�T���M�J�O�F�»�S�J�T���S�F�H�S�F�T�T�[�J�Í���F�S�F�E�N�Ã�O�Z�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B��

a)���4�Q�J�O�B�M�5�P�V�D�I�����C�
���;�F�C�S�J�T
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�O�B�H�Z�P�C�C���T�[�Ð�H���Ã�S�U�Ã�L�F�L���B�E�Í�E�O�B�L�
���N�J�O�U���B���I�B�H�Z�P-
�N�»�O�Z�P�T�� �N�Í�E�T�[�F�S�� �F�T�F�U�Ã�O�� �	�5�,�� �»�U�M�B�H�P�T�B�O�� ���
���í, 
�-�-�������
�����í�
���	5. táblázat�
��

A 7. ábra �B���;�F�C�S�J�T���Ã�T���4�Q�J�O�B�M�5�P�V�D�I���F�S�F�E�N�Ã�O�Z�F�L��
�Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�»�U�� �N�V�U�B�U�K�B�� �B�� �M�J�O�F�»�S�J�T�� �S�F�H�S�F�T�T�[�J-
�Í�T�� �N�Í�E�T�[�F�S�� �B�M�L�B�M�N�B�[�»�T�B�� �F�T�F�U�Ã�O���� �"�[�� �B�M�B�D�T�P�O�Z��
�L�P�S�S�F�M�»�D�J�Í���q���B���M�»�O�Z�P�L�I�P�[���I�B�T�P�O�M�Í�B�O���	�5�,���������
�����
��
�-�-���������
�����
���q���F�M�T�å�T�P�S�C�B�O���B���L�Ã�U���N�Ã�S�Ã�T���	�����������G�F�K�F�[�F�U�
��
�L�Ð�[�U�J���U�F�T�U�U�B�S�U�»�T���N�F�H�W�»�M�U�P�[�»�T�»�O�B�L���U�V�M�B�K�E�P�O�Ç�U�I�B-
�U�Í���	6. táblázat�
��

5. Megbeszélés

�"�� �L�V�U�B�U�»�T�� �D�Ã�M�K�B�
�� �I�P�H�Z�� �N�Ã�S�Ã�T�J�� �Q�P�O�U�S�B�� �J�M�M�F�T�[�U�F�U�U��
�H�Ð�S�C�Ã�L�F�U�� �Ã�T�� �B�[�P�L�C�Í�M�� �N�F�H�I�B�U�»�S�P�[�P�U�U�� �T�[�Ð�H�Ã�S-

�U�Ã�L�F�L�F�U�� �T�U�B�U�J�T�[�U�J�L�B�J�� �N�Í�E�P�O�� �Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�T�V�L������
�#�F�S�U�I�P�O�O�B�V�E�� �Ã�T�� �%�J�N�O�F�U11�� �L�Ö�M�Ð�O�C�Ð�[�å�� �H�F�S�J�O�D-
�C�F�U�F�H�T�Ã�H�F�L���F�T�F�U�Ã�O���L�Ã�T�[�Ç�U�F�U�U���S�Ð�O�U�H�F�O�G�F�M�W�Ã�U�F�M�F�L�S�F��
�T�Q�M�J�O�F���H�Ð�S�C�Ã�U���J�M�M�F�T�[�U�F�U�U�
���Ã�T���N�F�H�G�F�M�F�M�å���Q�P�O�U�P�T�T�»�H-
�H�B�M�� �I�B�U�»�S�P�[�U�B�� �N�F�H�� �B�� �H�F�S�J�O�D�B�M�B�L�� �F�H�Z�F�O�M�F�U�Ã�U���� �"��
�L�Ã�U�J�S�»�O�Z�Ô���S�Ð�O�U�H�F�O�G�F�M�W�Ã�U�F�M���F�H�Z�F�T���C�F�U�F�H�T�Ã�H�F�L���F�T�F-
�U�Ã�O���F�H�Z�»�M�U�B�M�»�O���O�F�N�
���N�Ç�H���N�»�T���C�F�U�F�H�T�Ã�H�F�L���F�T�F�U�Ã�O��
�J�T���D�T�B�L���Ã�W�F�O�U�F���F�H�Z���B�M�L�B�M�P�N�N�B�M���L�Ã�T�[�Ç�U�I�F�U�å�����F�[���B��
�N�Í�E�T�[�F�S�� �O�F�N�� �N�J�O�E�F�O�� �F�T�F�U�C�F�O�� �I�B�T�[�O�»�M�I�B�U�Í�
��
�B�[�B�[�� �B�[�� �V�U�»�O�L�Ð�W�F�U�Ã�T�� �D�T�B�L�� �O�B�H�Z�� �J�E�å�L�Ð�[�Ð�L�C�F�O��
�U�Ð�S�U�Ã�O�I�F�U��

�5�����)�V�Z�T�N�B�O�T���Ã�T���N�U�T�B�J�
12���W�B�M�B�N�J�O�U���#�����%�S�F�S�V�Q���Ã�T��
�&���� �)�J�F�S�I�P�M�[�F�S13�� �»�M�U�B�M�� �Q�V�C�M�J�L�»�M�U�� �N�Í�E�T�[�F�S�� �B�� �I�»�U��
�U�P�Q�P�H�S�»�ø�B�J�� �L�Ã�Q�F�� �B�M�B�Q�K�»�O�� �B�� �I�»�U�� �G�F�M�T�[�Ç�O�Ã�U�� �I�B�U�»-
�S�P�[�[�B���N�F�H�
���B�N�F�M�Z�C�å�M���B���'�P�V�S�J�F�S���J�M�M�F�T�[�U�Ã�T�I�F�[���I�B-

�+�F�M�M�F�N�[�å Thoracic szög 
eltérések

Lumbalis szög 
eltérések

�›�U�M�B�H ���
�����í �����
�����í

Minimum ���
�����í ���
�����í

�.�B�Y�J�N�V�N �����
�����í �����
�����í

�4�U�V�E�F�O�U���G�Ã�M�F���Q�»�S�P�T�Ç�U�P�U�U���5���Q�S�Í�C�»�I�P�[���L�Ã�U�T�[�Ã�M�é���F�M�P�T�[�M�»�T���F�T�F�U�Ã�O��
�U�B�S�U�P�[�Í���W�B�M�Í�T�[�Ç�O�é�T�Ã�H���	�Q�


�_���� �_����

�1�F�B�S�T�P�O���G�Ã�M�F���L�P�S�S�F�M�»�D�J�Í���	�S�
 ���
���� ���
����

�3�F�H�S�F�T�T�[�J�Í�T���F�H�Z�F�O�F�T���N�F�S�F�E�F�L�T�Ã�H�F���	�N�
 ���
���� ���
����

�3�F�H�S�F�T�T�[�J�Í���T�U�B�O�E�B�S�E���I�J�C�»�K�B ���
�����í ���
�����í

5. táblázat. �)�B�H�Z�P�N�»�O�Z�P�T���Ã�T���S�F�H�S�F�T�T�[�J�Í�T���N�Í�E�T�[�F�S���F�S�F�E�N�Ã�O�Z�F�J�O�F�L���Ã�S�U�Ã�L�F�M�Ã�T�F

6. ábra. �)�B�H�Z�P�N�»�O�Z�P�T���Ã�T���S�F�H�S�F�T�T�[�J�Í�T���N�Í�E�T�[�F�S��
�F�S�F�E�N�Ã�O�Z�F�J�O�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B���	�;�F�C�S�J�T�


7. ábra.���.�Ã�S�å�S�F�O�E�T�[�F�S�F�L���Ð�T�T�[�F�I�B�T�P�O�M�Ç�U�»�T�B���M�J�O�F�»�S�J�T��
�S�F�H�S�F�T�T�[�J�Í���B�M�L�B�M�N�B�[�»�T�B���F�T�F�U�Ã�O
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�T�P�O�M�Í�
���G�S�F�L�W�F�O�D�J�B���N�P�E�V�M�»�M�U���T�[�J�O�V�T�[���G�Ö�H�H�W�Ã�O�Z12 
�Ã�T���B�L�U�Ç�W���L�P�O�U�Ô�S�P�L13���T�F�H�Ç�U�T�Ã�H�Ã�W�F�M���B���H�F�S�J�O�D���G�S�P�O�U�»-
�M�J�T���Ã�T���T�B�H�J�U�U�B�M�J�T���T�Ç�L�Ô���L�Ã�Q�Ã�U���J�T���N�F�H�I�B�U�»�S�P�[�U�»�L�����&��
�L�V�U�B�U�»�T�P�L���N�F�H�»�M�M�B�Q�Ç�U�P�U�U�»�L�
���I�P�H�Z���B�[���»�M�U�B�M�V�L���M�F�Ç�S�U��
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