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Abstrakt

Tato prehl'adova §tidia poukazuje na moznosti vyuZzitia posturografie v klinickej medicine.
Doposial’ sa v praxi na posudzovanie stability postoja vyuzival naymd Rombergov test
¢i tandemovy Rombergov test. Tieto testy vSak mozu byt zat'azené urcitou chybou merania
a nemusia byt’ dostato¢ne citlivé na odhalenie zmien parametrov rovnovahy pocas cvicebnych
programov. Objektivnu moznost’ diagnostiky predstavuju stabilografické systémy. V naSich
podmienkach pouzivame systém FiTRO Sway Check, ktory umoznuje monitorovanie pohybu
taziska tela v horizontalnej rovine na zaklade analyzy distribucie vertikalnej sily registrovane;j
pomocou dynamometrickej platne s tromi tenzometrickymi snimacmi sily frekvenciou 100
Hz. Na posudzovanie stability postoja sa v praxi najviac vyuziva staticka posturografia. Aj
ked je citlivost’ takéhoto merania na prijate'nej Grovni umoznujucej hodnotenie stability
postoja na vicsich skupinach, nedosahuje Groven potrebni na individualne posudzovanie
Vv praxi. Skusenosti ukazujl, Ze dynamickd posturografia umoziuje citlivejSie diferencovat’
jedincov s roznou urovilou rovnovahovych schopnosti. Inou moznostou je test, pri ktorom

dochadza k naruSeniu rovnovahy neocCakavanym uvolnenim zavazia, ktoré testovana osoba



drzi v predpazeni. K zvySeniu ndro¢nosti podmienok na udrzanie rovnovahy mozno pouzit
penovl podlozku alebo platiiu na pruzinach spolu s vylacenim zrakovej kontroly. Novinkou v
diagnostike rovnovahovych schopnosti st performacné testy stability postoja zalozené na
vizualnej spdtnovdzbovej kontrole polohy taziska tela aregulacii jeho pohybu
Vv pozadovanom smere. Tieto testy nasli svoje uplatnenie pri posudzovani aktualneho stavu
rovnovahovych schopnosti jedincov rézneho veku a vykonnosti, schopnosti udrzania
rovnovahy a rychlosti jej obnovy po naruseni V Sportovo-Specifickych podmienkach, vplyvu
roznych foriem telesného zat'azenia na stabilitu postoja, ako aj adaptacnych zmien pri
systematickom cvicebnom programe zameranom na jej zlepsSenie. Na druhej strane, nevyuzité
st zatial' moznosti ich uplatnenia v Klinickej medicine a rehabilitacii. Na opodstatnenost’
posudzovania stability postoja v pripade urcitych ochoreni ¢i poraneni pritom poukazuju
mnohé zahrani¢né Stidie. V tejto praci preto upriamime pozornost’ predovSetkym na metddy

posudzovania stability postoja v naSich podmienkach.
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test rovnovahy pri ndhlom naruseni stability postoja

Introduction

Romberg's test is commonly used as a part of the neurological examination. However, it is
considered to be a rather qualitative assessment of postural stability because only greater sway
may be observed (Jansen et al., 1982). Diagnostic systems based on force platform represent
more objective alternative. These are able to assess various aspects of postural control system.
The displacement of the center of pressure (CoP) is used as a measure of stabilizing postural
reactions in quiet standing, as well as in expected or unexpected perturbations.

Traditionally used static balance, however, in most cases is not sensitive enough to
reveal balance problems in an early phase of disease. This lack of sensitivity is a consequence
of multiple sensory inputs (visual, vestibular, and proprioceptive) involved in postural control.
Such a system can compensate for a smaller impairment of balance in such a way that under
static conditions no deficits in postural stability may be apparent. Under dynamic conditions,
the control mechanisms are taxed to a substantially greater extent so that individual
differences can be revealed. These are characterized by a stance on a foam cushion, by
external perturbations from a platform either shifting in antero-posterior (A-P) and medio-
lateral (M-L) direction or tilting toes up and down, and by applying them directly to the body,

for example by pushing/pulling the trunk, shoulders or pelvis.



Experience indeed indicates that standing on an unstable foam surface or a spring-
supported platform while testing balance function is more efficient for discriminating within-
group and between-group differences as compared to static balance tests (Zemkova, Hamar,
2015; Zemkova et al., 2015a). These conditions are also more effective in revealing slight
changes in sensorimotor functions following exercise programs (Zemkova, 2010). In addition,
the testing of balance under unstable conditions, coupled with or without visual references, is
able to reveal changes in the postural control system throughout the lifespan (Zemkova et al.,
2010). This may be due to the fact that reduced reliability of proprioceptive information,
either by standing on a sway-referenced surface (Redfern et al., 2001) or on a compliant foam
surface (Teasdale et al., 1993), increases attention demand associated with maintaining
balance. In particular, vision is of greater significance when demands on the postural task
increase (Buchanan, Horak, 1999; Mergner et al., 2005). According to Taube et al. (2008)
there is asignificant interaction between the visual and the support surface conditions
indicating that the H-reflex is more strongly affected by changes in visual feedback while
standing on an unstable surface.

Contrary to this, visual feedback control of the center of mass (CoM) position may
compensate for reduced proprioceptive information while standing on a foam surface
(Zemkova et al., 2010). However, providing visual feedback in more demanding and
functional balance tasks (i.e., the stance on a spring-supported platform) enhances
discrimination of sway variables in A-P and M-L directions during a visually-guided CoM
tracking task (Zemkova et al., 2010). In comparison with static balance tests, task-oriented
balance tests showed comparable reliability but better potential for the differentiation between
groups with different level of balance capabilities (Hamar, Zemkova, 2009).

Dynamic posturography also represents a more sensitive and hence a more appropriate
alternative for the assessment of balance than systems which monitor the CoP in static
conditions (Zemkova et al., 2005a; Zemkova et al., 2005b). Platform perturbations on some
systems are unpredictable and are determined by the subject's positioning and sway
movement. Other systems have a more predictable sinusoidal waveform, which remains
constant regardless of subject positioning. Another example is the system that has a centrally
pivoted platform with a tilt sensor. The stability of the platform is controlled by pressure in a
pneumatic cushion under the platform and the tilt sensor monitors the deviation from the
reference position. Some systems utilize a multiaxial platform similar to that of a BAPS board

or wobble board that allows approximately 20° of deflection in any direction. Novel systems



are equipped with the trunk sensor applied to the subject's trunk which is capable of detecting
trunk oscillations in A-P and M-L directions in erect as well as seated positions.

For instance, one of the most used, the NeuroCom’s EquiTest, is equipped with a
moving visual surround allowing the assessment of different sensory modalities. During the
assessment, inaccurate information is delivered to the patient’s eyes, feet and joints through
sway referencing of the visual surround and/or the support surface. The Sensory Organization
Test (SOT) consists of six conditions designed to evaluate the effects of vision,
proprioception, and vestibular input during standing. Several studies have reported moderate
to good reliability of the SOT in young and older subjects (e.g., Ford-Smith et al., 1995).
Some of the studies showed test-retest reliability of the SOT equilibrium scores using the
estimated G coefficient in the range of 0.51 for the SOT condition 4 and 0.64 for the SOT
condition 5 (Dickin, Clark, 2007) to 0.67 for the composite SOT score (Wrisley et al., 2007)
in healthy young adults. However, Wrisley et al. (2007) found significant changes in the
composite and equilibrium scores for the SOT conditions 4, 5 and 6 over 5 repetitions when
testing young people, suggesting that a learning effect was present. A significant learning
effect for the SOT conditions was also observed in patients with chronic low back pain
(Leitner et al., 2009). Likewise, significant learning effects seem to limit the use of the SOT
as an outcome monitor in early of lung transplantation rehabilitation. The Motor Control Test
does not seem to provide additional information to the planning of lung transplantation
rehabilitation programs. The Limits of Stability Test provides an excellent level of reliability
and an acceptable level of detection of expected changes in postural stability as a result of
planned rehabilitation intervention (Ebenbichler et al., 2015; Ebenbichler et al., 2016).
However, this system used in clinical examination is rather expensive and not available for
smaller physiotherapy or rehabilitation centres. In addition, the practice has shown that it is
more useful to utilize computerized portable systems that are more applicable to routine
testing as opposed to laboratory conditions (Zemkova, 2013a; Zemkova et al., 2015b).

Instrumented tests such as trunk repositioning and load release tasks (Reeves et al.,
2006; Silfies et al., 2007) which are a quick-to-administer, could serve as a possible
alternative to overcome these limitations. The trunk repositioning tasks require a subject to
actively or passively return to a neutral spine position following a predefined displacement.
Load release tasks require the subject to perform an isometric trunk contraction at a
predefined intensity against an external load, which is subsequently released, and the
displacement of the trunk is quantified. The voluntary surface electromyography can be

recorded from the core musculature to examine the on—off activation of muscles following



release. These tests are mainly used to evaluate functional impairments among elderly people
and those with concurrent neck or low back pain (Michaelson et al., 2003; Jorgensen et al.,
2011; Karayannis et al., 2013; Sturnieks et al., 2013).

Though most of these tests were applied to athletes (Zemkova, 2011; Zemkova, 2012;
Zemkova, 2014a; Zemkova, Hamar, 2014; Zemkova et al., 2015¢), some of them were also
used in children and youth (Kovacikova et al.,, 2011; Stefanikova, Zemkova, 2013a;
Stefanikova, Zemkova, 2013b; Zemkova, 2013b; Stefanikova, Zemkova, 2014), physically
active and sedentary adults of different ages (gtefénikové et al., 2011; Zemkova et al., 2013;
Zemkova et al., 2016a), overweight and obese individuals (Zemkova et al., 2016b), Parkinson
patients (Valkovic et al., 2012) and in those after lower limb injury (Zemkova, Vlasic, 2009;
Vlasi¢, Zemkova, 2011; Zemkova et al., 2011). This study is aimed at presentation of methods
used for assessment of body balance in our conditions and their possible applications in
clinical medicine, physiotherapy, and rehabilitation.

Static balance tests

Subjects stand barefoot on a force platform with their arms relaxed comfortably at
their sides (Figure 1). They are instructed to stand in an upright posture with their feet
abducted 10° and their heels separated mediolaterally by a distance of 6 cm. A series of two
trials are conducted in random order under different conditions: bipedal stance on a force
platform with eyes open and eyes closed, respectively; bipedal stance on an foam surface
placed on the force platform with eyes open and eyes closed, respectively; and one-legged
stance on the force platform with eyes open. Each test consists of two 30-second trials while
better result is taken for the evaluation.

Basic parameters of postural sway (mean CoP position in the X- and Y-axis, mean
CoP velocity, mean CoP acceleration, mean trace length of the CoP, mean distance from the
middle of the CoP, mean squared distance from the middle of the CoP, and area of trace of the

CoP) are registered by using a system FITRO Sway Check (FiTRONIC, SVK) (Figure 2). The

force platform data are sampled at a frequency of 100 Hz. As an alternative, an unstable
spring-supported platform can be used.

Analyses of repeated measurements identified that the most reliable parameter was
mean CoP velocity with the test-retest correlation coefficient of 0.819 and the measurement
error of 10.4% (Zemkova, Hamar, 1998). The mean of the best two out of five 30-second
trials recorded for evaluation were considered as a reliable measure of postural stability (r =
0.987). There were no significant day-to-day changes in measures of postural stability which

signify stability of measurement.
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Figure 1 Tests of static balance using the FITRO Sway Check system
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Figure 2 An example of results

Although mean CoP velocity and mean distance of the points on the stabilographic
curve from its center are reliable to assess postural stability in a group of subjects, these are
not sensitive enough for individual assessment. As the movement of the CoM is characterized
as a random process, partly based on Chaos Theory, it is possible to use the mathematical
model, so-called diffusion analysis, for its evaluation.

The stabilogram-diffusion analysis (SDA) assumes that the CoP during quiet stance
can be modeled as a system of coupled, correlated random walks (Collins, De Luca, 1993).
This analysis revealed that over short time intervals during quiet stance, the CoP tends to drift
away from a relative equilibrium point, while over long time intervals, the CoP tends to return
to a relative equilibrium point. This finding was interpreted as an indication that the postural
control system utilizes open-loop control mechanisms over short-term intervals, and closed-

loop control over long-term intervals to maintain upright stance. An open-loop control system



is one which operates without sensory feedback, and in the case of the human postural control
system it may correspond to descending commands which set the steady-state activity levels
of the postural muscles. Closed-loop control systems, on the other hand, operate with sensory
feedback, and in the case of the human postural control system they correspond to the visual,
vestibular and somatosensory systems. This enables us to relate the measures quantifying the
stochastic behavior of the CoP profile to the neuromuscular mechanisms underlying the
maintenance of upright posture (Collins, De Luca, 1993; Collins, De Luca, 1995; Collins et
al., 1995).

According to the authors, the SDA is capable of detecting several changes related to
the postural control system. For instance, the method can differentiate postural stability
between young and elderly subjects (Collins, De Luca, 1995), or between healthy elderly
subjects and those with idiopathic Parkinson’s disease (Mitchell et al., 1995). SDA also more
sensitively revealed fine details in response to the training consisting of squats performed on
an unstable surface in an altered-G environment as compared to CoP statistics (Oddsson et al.,
2006; Zemkova et al., 2006; Oddsson et al., 2007; Zemkova et al., 2007).

Despite its promising clinical applicability in terms of physiological interpretations of
the results, the SDA has been subject to some controversy in the literature (e.g., Delignicres et
al., 2003). The main drawbacks include fair to good reliability, the inconsistent methodology
employed in different studies, the time-consuming testing procedure (at least ten 30 seconds
trials with eyes open and eyes closed), as well as the problematic neuromuscular
interpretation of the SDA (Peterka, 2000). The idea that there is some critical point in time
that distinguishes open-loop and closed-loop processes in postural control is questionable
(Carlton, 1992). Also the findings of Newell et al. (1997) suggest that it is premature to
consider the trajectory of the CoP as a two-process, open-loop and closed-loop random walk
model. Therefore, alternative methods of investigating the dynamic nature of the CoP profile
have been investigated with aim to be implemented into practice.

Test of dynamic balance

Subjects stand on a force plate connected to a computer with a special program that
generates its movement in the horizontal plane (Figure 3). They are not informed regarding
the direction and timing of perturbations. A signal from the computer triggers a random
motion of the platform, thus the subject receives no cues as to when the perturbation would
occur. The platform motion produces a sudden change in the external forces acting on the
subject, leading to a displacement of the subject's CoP. The perturbation causes only a

postural sway response, i.e. the subject do not need to take a step to maintain balance. The



protocol, based on the investigation of varied determinants of platform translation, such as the
direction (forward, backward, left-lateral, and right-lateral), displacement (1 cm, 2 cm, 4 cm,
6 cm, 8 cm, 10 cm, 12 cm, and 14 cm), and velocity (5 cm/s, 10 cm/s, 15 cm/s, and 20 cm/s)
and their influence on postural sway responses, has recently been described in detail
(Zemkova et al., 2015d).

Parameters of balance are recorded 5-s before, during, and 5-s following the sudden
motion of the platform, using the FITRO Dynamic Posturography system (FITRONIC, SVK).
Ground reaction forces are recorded at a sampling frequency of 100 Hz. The force plate is
placed over a moving device that produces side-to-side movements at a predefined velocity
and amplitude. Besides parameters mentioned above, after perturbations (e.g., in antero-
posterior direction) following parameters are registered: peak anterior displacement of the
subject’s CoP, peak posterior displacement of the subject’s CoP, total anterior to posterior
displacement of the subject’s CoP, time to peak anterior displacement of the subject’s CoP,
time to peak posterior displacement of the subject’s CoP, time from peak anterior to peak
posterior displacement of the subject’s CoP. Concurrently with measurement of dynamic
balance, trunk movement representing roughly the CoM movement can also be monitored
using the FITRO Dyne Premium (FiTRONiC, SVK) (Zemkova et al., 2016c¢).

Figure 3 Tests of dynamic balance using the FITRO Dynamic Posturography system
Task-oriented balance tests
Subjects can perform a visually-guided CoM tracking task (Figure 4) or a visually-
guided CoM target-matching task (Figure 5). In the first test, subjects are provided with
feedback on the CoM displacement on a computer screen while standing on a force platform.

Their task is to trace, by shifting their CoM, a curve flowing either in horizontal direction



(regulation of CoM movement in Y-axis) or vertical direction (regulation of CoM movement
in X-axis). The deviation of an instant CoP position from the curve is recorded at 100 Hz by
means of the FITRO Sway Check system (FiTRONiC, SVK). In the second test, subjects have

to hit the target randomly appearing in one of the corners of the screen by a horizontal CoM
shift in the appropriate direction while standing on a spring-supported platform equipped with
a computer-based system used for feedback monitoring of the CoM movement. The system
registers the time, distance, and velocity of the CoP trajectory between the appearance of the
stimulus and its being hit by a horizontal CoM shift.

The analysis of repeated measurements showed test-retest correlation coefficients and
measurement errors of 0.81 and 8.8% for a visually-guided CoM target-matching task and
0.83 and 7.0% for a visually-guided CoM tracking task (Zemkova, Hamar, 2010).


http://www.fitronic.sk/

Figure 4 Visually-guided CoM tracking task using the FITRO Sway Check system

Figure 5 Visually-guided CoM target-matching task using the FITRO Sway Check system

Load release balance test

Subjects stand barefoot on a force platform with their arms hold horizontally forward,
a shoulder width apart (Figure 6). They are required to hold a bar in their hands with a 2 kg
load fixed to the bar. A signal from the computer triggers a random release of the load over a
5 second period following the initiation of the test, thus the subject receives no cues as to
when the perturbation would occur. The release of the load produces a sudden change in the
external forces acting on the subject, leading to a small anterior and then a larger posterior
displacement of the subject’s CoP. The perturbation after the load fall causes only a postural

sway response, i.e. the subject do not need to take a step to maintain balance. The perturbation



is quantified by the maximal anterior and posterior displacement, within one second after the
load drop. The recording ends 2-3 seconds after the load-drop.

A series of three trials are conducted in random order under varied conditions: (a)
bipedal stance on a force platform with eyes open, (b) bipedal stance on a force platform with
eyes closed, (c) bipedal stance on a foam surface placed on a force platform with eyes open,
and (d) bipedal stance on a foam surface placed on a force platform with eyes closed. The best
result of each of the three trials is selected for evaluation. Peak anterior displacement of the
subject’s CoP, the time to peak anterior displacement of the subject’s CoP, peak posterior
displacement of the subject’s CoP, the time to peak posterior displacement of the subject’s
CoP, total anterior to posterior displacement of the subject’s CoP, and the time from peak
anterior to peak posterior displacement of the subject’s CoP, are registered by using the
FITRO Sway Check system, completed with a special program for Load Release Balance Test
(FITRONIC, SVK) (Figure 7). The force platform data are sampled at a frequency of 100 Hz.

Previous study identified that test-retest reliability of parameters of the load release
balance test was good to excellent, with high values of ICC (0.78-0.92) and low SEM (7.1%-
10.7%) (Zemkova et al., 2016a). The area under the ROC curve >0.80 for these variables
indicates good discriminatory accuracy.

Figure 6 Load release balance test using the FiTRO Sway Check system completed with a
special program for Load Release Balance Test
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Figure 7 An example of results

Utilizing techniques based on motion analysis or accelerometry recordings while
evaluating head, limb and trunk movements could provide additional data for a more
complete diagnostics. The use of trunk accelerometry has been recently introduced as a cost-
effective and easily applied solution for measuring human movement (balance, gait, chair
rising, etc.). Lamoth et al. (2009) suggest that a combination of stochastic dynamics with
accelerometry may allow the quantification of the time-varying structure of postural sway
pattern. Additionally, Whitney et al. (2011) reported that accelerometry is a valid quantitative
measure of postural sway which is more strongly related to task-based measures.
Accelerometry measurements correlated well with the CoP during Sensory Organization Test
conditions. The ACC measures identified a moderate to good test-retest reliability (ranging
from 0.63 to 0.80), comparable to those using the CoP, with the normalized path length of the
ACC and CoP displaying the best reliability. Similarly, Kamen et al. (1998) reported the
intraclass correlation coefficient >0.75 for standing balance tasks using an accelerometer. The
low frequency response of the accelerometer should be 0.1 Hz. Sensitivity on the order of
0.001G’s is required to differentiate between eyes-open and eyes-closed conditions (Moe-
Nilssen, Helbostad, 2002; O’Sullivan et al., 2009). With the advent of fast wireless
technology and low-cost accelerometers, their use for field-testing of balance is now feasible.
However, although trunk accelerometry is a sensitive measure of postural abnormalities in
patients with untreated Parkinson’s disease for example (Mancini et al., 2011), this still
requires verification in patients with other diseases.
Conclusions
The present study provided an overview of tests designed for the assessment of balance under
a variety of conditions. Platform posturography can bridge the gap from balance research to
clinical practice. This requires linking the postural parameters with the underlying
neurophysiology and identifying those that are able to distinguish various levels of balance

capabilities. We believe that proposed tests could be implemented in the functional



assessment of patients with certain diseases and after injuries as a complement to existing

testing methods.
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