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When examining spinal shape by means of radiographic methods, as well as non radiographic non invasive methods,
standardisation of the examined person’s posture is essential. Standardizing examination posture serves to enable the
mutual comparison of the results from examinations when performed using different methods. Furthermore, a suitable
examination posture should reduce postural sway and thus increase the reliability of such an examination. For the
purpose of assessing the influence of fixation on reducing postural sway in a subject undergoing an examination, two
examination postures with different degrees of fixation were proposed: posture D - a standing position with shoulders
supported against a fixation frame and posture F - prone lying on a fixation bed. Those postures were compared with
posture A - the free standing position.

For the examination of spinal shape and postural stability, the DTP-3 microcomputer diagnostic system was
used, which makes it possible to measure a three-dimensional position of points by applying a non invasive contact
method. The examination consists of palpating and marking the skin projection of the left and right lateral parts of
the acromion, bilateral posterior superior iliac spine, and the processus spinosi. The marked points are scanned by
touching them with the position sensor stylus and transmitted into a computer, where they are displayed as output
protocols in the form of tables and graphs.

The experimental part included the measurement of 80 subjects (40 men and 40 women, aged 23.1 + 2.5 years).
Each subject was measured five times in each examination posture, and the average spinal curve was calculated, as
well as the standard deviation, evaluating the postural sway of the examined subject. It results from the assessment of
the effects of fixation on postural sway reduction, which increased fixation in examination postures A-D-F results to
postural sway reduction, expressed by means of standard deviations in the mediolateral direction: 3.63-1.12-0.86 [mm],
in the posterioanterior direction: 5.25-2.94-1.33 [mm] and in the caudocranial direction: 1.30-1.33-1.00 [mm]. It
further results from the assessment that postures D and F significantly reduce postural sway towards posture A and
posture F further reduces postural sway towards posture D.

Keywords: Postural sway, examination posture, non invasive diagnostics, DTP-3 microcomputer diagnostic system.

INTRODUCTION

The goal of this study is the assessment of postural
sway (postural stability) in the human body and its
impact on spinal shape diagnostics. Postural sway is
a natural feature of neuromuscular control during the
maintenance of an upright posture. There are two rea-
sons for postural sway assessment. Firstly, the size of
postural sway is given by actual neuromuscular control
processes. In comparison to subjects without any spinal
deformities, postural stability in subjects with adoles-
cent idiopathic scoliosis is lower (Chen et al., 1998;
Nault et al., 2002). Secondly, from the perspective of
reliability of the spinal shape examination, postural sway
is an undesirable phenomenon as spinal shape is not
given in time by a constant curve, but rather by a curve
that is to a certain extent continuously changing. It is
then impossible to achieve consistency of results at re-

peated spinal shape examinations. The issue of postural
sway constantly impacting the immediate spinal shape
appears at radiographic examinations where the imme-
diate curve is obtained in one instant of time, as well as
in non invasive contact examinations where individual
points of the curves are obtained in several instants of
time. Therefore, a postural sway assessment should be
an integral part of spinal shape examination.

The size of postural sway depends on control proc-
esses of movement, as well as on the particular posture
that the subject undergoing examination is adopting
(free standing, standing with fixation, sitting, lying etc.).
If the aim is to utilise the size of postural sway for the
assessment of the neuromuscular control process, it is
essential to assess the size of postural sway in a stand-
ardized free standing position (Mcllroy & Maki, 1997).
If the aim is to achieve the most reliable (i.e. the most
precise in the sense of random deviations) spinal shape
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Fig. 1
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Examination postures used for examination of spinal shape and postural sway

Legend:
Posture A - the free standing position

Posture D - standing position with shoulders supported against a fixation frame
Posture F - prone lying on a fixation bed

Posture D

Posture A

assessment, it is desirable to reduce postural sway as
much as possible. Therefore, examination postures with
various degrees of mechanical fixation (Fig. 1) from
the perspective of postural sway were assessed in this
study. These comprise posture D - a standing position
with shoulders supported against a fixation frame, and
posture F - a prone lying on a fixation bed. The postures
were compared with posture A - the free standing posi-
tion (Krejéi, 2007).

Spinal shape was assessed using the contact method
described previously (D’Osualdo et al., 2002; Mannion
et al., 2004; Norton, Hensier, & Zou, 2002; Norton,
Sahrmann, & Van Dillen, 2004; Ovadia et al., 2007;
Sliwa & Sliwa, 2001; Willner, 1981). Within this study,
the contact method was implemented by means of the
DTP-3 microcomputer diagnostic system (Kolisko et al.,
1996; Krejc¢i, 2007), which enables us to perform re-
peated examinations in a short time interval without ex-
posing the examined subject to X-ray. The spinal shape
diagnostics may be repeated, without having to fear the
negative impacts associated with the use of radiographic
methods, such as X-ray and computerized tomography
(Doody et al., 2000).

MATERIAL AND METHODS

Within the experimental part of the study, 80 stu-
dents from the Faculty of Physical Culture of Palacky
University, without any spinal difficulties, were meas-
ured, 40 men and 40 women, aged 23.1 £ 2.5 years

Posture F

Fig. 2
Examination of spinal shape and postural sway using
the DTP-3 diagnostic system

Legend:

PS - position sensor of the DTP-3 diagnostic system
V - point for erection of ideal vertical

IV - ideal vertical

X, ¥, z - coordinate axes
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(mean = SD), body mass 68.6 + 12.0kg, tall 172.9 £ 9.6cm,
the height of the spine (caudocranial distance between
C3 and L5) 49.2 + 3.5cm. Sampling was done conven-
iently (Dempsey & Dempsey, 1996). Measurement of
the spinal shape (Fig. 2) was performed in a laboratory
using the DTP-3 microcomputer diagnostic system. The
position sensor of the DTP-3 diagnostic system enables
measurement of the positions of points with a mean
error of 0.5 mm in the sphere of a 2200 mm diameter
(Krejéi, 2007). On the skin surface of the examined sub-
ject, the projections of the left and right lateral parts of
the acromion, bilateral posterior superior iliac spine and
22 processus spinosi C3-L5 were palpated and marked
according to the procedure published by Kolisko et al.
(2005). The coordinates of the anatomic points on the
skin surface were scanned by touching the stylus of the
position sensor of the DTP-3 system and transmitted
into a personal computer for further processing. Exami-
nation of the spinal shape in individual postures A, D
and F was repeated five times, the measurements fol-
lowing immediately after one another. In order to assess
the symmetry of spinal shape, the so-call ideal vertical
(IV) was calculated, which is a mathematical simulation
of a plumb line erected from the centre of the intercal-
caneal line (V). Orientation of the three dimensional
Cartesian coordinate system x, y, z is as follows (Fig. 2):
axis z is on the ideal vertical, axis x is parallel with the
intercalcaneal line and in the mediolateral direction,
and axis y is in the posterioanterior direction. The fron-
tal plane is given by axes xz and the sagittal plane is
given by axes yz.

Fig. 3
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We have decided to standardize the height of the
spine for reasons of mutual comparison examined
subjects of differing height. For this purpose we have
selected a method in which the correction multiplica-
tive constant for each subject was calculated so that the
mean spine height (caudocranial distance between the
pocessus spinosi C3 and L5) of measurements 1-5 in
posture A corresponded after correction with the height
of 500 mm. This multiplicative constant was then used
to multiply the coordinates x, y, z of all processus spino-
si in all measurements measured in postures A, D and F.

The postural sway of each processus spinosus in co-
ordinates x, y, z was evaluated for each examined subject
by way of standard deviations SD, SDy, SD_according
to the formulas

5
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in which x, y, z, are coordinates of a processus spinosus
in i-th repetition of the measurement (the measurement

was repeated five times in a selected posture), X, y, Z is
a mean position of the processus spinosus. For evaluat-

Mean spinal shape and mean postural ron in the ronta plane calculated from group of 80 subjects
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Legend:

Posture A - the free standing position

Posture D - standing position with shoulders
supported against a fixation frame

Posture F - prone lying on a fixation bed

IV, - ideal vertical for posture A
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IV, - ideal vertical for posture D

IH, - ideal horizontal for posture F

* - mean position of processus spinosus

O - mean of standard deviations expressing size of postural sway

The mean values of standard deviations are enlarged five times for better visibility!
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Fig. 4
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Mean spinal shape and mean postural asy in the sagittal plane calculated from group of 80 subjects
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Legend:

Posture A - the free standing position

Posture D - standing position with shoulders
supported against a fixation frame

Posture F - prone lying on a fixation bed

IV, - ideal vertical for posture A

ing the postural sway of each processus spinosus within
the entire group of subjects, examined in a selected pos-
ture, means of standard deviations MSD, MSD MSD.
were calculated as average values of standard dev1atlons
SD, SD SD_in the entire group of examined subjects
(Rlegerova et al., 2008).

A two way repeated measurement, ANOVA (fac-
tors: “posture” and “gender”), was used to determine
the statistical significance of the influence of the factor
“gender” on changes in standard deviations. One way
repeated measures ANOVA (factor: “posture”) and post
hoc Fisher LSD tests were used to determine the statisti-
cal significance of the influence of the factor “posture”
on changes in standard deviations. The selected level of
statistical significance was P = 0.05.

The effect size of the change in standard deviations
between two selected examination postures was assessed
based on the absolute value of the change. For the ab-
solute value of the change |A| < 1 mm, a change of
parameter is considered to be effect size insignificant;
for |A| > 1 mm, such a change is considered to be effect
size significant.

The calculations for the evaluation of postural sway
were performed using the MATLAB 7.6 (The Math-
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IV, - ideal vertical for posture D

IH_ - ideal horizontal for posture F

G - direction of gravity vector in individual processus spinosi

* - mean position of processus spinosus

O - mean of standard deviations expressing size of postural sway

The mean values of standard deviations are enlarged five times for better visibility!

Works, Inc., Natick, USA) and the STATISTICA Cz
8.0 (StatSoft CR, s.r.0., Prague, CZ).

RESULTS

The values of the means of the standard deviations
MSD in the coordinates x, y, z of individual processus
spinosi from the group of 80 subjects, examined in pos-
tures A, D and F, are displayed in TABLE 1, TABLE 2
and TABLE 3, together with the assessment results of
the statistical and effect size significance of the changes.
For better illustration, the means of standard deviations
and mean positions of processus spinosi at individual
postures are displayed on the Fig. 3 (the frontal plane)
and Fig. 4 (the sagittal plane).

TABLE 1, TABLE 2 and TABLE 3 show that in-
fluence of the factor “gender” on changes in standard
deviations is statistically significant only at one proc-
essus spinosus within a total of 22 processus spinosi
in the mediolateral direction, at none of the processus
spinosus in the posterioanterior direction and at five
processus spinosi in the caudocranial direction. We con-
sider that such occurrences of statistically significant
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TABLE 1
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Assessment of postural sway of processus spinosi in the mediolateral direction (the axis x) by way of standard devia-

tions SD calculated from group of 80 subjects

Processus Examination posture Comparison A2 ANOVA1
A D F D-A F-A F-D Fac Fac Fis Fis Fis

. MSD MSD MSD A A A gen pos D-A F-A F-D

spinosus
[mm] [mm] [mm] [mm] [mm] [mm]

C3 4.1 1.6 1.0 -2.6% -3.17F -0.6 NS * * * *
C4 4.0 1.4 0.9 -2.6F -3.1F -0.5 NS * * * *
C5 4.0 1.2 0.8 -2.8% -3.2¢ -0.4 NS * * * *
Co6 4.0 1.2 0.9 -2.8% -3.1F -0.3 NS * * * NS
Cc7 4.1 1.2 0.8 -2.9% -3.3% -0.3 NS * * * NS
T1 4.1 1.0 0.8 -3.0¢ -3.2¢ -0.2 NS * * * NS
T2 4.1 1.1 0.8 -3.0t -3.2¢ -0.2 NS * * * NS
T3 3.9 1.0 0.9 -2.9% -3.1F -0.2 NS * * * NS
T4 3.8 1.0 0.8 -2.8% -3.0t -0.2 NS * * * NS
T5 3.9 0.9 0.8 -3.0t -3.1F -0.1 NS * * * NS
Té6 3.8 1.1 0.9 =27 -2.9% -0.2 NS * * * NS
T7 3.6 1.0 0.9 -2.6% -2.8¢ -0.2 NS * * * NS
T8 3.6 1.0 0.9 -2.6F -2.7% -0.1 NS * * * NS
T9 3.5 1.1 0.9 -2.5% -2.6% -0.1 NS * * * NS
T10 34 1.0 0.9 -2.4% -2.5¢ -0.2 NS * * * NS
T11 3.3 1.1 0.9 -2.2% -2.4% -0.1 NS * * * NS
T12 3.2 1.0 0.9 -2.2% -2.3% -0.1 NS * * * NS
L1 3.2 1.1 0.8 =217 -2.4% -0.3 NS * * * NS
L2 3.2 1.2 0.8 -2.0% -2.4% -0.4 NS * * * *
L3 3.0 1.1 0.8 -1.97% -2.2% -0.3 * * * * NS
L4 2.9 1.2 0.8 -1.8% -2.1F -0.4 NS * * * *
L5 3.0 1.3 0.8 -1.8% -2.2¢% -0.4 NS * * * *
Average 3.63 1.12 0.86 -2.51 =-2.77 -0.26

Legend:

A2 - two way repeated measures ANOVA (factors: “posture”, “gender”)
ANOVAL - one way repeated measures ANOVA (factor: “posture”)

A - the free standing position

D - standing position with shoulders supported against a fixation frame

F - prone lying on a fixation bed

Fac gen - statistical significance of influence of the factor “gender”

Fac pos - statistical significance of influence of the factor “posture”

Fis D-A - post hoc Fisher LSD test between postures D and A

Fis F-A - post hoc Fisher LSD test between postures F and A

Fis F-D - post hoc Fisher LSD test between postures F and D

MSD - mean of standard deviations calculated from group of 80 subjects

A - difference of parameters

T - effect size significant (absolute value of difference is greater or equal to 1 mm)

* — statistically significant (p < 0.05)
NS - statistically insignificant

influences of the factor “gender” are insufficient, so that
the one way repeated measures ANOVA with the factor
“posture” was only used for the further assessment of
changes in standard deviations.

It is evident from TABLE 1 and TABLE 2 that pos-
ture D towards posture A statistically and effect size
significantly reduces postural sway within all proces-
sus spinosus (C3 to L5) in the mediolateral direction
and in the posterioanterior direction. It is evident from

TABLE 3 that the influence of postural sway in the
caudocranial direction is statistically significant at three
processus spinosi, but the influence is not effect size
significant at any processus spinosus.

Posture F towards posture D statistically significant-
ly further reduces postural sway at six processus spinosi
in the mediolateral direction, but the reduction is not
effect size significant at any processus spinosus. Reduc-
tion in the posterioanterior direction is statistically and
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TABLE 2
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Assessment of postural sway of processus spinosi in the posterioanterior direction (the axis y) by way of standard

deviations SD calculated from group of 80 subjects

Examination posture Comparison A2 ANOVA1

Processus A D F D-A F-A F-D Fac Fac Fis Fis Fis
spinosus MSD MSD MSD A A A gen pos D-A F-A F-D

[mm] [mm] [mm] [mm] [mm] [mm]
C3 6.2 3.6 1.7 -2.6% -4.5¢ -1.9% NS * * * *
C4 5.7 3.1 1.6 -2.6%F -4.1% -1.5% NS * * * *
C5 5.8 2.9 1.6 -2.8% -4.1F -1.3% NS * * * *
Co6 5.8 2.9 1.6 -2.9% -4.2% -1.3% NS * * * *
Cc7 5.5 2.7 1.6 -2.8% -3.9% 117 NS * * * *
T1 5.6 2.8 1.4 -2.8% -4.2% -1.4% NS * * * *
T2 5.2 2.7 1.3 -2.5¢ -3.9¢ -1.4% NS * * * *
T3 5.3 2.7 1.2 =2.7% -4.1% -1.4% NS * * * *
T4 5.5 2.8 1.1 2.7 -4.4+ -1.6% NS * * * *
T5 5.3 2.9 1.1 -2.4% -4.3¢ -1.8% NS * * * *
Té6 5.3 3.1 1.1 -2.2% -4.2% -2.0t NS * * * *
T7 5.2 3.1 1.3 -2.1F -3.9¢ -1.8% NS * * * *
T8 5.2 3.2 1.2 -2.0t -4.0t -2.0t NS * * * *
T9 5.3 3.3 1.2 -2.1F -4.1% -2.0t NS * * * *
T10 5.2 3.2 1.3 -1.9% -3.9¢ -2.0t NS * * * *
T11 4.9 3.2 1.3 -1.8% -3.6% -1.9% NS * * * *
T12 5.0 3.1 1.3 -1.9% -3.7% -1.8% NS * * * *
L1 4.9 2.9 1.3 -1.9% -3.6t -1.7% NS * * * *
L2 4.8 2.8 1.3 -1.9% -3.5¢ -1.6% NS * * * *
L3 4.8 2.7 1.2 -2.1F -3.5% -1.5% NS * * * *
L4 4.6 2.6 1.3 -2.0t -3.3¢ -1.3% NS * * * *
L5 4.5 2.4 1.3 -2.1F -3.2¢ 117 NS * * * *
Average 5.25 2.94 1.33 -2.31 -3.92 -1.61
Legend:

A2 - two way repeated measures ANOVA (factors: “posture”, “gender”)

ANOVALI - one way repeated measures ANOVA (factor: “posture”)

A - the free standing position

D - standing position with shoulders supported against a fixation frame

F - prone lying on a fixation bed

Fac gen - statistical significance of influence of the factor “gender”
Fac pos - statistical significance of influence of the factor “posture”

Fis D-A - post hoc Fisher LSD test between postures D and A
Fis F-A - post hoc Fisher LSD test between postures F and A
Fis F-D - post hoc Fisher LSD test between postures F and D

MSD - mean of standard deviations calculated from group of 80 subjects

A - difference of parameters

T - effect size significant (absolute value of difference is greater or equal to 1 mm)

* - statistically significant (p < 0.05)
NS - statistically insignificant

effect size significant within all processus spinosi. Influ-
ence of postural sway in the caudocranial direction is
statistically significant at 18 processus spinosi, but the
influence is not effect size significant at any processus
spinosus.

Based on the above stated results it can be stated
that increasing the level of fixation in examination
postures A-D-F leads to reduction in postural sway,

expressed by the average values of MSD in the medi-
olateral direction: 3.63-1.12-0.86 [mm], in the poste-
rioanterior direction: 5.25-2.94-1.33 [mm] and also in
the caudocranial direction between postures D and F:
1.30-1.33-1.00 [mm]. It results from the above that pos-
tures D and F significantly reduce postural sway towards
posture A and posture F further reduces postural sway
towards posture D.
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TABLE 3
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Assessment of postural sway of processus spinosi in the caudocranial direction (the axis z) by way of standard devia-
tions SD calculated from group of 80 subjects

Examination posture Comparison A2 ANOVA1

Processus A D F D-A F-A F-D Fac Fac Fis Fis Fis
spinosus MSD MSD MSD A A A gen pos D-A F-A F-D

[mm] [mm] [mm] [mm] [mm] [mm]
C3 1.8 2.1 1.2 0.3 -0.6 -0.9 NS * NS * *
C4 1.4 1.8 1.1 0.4 -0.3 -0.7 NS * * * *
C5 1.2 1.6 0.9 0.4 -0.2 -0.6 NS * * * *
Co6 1.1 1.3 0.9 0.2 -0.2 -0.4 NS * * * *
Cc7 1.1 1.2 0.9 0.1 -0.2 -0.3 NS * NS NS *
T1 1.2 1.2 1.0 0.0 -0.2 -0.2 NS * NS * *
T2 1.3 1.2 1.0 -0.1 -0.3 -0.2 * * NS * *
T3 1.3 1.1 1.1 -0.1 -0.2 -0.1 NS * NS * NS
T4 1.3 1.3 1.0 -0.1 -0.4 -0.3 * * NS * *
T5 1.3 1.2 1.2 -0.1 -0.2 -0.1 NS NS NS * NS
Té6 1.3 1.3 1.0 -0.1 -0.3 -0.2 NS * NS * *
T7 1.4 1.3 1.1 -0.1 -0.4 -0.3 NS * NS * *
T8 1.4 1.5 1.0 0.1 -0.4 -0.5 NS * NS * *
T9 1.4 1.4 1.1 0.0 -0.4 -0.3 * * NS * *
T10 1.4 1.5 1.0 0.1 -0.4 -0.5 * * NS * *
T11 1.3 1.3 1.0 0.0 -0.4 -0.3 NS * NS * *
T12 1.3 1.3 0.9 0.1 -0.4 -0.4 NS * NS * *
L1 1.2 1.1 0.9 -0.1 -0.4 -0.3 NS * NS * *
L2 1.2 1.2 0.9 0.0 -0.3 -0.3 NS * NS * *
L3 1.2 1.1 1.0 -0.1 -0.3 -0.2 NS * NS * NS
L4 1.2 1.2 1.0 0.0 -0.3 -0.3 NS * NS * *
L5 1.2 1.1 1.0 -0.1 -0.2 -0.1 * NS NS * NS
Average 1.30 1.33 1.00 0.03 -0.30 -0.33
Legend:

»

A2 - two way repeated measures ANOVA (factors: “posture”, “gender”)

ANOVALI - one way repeated measures ANOVA (factor: “posture”)

A - the free standing position

D - standing position with shoulders supported against a fixation frame

F - prone lying on a fixation bed

Fac gen - statistical significance of influence of the factor “gender”
Fac pos - statistical significance of influence of the factor “posture”

Fis D-A - post hoc Fisher LSD test between postures D and A
Fis F-A - post hoc Fisher LSD test between postures F and A
Fis F-D - post hoc Fisher LSD test between postures F and D

MSD - mean of standard deviations calculated from group of 80 subjects

A - difference of parameters

T - effect size significant (absolute value of difference is greater or equal to 1 mm)

* - statistically significant (p < 0.05)
NS - statistically insignificant

DISCUSSION

Results of this study support the idea that suitably
chosen mechanical fixation in a significant manner re-
duces the postural sway of the examined subject, which
can be positively utilised for optimizing the process of
spinal shape examination by means of radiographic
methods, as well as by non radiographic non invasive

methods. The issue of reducing the postural sway of
an examined subject during a spinal shape examination
has been studied (D’Osualdo et al., 2002; Ovadia et al.,
2007; Sliwa & Sliwa, 2001), where different kinds of
mechanical fixation equipment have been also proposed.
However, those works do not quantify the benefit of
fixation equipment from the point of view of postural
sway reduction.
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From the physical point of view, the proposed fixa-
tion postures D and F and free standing posture A are
defined by the vector of gravity G. The direction of the
vector is parallel with the axis z (in the craniocaudal
direction) in postures A and D whereas the direction is
perpendicular to the axis z in posture F (Fig. 3). A fur-
ther difference between postures is that a mechanical
fixation affects only the part of the spine in the area of
the upper thoracic spine in posture D whereas a me-
chanical fixation affects the whole spine in posture F.
Both those facts explain the results that mediolateral
postural sway in posture D is reduced almost to the
same size as in posture F (insignificant differences from
processus spinosi C6 to L1 in TABLE 1) whereas pos-
ture F achieves a bigger reduction in posterioanterior
postural sway than posture D (significant differences
in all processus spinosi in TABLE 2). Posture D has
the potential for bigger postural sway reduction, particu-
larly in the posterioanterior direction. It is, therefore,
essential to deal with the possibility of supplementing
posture D with additional mechanical fixation in the
head and pelvis area.

The number of measurement repetitions was limited
to five repetitions in this study. The reason was the in-
creasing fatigue of the postural muscles of the examined
subjects. Such fatigue could influence the spine shape
and thus also the results of the study.

From the perspective of spinal shape diagnostics va-
lidity, it is essential to deal with the question of the ex-
tent to which the spinal shape in examination postures
with mechanical fixation resembles the spinal shape in
the free standing position (posture A). It is obvious that
in different examination postures the spinal shape may
vary (Krej¢i, 2007; Torell et al., 1985). Then it is essen-
tial to assess the existing as well as the newly proposed
examination postures from the perspective of reducing
the postural sway, as well as from the perspective of the
extent of spinal shape change in reference to the free
standing position. Such complex assessment of addi-
tional examination postures for spinal shape diagnostics
have been published (Krej¢i, 2007; Krejci et al., 2008).

Although a lying position reduces postural sway,
it may also affect the depth of deformity of the spine
(Torell et al., 1985) therefore, it is essential to further
deal with such a position. The knowledge of the appro-
priate characteristics (postural sway reduction, spinal
shape change) for the lying posture is important when
the spine is examined by computerized tomography (Ho
et al., 1992) or magnetic resonance imaging (Chu et al.,
2006), as these examinations are performed while the
subject is recumbent. Furthermore, the lying position
is more comfortable and less tiresome for the subject
undergoing examination than the standing position, and
this advantage may outweigh the inconvenient charac-
teristic - impacting the spinal shape. This advantage
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may especially be utilized in subjects with neuromuscu-
lar control disorder, where postural sway while stand-
ing is of such a large size that it prevents the sufficient
performance of an accurate spinal shape examination.

CONCLUSION

This study showed that postural sway may be signifi-
cantly reduced in spinal shape diagnostics by examina-
tion postures; utilising the mechanical fixation of an
examined subject during examination. The proposed
and studied examination postures: posture D - a stand-
ing position with shoulders supported against a fixa-
tion frame and posture F - prone lying on a fixation
bed, reduce the statistical and effect size significance
of the postural sway in the mediolateral and in the pos-
terioanterior direction with respect to posture A - the
free standing position. Assessment of the above stated
examination postures from the perspective of the pos-
sibility of impacting spinal shape was not carried out
within this study and will be the subject of further study.

ACKNOWLEDGMENT

The study has been supported by the research grant
from the Ministry of Education, Youth and Sports of
the Czech Republic (No. MSM 6198959221) “Physical
Activity and Inactivity of the Inhabitants of the Czech
Republic in the Context of Behavioral Changes” and
a grant from the Czech Science Foundation - GACR,
No 202/09/P029, entitled “Creation of model and pop-
ulation norms of spine shape diagnosis using DTP-3
system in selected peer groups”.

ETHICS APPROVAL

This study was approved by the Ethical Committee
of the Faculty of Physical Culture of Palacky University.
All the subjects participated in this study were volun-
teers, and had given their informed consent.

This article was based on the master thesis project
completed as a part of the international master degree
programme Erasmus Mundus Master in APA at the Fac-
ulty of Physical Culture, Palacky University, Olomouc
in 2007/2008.

REFERENCES

Chen, P. Q., Wang, J. L., Tsuang, Y. H,, Liao, T. L.,
Huang, P. I., & Hang, Y. S. (1998). The postural sta-



Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 2

bility control and gait pattern of idiopathic scoliosis
adolescents. Clin. Biomech., 13(S1), 52-58.

Chu, W. C. W., Wong, M. S., Chau, W. W, Lam, T. P,,
Ng, K. W, Lam, W. W. M, & Cheng, J. C. Y. (2006).
Curve correction effect of rigid spinal orthosis in dif-
ferent recumbent positions in adolescent idiopathic
scoliosis (AIS): A pilot MRI study. Prosthet. Orthot.
Int, 30(2), 136-144.

Dempsey, P. A., & Dempsey, A. D. (1996). Using nurs-
ing research: Process, critical evaluation and utilization
(5™ ed.). New York, USA: Lippincott Williams and
Wilkins.

Doody, M. M., Lonstein, J. E., Stovall, M., Hacker, D.
G., Luckyanov, N., & Land, C. E. (2000). Breast can-
cer mortality after diagnostic radiography: Findings
from the U. S. scoliosis cohort study. Spine, 25(16),
2052-2063.

D’Osualdo, F., Schierano, S., Soldano, F. M., & Isola,
M. (2002). New tridimensional approach to the eval-
uation of the spine through surface measurement:
the BACES system. Journal of Medical Engineering
& Technology, 26(3), 95-105.

Ho, E. K. W.,, Upadhyay, S. S., Ferris, L., Chan, F. L.
Bacon-Shone, J., Hsu, L. C. S., & Leong, J. C. Y.
(1992). A comparative study of computed tomo-
graphic and plain radiographic methods to measure
vertebral rotation in adolescent idiopathic scoliosis.
Spine, 17(7), T71-T74.

Kolisko, P., Salinger, J., Krej¢i, J., Novotny, J., & Szo-
tkowska, J. (2005). Hodnoceni tvaru a funkce pdtere
s vwuzitim diagnostického systému DTP-1, 2. Olomouc:
Univerzita Palackého.

Kolisko, P., Salinger, J., Novotny, J., & Vychodil, R.
(1996). Diagnostics of spine disorders by positional
tracking device. Acta Universitatis Palackianae Olo-
mucensis. Gymnica, 26, 25-30.

Krejéi, J. (2007). Systém pro diagnostiku tvaru pdtere
¢lovéka. Dissertation thesis, Palacky University,
Faculty of Science, Olomouc.

Krejéi, J., Salinger, J., Gallo, J., Kolisko, P., & Stépanik,
P. (2008). Influence of selected examination pos-
tures on shape of the spine and postural stability in
humans. Biomed. Pap. Med. Fac. Univ. Palacky Olo-
mouc Czech Repub., 152(2), 275-281.

Mannion, A. F., Knecht, K., Balaban, G., Dvorak, J.,
& Grob, D. (2004). A new skin surface device for
measuring the curvature and global and segmental
ranges of motion of the spine: Reliability of measure-
ments and comparison with data reviewed from the
literature. Eur. Spine J., 13(2), 122-136.

Mcllroy, W. E., & Maki, B. E. (1997). Preferred place-
ment of the feet during quiet stance: Development
of a standardized foot placement for balance testing.
Clin. Biomech., 12(1), 66-70.

51

Nault, M. L., Allard, P., Hinse, S., Le Blanc, R., Ca-
ron, O., Labelle, H., & Sadeghi, H. (2002). Rela-
tions between standing stability and body posture
parameters in adolescent idiopathic scoliosis. Spine,
27(17), 1911-1917.

Norton, B. J., Hensier, K., & Zou, D. (2002). Com-
parisons among noninvasive methods for measuring
lumbar curvature in standing. J. Orthop. Sports Phys.
Ther., 32(8), 405-414.

Norton, B. J., Sahrmann, S. A., & Van Dillen, L. R.
(2004). Differences in measurements of lumbar cur-
vature related to gender and low back pain. J. Orthop.
Sports Phys. Ther., 34(9), 524-534.

Ovadia, D., Bar-Or, E., Fragniere, B., Rigo, M., Dick-
man, D., Leiter, J., Wientrub, S., & Dubousset, J.
(2007). Radiation free quantitative assessment of
scoliosis: A multi center prospective study. Eur.
Spine J., 16(1), 97-105.

Riegerova, J., Krejéi, J., Kolisko, P., & Pridalova, M.
(2008). Posture analysis using position detector
DTP2 in senescent women after the application of
a targeted excercise program. Acta Universitatis Pa-
lackianae Olomucensis. Gymnica, 38(1), 27-33.

Sliwa, W., & Sliwa, K. (2001). Wady postawy ciala i ich
ocena. Wroclaw: POSMED.

Torell, G., Nachemson, A., Haderspeck-Grib, K., &
Schultz, A. (1985). Standing and supine Cobb meas-
ures in girls with idiopathic scoliosis. Spine, 10(5),
425-427.

Willner, S. (1981). Spinal panthograph - a non invasive
technique for describing kyphosis and lordosis in
the thoraco-lumbar spine. Acta Orthop. Scand., 52,
525-5209.

HODNOCENI VLIVU VYSETROVACICH POLOH
NA POSTURALNI STABILITU POMOCI
DIAGNOSTICKEHO SYSTEMU DTP-3
(Souhrn anglického textu)

Pfi vySetfovani tvaru patefe jak rentgenologickymi,
tak neradiacnimi neinvazivnimi metodami je dilezita
standardizace polohy vySetfované osoby. Standardi-
zace vySetfovaci polohy umozni vzajemné porovnani
vysledk vySetfeni riznymi metodami. Navic vhodna
vySetfovaci poloha by méla snizit titubaci a tim zvySit
reliabilitu vySetfeni. Pro hodnoceni vlivu fixace na sni-
Zeni titubace vySetfované osoby byly navrZzeny dvé vy-
Setfovaci polohy s riznym stupném fixace: poloha D
- stoj s oporou ramen o fixaéni ram a poloha F - leh
na bfiSe na fixatnim ldzku. Uvedené polohy byly porov-
nany s polohou A - volny navykovy stoj. Pro vySetfeni
tvaru patefe a titubace byl vyuZit mikropocitacovy dia-
gnosticky systém DTP-3, ktery umoznuje méfit tfiroz-
mérnou polohu bodl neinvazivni dotykovou metodou.
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Metodika vySetfeni spociva v palpaci a oznaceni pro-
jekci akromiont, zadnich hornich spin a trnovych vy-
b&zkid na koZznim povrchu vySetfované osoby. Oznacené
body jsou snimany dotykem hrotu polohového snimace
a prenaSeny do osobniho pocitace, kde jsou zobrazeny
do vystupnich protokoll ve formé tabulek a grafti. Byl
zméfen soubor 80 vySetfenych osob (40 muzii a 40 Zen,
vék 23,1 £ 2,5 roku). Kazda osoba byla v kazdé vysetio-
vaci poloze zméfena p€tkrat a byla vypocitana primér-
na kfivka patefe a standardni odchylka kvantifikujici
titubaci vySetfované osoby. Z hodnoceni vlivu fixace
na sniZeni titubace vyplyva, Ze rostouci stupen fixace
vySetfovacich poloh A-D-F vede ke sniZeni titubace
vyjadiené pomoci priimérnych hodnot standardnich od-
chylek v mediolateralnim sméru: 3,63-1,12-0,86 [mm],
v posterioanteriornim sméru: 5,25-2,94-1,33 [mm]
a ve kaudokranialnim sméru: 1,30-1,33-1,00 [mm].
Z hodnoceni dale vyplyva, ze polohy D a F vyznamné
sniZuji titubaci vi¢i poloze A a poloha F dale sniZuje
titubaci viici poloze D.

Klicova slova: titubace, vysetrovaci poloha, neinvazivni
diagnostika, mikropocitacovy diagnosticky system DTP-3.
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