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Aims: The accuracy of non-radiographic measurement of the spinal shape is influenced by postural sway (PS).
The aim of this study was to determine whether certain examination postures prevent PS without changing key spinal
characteristics.

Methods: We tested 1) natural standing position (posture A), 2) fixation postures standing with the support of the
upper limbs against a wall (posture B) and 3) standing with the support of the head and chest against a wall (posture
C). There were examined 60 subjects; the examination of each posture was repeated five times in each individual by
DTP-3 microcomputer position system. The spinal shape changes resulting from tested postures were assessed using
ttest. The role of PS was assessed using standard deviations, and the significance of differences between the individual
postures was determined using the F-test.

Results: Compared to posture A, the fixation posture B did not have any significant influence on the degree of PS,
but it significantly influenced the shift of the spine from the ideal vertical and its slope, although this did not result in
spine curve deformation. The fixation posture C significantly reduced the PS compared to posture A; however, there
were significant changes in the spinal shape. This fixation posture shifted significantly the spine from the ideal vertical

and slope characteristics.

Conclusion: PS plays a role in the examination of spinal shape. Positions B and C did not meet the required criteria.
Therefore, it is necessary to search for another examination position.

INTRODUCTION

To reduce cumulative radiation exposure, especially
in children and adolescents, non-radiographic methods
for spinal shape examination have been introduced'®.
However, random variations in the standing position (pos-
tural sways) of the examinee caused by postural instability
or breathing can influence the accuracy and reliability of
the methods developed for spinal shape measurement.
Moreover, patients with scoliosis have much less control
over postural stability than the normal population’?.
Taken together, there is a need for examination postures
that may minimize the influence of postural sway on the
accuracy of measurement.

From the physical point of view, postural sways may
be described by the amplitude and period of spatial body
deflections, and therefore a single examination of spinal
shape shows only the momentary body posture during
a series of deflections. One method for resolving this
problem is to repeat spinal shape examinations within an
appropriate time interval with the subjects in different
examination postures. However, any fixation procedure
that reduces the amplitude of postural sway may change

the body posture and the spinal shape simultaneously.
Therefore, it is important to determine the characteristics
of selected examination postures in terms of both the pos-
tural stability and the influence of body posture on spinal
shape. An accurate description of these characteristics of
examination postures will enable standardization of such
conditions as well as a comparison of results obtained
with different methods.

In this study the natural standing position was com-
pared with two postures that utilize a different degree of
fixation. The aim was to evaluate the influence of each
position on the degree of postural sway and on spinal
shape. Ideally, the best position is that with minimal pos-
tural sway while maintaining the spinal shape as close as
possible to that of the natural standing position.

MATERIALS AND METHODS

Investigated examination postures
The examination postures (Fig. 1) tested in the study
were:
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Posture A Posture B Posture C

Fig. 1. Natural standing position (posture A) and pro-
posed fixation postures B and C

Legend

X, ¥, z - coordinate axes

V - point for erection of ideal vertical
IV - ideal vertical

Fig. 2. Examination of spinal shape and postural sway
using the DTP-3 diagnostic system
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» Posture A is the natural standing position without fixa-
tion. The width of the position is habitual, with the up-
per limbs alongside the body; the examinee is looking
straight ahead.

» Fixation posture B is a posture in which the upper limbs
are supported against a vertical wall. The width of the
position is habitual, the forearms are horizontal, and
the examinee touches the wall with their fingertips and
looks straight ahead.

e Fixation posture C is a posture in which the head and
chest of examinee are supported against a vertical wall.
The width of the position is habitual, the upper limbs
lie alongside the body, and the forehead, tip of the
nose, and the chest are touching the wall.

The instrument

We used the microcomputer diagnostic system, DTP-3,
which allowed non-invasive examination of spinal shape
in the sagittal and frontal planes by applying the contact
method’. The DTP-3 software involved algorithms for cal-
culating postural sway amplitudes and for determining
spinal curvature by calculating the coefficients of approxi-
mation polynomials*°. This system allowed repeated ex-
aminations within a short time interval. The coordinates
of anatomic points on the skin surface of the examinee
were registered with a position sensor and transferred to
a personal computer, which converted these points into
output records for subsequent evaluation. The postural
sensor allowed measurement of the positions of points in
the sphere with a diameter of 2200 mm and a standard
error of 0.5 mm*!",

When using the DTP-3 system to diagnose spinal shape
(Fig. 2), we palpated and detected the skin projections of
the following anatomic points: left and right lateral parts
of the acromion, bilateral posterior superior iliac spine,
and the processus spinosus of vertebrae C3-C7, T1-T12,
and L1-L5. The positions of the measured points were
converted into output records. The so-called ideal vertical
(IV), i.e. mathematical simulation of a plumb line erected
from the centre of the intercalcaneal line (V), was used
to evaluate the spinal shape. The orientation of the 3D
Cartesian coordinate system was as follows: axis z was on
the ideal vertical and oriented in the caudal-cranial direc-
tion, axis x was parallel with the intercalcaneal line and in
left-right direction, and the direction of axis y was in the
posterior-anterior direction. As a result, frontal plane was
defined by axes xz and the sagittal plane by axes yz.

Study group

The experimental part of the study included meas-
urements of 60 subjects: 26 men and 34 women, aged
22.8 £ 1.3 years (mean=SD), weighing 67.4 + 9.6 kg, and
174.1 £ 9.5 cm tall; the height of the spine given by the ver-
tical distance between the processus spinosus of C3 and
L5 was 52.0 £ 3.9 cm. The group included only healthy
subjects. The examination of spinal shape in individuals
was repeated five times for each of the three postures (A,
B, C), and individual measurements followed immediately
one after the other. The duration of one measurement was
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Legend

CT - cervicothoracic transition
TL - thoracolumbar transition
a,. - angle of cervical lordosis
a,. - angle of thoracic kyphosis
a, - angle of lumbar lordosis
IV- ideal vertical

V.. - cervical lordosis peak

V. - thoracic kyphosis peak

V, - lumbar lordosis peak
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Fig. 3. Mean angle parameters and spinal shapes for postures A, B, and C
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Fig. 4. Mean positions and mean of standard deviations of the processus spinosus in the 60 subjects in postures A,

B, and C

32.2 £ 4.6 s. Spine height was standardized so that the re-
sults of subjects of different height could be compared.

Evaluation of the postural stability

The stability of selected processus spinosus of individ-
ual subjects was evaluated by standard deviations (SDs)
calculated from five repeated measurements of coordi-
nates of the selected processus spinosus in all monitored
postures® 2. Based on these, mean of SDs (MSD) in coor-
dinates x, y, and z were calculated for the whole group.

Evaluation of the spinal shape with approximation
polynomial

Spinal shape is given by the mean coordinates of all
processus spinosus calculated from five repeated measure-
ments of their coordinates. The repeated measurement
and averaging improves the reliability of measurements
as it reduces the influence of postural sway on the ex-
aminee.

Direct evaluation of 3D coordinates X, Y, and z, of all
processus spinosus, =1, 2, ..., 22, for all subjects is time-
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Table 1. Mean of standard deviations of processus spinosus coordinates x and y in the 60 subjects
for postures A, B, and C

x coordinate y coordinate

Processus Posture Comparison Posture Comparison
spinosus | A B C B-A C-A A B C B-A C-A
MSD MSD MSD A A MSD MSD MSD A A
C3 [mm]| 399 294 255 |-105 + * -1.45 + *| 522 585 140 | 0.63 -3.82 f *
C4 [mm]| 3.81 290 2.39 | -0.91 * 141 + *| 523 563 142 | 041 -3.81 1 *
C5 [mm]| 3.75 2.77 229 | -0.99 * -146 f *| 493 532 158 | 0.39 -3.36 T *
C6 [mm]| 3.73 277 2.39 | -0.96 * -1.34 + *| 489 510 175 | 0.21 -3.14 + *
C7 [mm]| 3.70 282 2.33 | -0.88 * 137 + *| 490 498 1.80 | 0.08 -3.10 1 *
Tl [mm]| 3.81 276 233 | -1.05 + * -1.49 + *| 487 479 185 | -0.07 -3.01 1 *
T2 [mm]| 3.78 272 244 | -1.06 + * -1.34 1 *| 482 4.6l 1.83 | -0.21 -298 t *
T3 [mm]| 3.73 273 244 | -1.00 + * -1.30 + *| 471 4.4l 1.87 | -0.30 -2.84 f *
T4 [mm]| 3.84 278 250 | -1.06 + * -1.34 + *| 471 437 199 | -0.35 =272 f *
TS [mm]| 3.76 2.69 246 | -1.07 + * -1.30 + *| 497 438 2.08 | -0.59 -2.89 t *
T6 [mm]| 3.53 2.60 247 | -0.93 * -1.06 t *| 480 414 226 | -0.66 * 254 0%
T7 [mm]| 3.53 2.59 238 | -0.94 * -1.14 + *| 479 398 2.28 |-0.82 * 251 0%
T8 [mm]| 3.50 245 230 | -1.05 + * -1.20 + *| 5.02 402 238 |[-1.00 f * -2.65 { *
T9 [mm]| 345 250 225 | -0.95 * -119 + *| 501 393 237 |-1.08 f * -2.64 T *
T10 [mm]| 3.53 244 226 |-1.09 t * -1.26 ¥ *| 488 391 233 | -0.97 * 255 0%
T11 [mm]| 3.40 245 225 | -0.95 * 115 f *| 466 3.88 225 | -0.78 * 241 0%
T12 [mm]| 3.16 229 215 | -0.87 * -1.01 f *| 455 374 226 | -0.81 * 2229 %
L1 [mm]| 326 225 210 |-1.01 + * -116 + *| 456 3.72 223 | -0.84 * 2233 %
L2 [mm]| 3.09 225 208 | -0.84 * -1.01 f *| 458 3.70 2.16 | -0.88 * 242 0%
L3 [mm]| 3.03 210 2.01 | -0.94 * -1.03 f *| 451 361 229 |-0.89 * 2221 0%
L4 [mm]| 2.91 1.99 198 | -0.92 * -0.92 *|1 448 3.58 226 | -0.91 * 2222 0%
L5 [mm]| 2.88 210 2.00 | -0.77 * -0.88 *| 434 339 228 | -095 * 22,06 f *
Legend

MSD - mean of standard deviations in the respective coordinate

A - parameter difference
T-1]A] > 1 mm
* - P<0.05 (F-test)

consuming. Therefore, a computer algorithm was used

to evaluate the spinal shape, applying coefficients of the

approximation polynomial®"®. The clinical interpretation

of calculated polynomial coefficients b, b, b,, b,, b,, b,

b, in the sagittal plane was as follows:

* b, - posterior-anterior shift of the spine from the IV

* b, - posterior-anterior sloping of the spine to the IV

* b, - overall spinal curvature (i.e., primarily curvature
of thoracic kyphosis)

* b, and b, - curvature of the upper and lower parts
of the spine (i.e., curvature of cervical and lumbar
lordosis)

* b, and b, - residual spinal curvature of just units of
millimetres
A sixth-degree polynomial was applied to describe the

spinal shape in the sagittal plane since it represented the

best approximation to the physiological curvature of spine
with two inflexion points®. The positions of two inflexion
points might be interpreted as a cervicothoracic transition
and a thoracolumbar transition. These transitions split the
spine into three parts: the cervical, thoracic, and lumbar
spine. The curvature of the respective spinal parts could
be described with angle parameters (Fig. 3) defined as
follows:

* The angle of the cervical lordosis, o, is the angle be-
tween the normal lines (perpendicular line to tangent
of polynomial curve in the respective point) projected
from the processus spinosus at C3 and the cervicot-
horacic transition.

* The angle of the thoracic kyphosis, a,, is the angle
between the normal lines projected from the cervicot-
horacic transition and the thoracolumbar transition.
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Table 2. Polynomial coefficients and angle parameters in the sagittal plane
in the 60 subjects in postures A, B, and C

Coefficient/ Posture A Posture B Posture C Comparison B - A | Comparison C - A
angle M SD M SD M SD A P A P

b, [mm] 7.5 20.0 21.6 22.8 37.6 16.7 142 + 0.000 * 30.2 + 0.000 *
b, [mm] 5.5 10.1 10.1 11.0 -3.5 9.3 46 1 0.000 * -9.0 ¥ 0.000 *
b, [mm]| 382 9.3 38.8 9.1 34.7 9.8 0.6 0.168 -3.5 ¥ 0.002 *
b, [mm]| 13.5 5.8 13.8 5.6 12.5 6.6 0.3 0.125 -1.0 ¥ 0.060
b, [mm]| -12.5 42 | -12.9 42 | -14.6 4.7 -0.4 0.019 * -2.1 ¥ 0.000 *
by [mm]| -2.3 3.1 -2.5 3.0 -1.1 3.0 -0.1 0.340 1.3 ¥ 0.000 *
b, [mm]| -3.2 1.9 -2.8 1.6 -1.8 1.8 0.4 0.003 * 1.4 ¥ 0.000 *
a,. [°] 30.3 11.8 29.0 11.5 25.1 10.1 -1.3 1 0.139 -5.2 ¥ 0.000 *
a, [°] 39.4 7.2 39.5 6.9 36.6 7.7 0.0 0.874 -2.8 ¥ 0.001 *
a, [°] 39.7 13.7 38.8 13.8 42.6 14.3 -0.9 0.053 2.9 + 0.001 *

Legend

by, b,,..., b, - polynomial coefficients in the sagittal plane

a,. - angle of cervical lordosis
o, - angle of thoracic kyphosis
a, - angle of lumbar lordosis
M - arithmetic mean

SD - standard deviation

A - parameter difference
T-|A|>2] mm

P - significance of paired rtest
* - P<0.05

¢ The angle of lumbar lordosis, a,, is the angle between
the normal lines projected from the thoracolumbar
transition and the processus spinosus at L5.

Statistics

All calculations for evaluation of postural sway and
spinal shape were performed using MATLAB 7.0 and the
Statistics Toolbox (The MathWorks, Natick, MA). The
statistical significance of changes in any parameter was
assessed using the F-test and paired rtest!, with a cut-off
for significance of p=0.05. The effect of size of parameter
change was based on the absolute size of the difference.
For an absolute difference of |A|<1 mm (1°), the param-
eter change was considered as an insignificant effect of
size, and vice versa.

RESULTS

Influence of examination posture on postural stability
The values of MSD for coordinates x and y of the in-
dividual processus spinosus in the 60 subjects in postures
A, B, and C are given in Table 1 together with the results
of the statistical tests and effect of size of differences be-
tween the postures A and B and postures A and C. The
values of MSD in the coordinate z did not exceed 1 mm
and no statistical or effect size significance was found,

hence these values were not shown in the Table 1. Figure 4
shows the results of the MSDs of the processus spinosus
including the mean position of the processus spinosus for
all three studied postures.

The postural sway in coordinate x was significantly
lower for fixation posture B than for posture A, and the
effect size was within the limits of significance. The reduc-
tion of postural sway in coordinate y was statistically sig-
nificant only for the processus spinosus between T6 and
L5, and the effect size was significant only for the proces-
sus spinosus of T8 and T9. The postural sway in coordi-
nates x and y was significantly lower for fixation posture
C than for posture A, and the effect size was significant
along the entire spine except for the processus spinosus
of L4 and L5 for the coordinate x. Taken together, fixa-
tion posture C was the only position that significantly
increased the stability of the standing position during con-
tact non-radiographic examination of spine.

Influence of examination posture on spinal shape

The results of the evaluation of spinal shape in the sag-
ittal plane, including mean values, SDs of the polynomial
coefficients, and angle values corresponding to the angles
of cervical lordosis, thoracic kyphosis, and lumbar lordo-
sis in postures A, B, and C are given in Table 2. This table
also lists the effect size and the statistical significance of
differences in coefficients and angles between postures A
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and B and postures A and C. The paired #test was used
for statistical comparisons.

Effect size and statistically significant differences in
polynomial coefficients b and b, were found between pos-
tures A and B, whereas differences in coefficients 5, and
b, were statistically significant but there was no significant
effect size. The difference in the angles of cervical lordosis
achieved significant effect size, but this was not statisti-
cally significant. It might be concluded that the spinal
shift from ideal vertical and spinal slope was higher for
fixation posture B than for posture A, but the curvature
of the individual sectors was the same. The results of the
spinal shape analysis in the sagittal plane are shown in
Fig. 3.

Effect size and statistically significant differences were
found between postures A and C in terms of all polynomi-
al coefficients and all angle polynomial parameters except
for coefficient 5, which was not statistically significant.
Compared to posture A, fixation posture C exhibits an
increased deviation of the spinal shape from ideal verti-
cal, a decreased spinal slope, a flattened cervical lordosis
and thoracic kyphosis, and an increased lumbar lordosis
curvature.

DISCUSSION

Accurate and timely diagnosis of type and degree of
a spinal deformity is basic to correct treatment, either
surgical or conservative' '*. The most common examina-
tion method is a radiological evaluation which involves
measurement of rotation and torsion of the vertebrae.
Long-term follow-ups are required in the majority of cases
of spinal deformity leading to increased cumulative radia-
tion dose. Another limitation of the radiographic method
is that it cannot make X-rays in the frontal and sagittal
plane at the same time unless computed tomography is
used which enables three-dimensional reconstruction'.
However, computed tomography exposes the patient to
a much higher level of radiation than that for simple ra-
diography. Alternative, non-radiographic methods are
therefore being researched. In addition to eliminating
the disadvantages of radiological examination, these tech-
niques should also use modern technologies with their
increased reliability and accuracy, and that allow dynamic
examinations®°.

In theory, these methods are based on the spinal shape
being sufficiently represented by projections of anatomic
points on the body surface'. The coordinates of these
points are measured from the surface of the back using
mechanical, optical, or ultrasound sensors. Subsequent
computer processing enables both the 3D reconstruction
of spinal shape and the calculation of other clinically
important parameters®. On the other hand, all of these
methods depend on stable posture during the examination
period. In this regard, postural sway, breathing and other
sources of postural instability can be a problem.

The results of this study show that the examination
position used for spine diagnostics can significantly in-
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fluence the spinal shape and degree of postural sway.
Theoretically, precise and reliable diagnostics of spinal
shape require an examination position that minimizes
both the postural sway and changes in spinal shape. The
examination positions evaluated in our study do not si-
multaneously fulfil both of these requirements. Postures
A and B do not address the requirement of sufficient
postural stability, and although posture C significantly
reduces the degree of postural sway, it does not address
the requirement of a minimal influence on spinal shape.

Selecting the most appropriate examination position
for spinal shape diagnostics does not depend on the exam-
ination method, and hence is applicable to both non-inva-
sive, surface examinations and radiological examinations.
The influence of various modifications of examination
positions applicable to the X-ray method in the frontal
plane has been described previously?', but that study did
not consider postural sway. Various examination positions
were used in the various methods of surface diagnostics
of spinal shape, such as the Arcometer!, the BACES sys-
tem?, the Metrecom system??, the Ortelius800™ system®,
Posturometr-S?, and the SpinalMouse system?'. These
variations preclude direct comparisons of the results of
such studies. For the BACES system, the Metrecom sys-
tem and Posturometr-S, the use of special fixation devices
to increase postural stability was proposed but the degree
of postural sway was not quantified and the influence of
the fixation procedure on the spinal shape was not dis-
cussed. Other reports on surface spinal shape diagnostics
using X-ray"* have not addressed the influence of various
examination positions. Overall, close attention should be
paid to standardizing the measurement protocol including
the definition of examination posture.

CONCLUSIONS

We found that postural sway could strongly influence
on the variability of method for spinal shape examination.
Therefore, further research is necessary to find out such
examination position that would increase the reproduc-
ibility and validity of spinal examinations. In addition,
this study has supported further development of non-ra-
diographic computer-assisted assessment of spinal shape
because they are three-dimensional, quick, and reliable.
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