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ABSTRACT

Posturography is one of the objective methods of evaluating human balance. Human balance is the ability to maintain
a vertical center of mass (COM) in the support area (base of support — BOS). COM in a homogeneous gravitational field
coincides with the center of gravity (COG). The postural control system (PCS) maintains the COG projection in the
support area and counteracts the external forces (gravity and inertia force) that destabilize the posture of the human body.
Minimizing body deflection is controlled by the central nervous system (CNS). External stimuli are received through
visual, atrial, proprioceptive and exteroceptive systems. The information is transmitted to the CNS, which, means of the
feedback system, controls the motion system to minimize the risk of falls. The aim of this work is to present the types
of posturography: static, dynamic, and follow-up posturography, their use in the objective diagnosis of imbalances, as
a tool for rehabilitation and for monitoring the progress of treatment in Parkinson’s disease and patients after stroke.
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STRESZCZENIE

Posturografia jest jedng z obiektywnych metod stuzacych do oceny uktadu réwnowagi cztowieka. Rownowaga czlo-
wieka to zdolno$¢ do utrzymywania pionowego rzutu $rodka masy ciata (center of mass — COM) w polu powierzchni
podparcia (base of support — BOS). COM w jednorodnym polu grawitacyjnym pokrywa si¢ z rzutem $rodka cigzko$ci
ciata (center of gravity — COG). System kontroli postawy (postural control system — PCS) utrzymuje rzut COG w BOS
oraz przeciwdziala sitom zewngtrznym (sile grawitacjii bezwladnosci), ktére wptywaja destabilizujaco na postawe ciata
cztowieka. Minimalizowanie wychwian kontrolowane jest przez osrodkowy uktad nerwowy (central nervous system —
CNYS). Poprzez narzady przedsionkowy i wzroku oraz eksteroreceptory i proprioreceptory odbierane sa bodzce ze-
wnetrzne. Informacje o nich przekazywane sg do CNS, ktdry poprzez reakcje zwrotne steruje uktadem ruchu tak, by
minimalizowa¢ ryzyko upadkéw. Celem pracy jest zaprezentowanie trzech typow badan posturograficznych: statycz-
nego, dynamicznego i nadaznego, a takze przedstawienie zastosowan posturografii do obiektywnej diagnostyki zaburzen
rownowagi oraz jako metody stuzacej do rehabilitacji i monitorowania postepow terapii w chorobie Parkinsona oraz

U 0sob po udarze mozgu.

StOWA KLUCZOWE
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INTRODUCTION

Posturography is one of the objective methods of
evaluating the human balance system (both in healthy
and unhealthy people) [1]. Human balance is the ability
to maintain a vertical projection of the center of mass
(COM) of the body in the base of support (BOS)
surface, which is determined by the contours of the feet
adjacent to the ground [2,3,4]. COM in a uniform
gravitational field coincides with the projection of the
center of gravity (COG) of the body. The vertical
setting of the body axis in relation to BOS allows the
body to maintain an upright position, which is
characteristic for a human being [5,6]. Maintaining
postural stability is associated with the need to
constantly minimise body tilts so that the COG
projection does not move beyond BOS [2,8]. The
postural control system (PCS) maintains the COG
projection in BOS and counteracts external forces
(gravity and inertia) that destabilize the posture of the
human body [9]. Minimizing sways is controlled by the
central nervous system (CNS). The organ of vision, the
vestibular system, exteroceptors and proprioceptors
receive external stimuli [5,7]. Information about the
stimuli is transferred to CNS, which controls the
musculoskeletal system through centrifugal pathways
(mainly by influencing the tension of postural muscles,
especially the calf muscles) to minimize the risk of falls
[8]. The balance can be altered by various, temporary
or permanent factors [10]. The study aims to present
three types of posturographic examinations: static,
dynamic and follow-up posturography, the use of
posturography for the objective diagnosis of balance
disorders and as a method for rehabilitation and
monitoring the progress of therapy in Parkinson’s
disease and people after stroke.

Types of posturographic examinations
Static posturography

Static posturography is a test for which one or two
platforms with dimensions of 50 x 50 ¢cm are used. Its
strain gauges measure the pressure forces and moments
of forces exerted on the ground by the feet of a patient.
In the corners of the platform, there are supports with
sensors that register changes in the position of COG
on the platform. Posturography is usually performed
barefoot and begins with the patient being placed on
the platform. The test is technically easy to perform
and does not require prior patient preparation.
Measurements are taken successively in a standing
position, with eyes open, and then with eyes closed.
This makes it possible to compare the subject’s balance
with and without visual control [11]. The patient’s task
during the basic examination is to maintain a static,
upright position on the platform for a certain period.
The examined person is recommended to focus their
eyes on one point, located at a distance of about 1 meter
[5,12]. Different positions are also used during the
examination, e.g. standing on one leg (left or right),
then the foot of the supporting leg is set so that in the
sagittal plane the center of the heel is in line with the
second metatarsal bone, and the line connecting the
medial and the lateral malleolus of this foot is 4 cm
beyond the intersection of the sagittal and coronal
planes on the posturography platform. The rest of this
test is the same as in the bipedal position. The obtained
results are transferred to the computer, and then the
location of the center of pressure (COP) of the feet is
calculated, which in static positions is identical to the
COG projection on the support plane. As a result,
a statokinesiogram is obtained, i.e. a graph of COP
swings (Figure 1) [5,12].
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Fig. 1. Example of recording of the center of pressure (COP)
movements registered on tensometric platform (authors’ source).
Ryc. 1. Przyktadowy zapis przemieszczen $rodka nacisku stop
(COP) zarejestrowany na platformie tensometrycznej (materiat
wiasny).

6,000

The parameters of the statokinesiogram, i.e. a graphical
representation of the foot COP sways, which are taken
into account when interpreting the obtained results are:
Curve length — the length of the path travelled by
COG

Range of swings — is determined in the sagittal and
frontal planes, the measure of swing ranges is the
difference between the extreme deviations of COG
along the corresponding axis

Area of the developed statokinesiogram — a com-
puter-calculated area of the polygon obtained by
connecting the extreme points of the statokine-
siogram

Radius — calculated by enclosing the sway points in
a circle or ellipse

Average velocity — calculated based on the COG
travel time (Figure 2) [5].
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Fig. 2. Averaged recording of changes in the center of pressure (COP) position during free stand with open eyes (authors’ source).
AP - anterior-posterior plane (sagittal); ML — medial-lateral plane (frontal).

Ryc. 2. Usredniony zapis zmian potozenia $rodka nacisku stop (COP) podczas proby swobodnego stania obunéz z oczami otwartymi
(materiat wtasny). AP — ptaszczyzna przednio-tylna (strzatkowa); ML — ptaszczyzna przy$rodkowo-boczna (czotowa).

The following analytical methods are used to analyze

statokinesiogram data:

1. Percentage determination of the amount of COG
presence time in each of the quadrants of the
coordinate system formed by the sagittal and frontal
planes, thanks to which it is possible to determine
the load distribution of the lower limbs and
determine the patient’s natural posture.

. The Fast Fourier Transformation (FFT) method,
which is used to determine the frequency of COG
movement specific to a given person [5].

Dynamic posturography
Dynamic  posturography allows the  precise

determination of balance problems. An important
element that distinguishes this test from a standard
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static test is forcing the examined person to react

under the influence of a sudden movement of

the platform or other stimulus that destabilizes the

patient’s body [5].

Several types of tests are used in this examination:

1. Motor Control Test (MCT) — assesses the patient’s
ability to quickly and automatically regain a stable
posture after an unexpected external provocation,
destabilizing the static position. Destabilization is
achieved by changing the COP position performed
by the subject (e.g. in an attempt to tilt the body as
far forward or backward as possible; Figure 3A and
3B) or through a sequence of small, medium and
large forward and backward shifts of the platform
that cause an immediate postural response. The
measurements include time, force, and lateral
symmetry of the response [5,13].
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Fig. 3. Averaged recording of changes in the center of pressure (COP) position during free deflection (A) forward and (B) backwards with open eyes
(authors’ source). AP — anterior-posterior plane (sagittal); ML — medial-lateral plane (frontal).

Ryc. 3. Usredniony zapis zmian potozenia $rodka nacisku stop (COP) podczas proby swobodnego wychylenia w przéd (A) i w tyt (B) z oczami
otwartymi (materiat wiasny). AP — ptaszczyzna przednio-tylna (strzatkowa); ML — ptaszczyzna przysrodkowo-boczna (czotowa).

2. The Sensory Organization Test (SOT) consists of 6  The test is used to determine the patient’s ability to:

different tests with a gradual increase in difficulty: ~ — effectively use information from the eyes,
1) Eyes open, stable ground and visual reference vestibular system and proprioceptors
point. — suppress information that is inappropriate at the
2) Eyes closed, stable ground. moment. For example, the information obtained
3) Eyes open, stable ground, movement of visual from the proprioceptors about the angular position
reference point. of the ankle joint is distorted when the ground is
4) Eyes open, ground movement, stable visual swaying in the sagittal plane. Closing the eyes or
reference. changing the position of the reference point hinders
5) Eyes closed, ground movement. the feedback process in maintaining balance.
6) Eyes open, ground movement and visual  The manipulation of sensory information is used to test
reference point movement [6]. a person’s ability to adapt to changing conditions in the
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environment and to maintain postural control. This

testis also employed to assess the risk of falls in

patients [5].

3. The Adaptation Test (ADT) evaluates the patient’s
ability to modify equivalent reactions and the ability
to minimize body sway when the ground moves,
unpredictably tilting the patient diagonally down or
up. The force of the platform movement must be
estimated so that it can cause postural instability in
a given patient. This test is a simulation of
conditions occurring in everyday life, such as
moving on irregular surfaces [14,15].

Dynamic posturography is a test that utilises modern
technological possibilities to obtain the best conditions
for examination and therapy. During the
posturographic examination, the following can be
additionally used: virtual reality (created by computer
software), multi-channel sound, glasses with integrated
screens (head-mounted display — HMD) and the
patient’s sense of acceleration and movement transfer.
Additional elements that evoke visual stimuli make it
possible to induce balance disorders in a person
participating in the test through not always true
information about the vertical, or for example, by
provoking nystagmus as a result of optokinetic
stimulation. They also make it possible to induce
postural reactions — the examined person tries to
counteract the induced disorders by controlling muscle
tension [5,16,17,18].

When standing on the posturographic platform, the

patient can control the movements of the body in

a computer game, during for example, skateboarding,

skiing or performing other activities. The muscles

responsible for maintaining body posture are
strengthened. A positive effect on the functions of the
balance and deep sensation systems is observed. The
results obtained in the game, the element of
competition and changing, e.g. images on the monitor
screen, are additional elements thanks to which the
patient approaches the task with greater motivation
and enthusiasm. This form of training has many
advantages, including the fact that the risk of the
patient falling and the risk of injury associated with
falls are largely eliminated [19,20].

Follow-up posturography

Follow-up posturography is based on visual feedback.
The patient observes the current position of COP on the
monitor and directs its position so that his point is as
close as possible to the moving directional point. The
examined person performs the above-mentioned task
by appropriately moving the body under the control of
their eyesight.

At the beginning of the examination, the average
position of the COP point in the patient in a standing
position is determined, thanks to which it is possible to
properly dose the moving directional point and
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compare it with the COP point obtained during the main

part of the examination. Then the subject makes

amaximum forward and backwards lean, without

taking their feet off the platform. On this basis, the

possible range of movement of the directional point in

the sagittal plane is selected. It was assumed that

precise movement reflecting the direction point

requires 66% of the maximum body tilt. On the other

hand, the range of body movement in the frontal plane

requires the transfer of 2/3 of the body weight to the left

or right lower limb.

In the proper follow-up posturography test, we

distinguish several stages:

e Initial stage (unregistered) — transition from the
resting position to the maximum tilt to the right

e Second stage (recorded) — movement of the tested
COG with the direction point, which makes
a clockwise circle (30 seconds)

¢ Intermediate stage — the patient’s maximum tilt to
the left and the change of the tilt direction to the
anti-clockwise direction

e The last stage — movement as in the second stage
with the opposite direction of movement.

The parameter of maximum tilt in the sagittal axis

measured in this examination can be used to diagnose

balance disorders [21].

The use of posturographic examinations in selected
neurological diseases

Patients with Parkinson’s disease

In Parkinson’s disease, balance disorders are not the
most specific symptom, but they play an important role
in the course of this disease. They occur in 96% of
patients and affect the functioning of patients in
everyday life; they are also the main cause of disability.
Posturography makes it possible to determine the
degree of their severity at an early stage of the disease,
and at the same time to indicate which of the balance
control systems is the cause of the problem and what
effect the drugs taken by the patient have on
maintaining balance [22,23].

Posturography in a patient with Parkinson’s disease is
utilised to objectively quantify postural instability.
Studies conducted by Zawadka et al. [24] showed that
the above-mentioned patients exhibit a significant
deterioration in stabilogram parameters compared to
healthy people in a similar age range and that the length
of the stabilogram in the frontal plane is a sensitive
indicator of postural instability in the elderly
population.

The advantage of posturography is to obtain objective,
repeatable results. It has been employed, e.g. for the
assessment of deep brain stimulation (DBS) using high
frequency in patients with advanced Parkinson’s
disease. DBS was a supplement to pharmacotherapy.
Posturography enabled an objective comparison of this
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method of treatment and its impact on balance disorders
and body posture reactions of patients during the use of
DBS and when DBS was stopped [25].

Posturography combined with modern technological
possibilities, such as game consoles, are used to
rehabilitate  patients with Parkinson’s disease.
Innovative solutions make it possible to increase the
attractiveness of training by adjusting the degree of
difficulty and arousing the patient's interest, e.g. by
including their own movements in the virtual
environment [26]. These games utilise visual feedback,
which gives good rehabilitation effects in patients with
Parkinson’s disease [23].

Posturography is also employed to compare the effects
of balance training by means of visual feedback with
those of conventional balance training. Posturographic
balance analysis using a feedback platform enables
postural assessment in quantitative terms and allows
a detailed study from the dynamic side. The results
obtained from the feedback training of balance in
patients with Parkinson’s disease have shown that
computer-assisted exercises can be at least as effective
as standard treatment. Such training can be a good
alternative to individual exercises with the patient; it
also allows the rehabilitation process to be conducted
at home [26].

A posturographic examination can be additionally
combined with an electroencephalographic (EEG)
examination in order to determine how the
improvement in body balance affects the activity of the
cerebral cortex during a given examination [26]. To
determine the location of the source of brain activity,
the results obtained from the EEG examination are
combined with the recorded results from magnetic
resonance imaging [27].

Patients after stroke

Stroke patients present with a variety of clinical
symptoms, including paresis, muscle tone disorders,
superficial and deep sensation disorders, cognitive
disorders, vegetative system disorders, emotional
disorders, speech disorders, amblyopia and loss of
sight [28].

Disorders resulting from a stroke lead to various
degrees of disability, a frequent consequence of which
is locomotion impairment. Disturbed body posture
control is considered to be the main problem of this
group of patients, and the consequence of this disorder
is the occurrence of frequent falls. Improving body
balance is an important element when working with
a patient because good control of body posture is
a condition for effective and safe movement [29].
Posturography as an objective test is used to assess the
effectiveness of rehabilitation by utilising the method
of proprioceptive neuromuscular facilitation (PNF) of
patients after a stroke. This examination allows

assessment of the patient’s reactions, especially
reactions to correcting body posture and maintaining
balance [30].

The posturographic examination is employed to
compare and analyze stabilogram parameters in healthy
people and in people after a stroke before and after
exercises to improve balance, and it is also used to
assess the eye-hand coordination factor [31].
Posturography in the Tetrax device (tetra-ataxiometric
posturography) in stroke patients is employed as
a research tool and as a training method. The obtained
results allow the analysis of, among others, the fall rate,
body weight distribution index and stability index.
It allows conclusions to be drawn about imbalances.
The parameters measured with the Tetrax device allow
an objective assessment and comparison of balance
training using the Tetrax training program and
a training program utilising virtual reality. Based on the
analysis, it was confirmed that Tetrax as a training
program is a good alternative for patients with
proprioceptive disorders, while a program using virtual
reality can be employed to improve the balance of
people with preserved sensory functions [32,33].
Posturography also allows monitoring of the effects of
neurodevelopmental treatment Bobath (NDT Bobath).
The main assumption of this method in patients after
stroke is the correct distribution of body weight during
the first 12 months after the onset of the disease [34].
Movement impairment after a stroke often leads to an
increased risk of falls, especially when changing the
body position in space, for example from sitting to
standing. The causes of this disorder are: low muscle
strength, poor postural control and poor perception of
sensory stimuli. Many tests assess the degree of
disorders occurring after a stroke: the muscle
endurance test, sit-stand-sit test, equivalent static and
dynamic tests, or the Berg Balance Scale. Sometimes
the tasks that the patient must perform during the
above-mentioned examinations exceed the patient’s
capabilities, and the correct assessment of balance and
other parameters is impossible or unreliable. Therefore,
a new system for evaluating the control of the patient’s
body posture was created [30,35]. This system, called
the multi-utility balance assessment and training
system (MUBATS), utilises a special device that allows
patients to safely perform the squat-stand test thanks to
a special sliding platform. This method allows the
symmetry and balance of the patient to be maintained,
therefore, it can be used even in the early stages of the
disease, which is not possible with other tests. For
a more accurate assessment, this method can be
combined with a posturographic examination and
during the squat-stand test, the following parameters
can be obtained: COP, average sway, path length,
surface, maximum sway, and speed of movement.
These parameters are calculated automatically by the
computer [35].
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The MUBATS scoring system is helpful for stroke
patients who are unable to perform the sit-stand-sit test.
Thanks to the special apparatus used for the test, the
patient has full stability during the test. The direction of
the acting forces and coordination of the hip and knee
joints during the sit-stand-sit test and the squat-stand
test are practically the same; thus, the posturographic
examination used during the squat-stand test to some
extent reflects the real control of the body position [35].

CONCLUSIONS

Posturography can be utilised in patients with
neurological disorders in a conventional way as
a diagnostic method as well as for therapeutic purposes
using modern technologies.

Posturography is an objective diagnostic tool that also
allows assessment of the effectiveness of treatment
(pharmacological and non-pharmacological); more-
over, in combination with various technologies, it can
be employed as a method of kinesiotherapy.

Balance disorders, and consequently falls and injuries,
are important elements that lead patients to limit their
independence in everyday life, and consequently, to
develop a progressive disability, forcing the use of
orthopaedic equipment, including elbow crutches,
walkers, and wheelchairs, to partially replace lost gait
functions. Thanks to numerous advantages, perhaps
posturography will become an increasingly more used
method, allowing safe and effective diagnosis and then
rehabilitation of people with neurological and
musculoskeletal disorders, due to eliminating the risk
of falls and injuries during its use and the attractiveness
of exercises.
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