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Balance - Definition

Human being has the natural ability to stand on two feet and to
move on the two feet across an unfamiliar terrain. Still, this
constitutes a great challenge for the balance control system,
since 2/3 of the human body weight is located at the 2/3 of the
body height, which makes the whole system rather unstable [1].
Maintaining balance is a complex process, in which keeping
up a position is adjusted by the setting of posture, making it
possible to perform any move and to respond to external disruptions [2].
According to the accepted differentiation, the balance constitutes of two components, that is of static and dynamic balance. The static balance is a specific status of the postural
system, which in statics is referred to as the constant fulcrum
of a body, conditioned by genetic and environmental factors.
While dynamic balance is defined as the ability of a human
body to maintain balance in the situation of the fulcrum being
changed [3, 4, 5, 6].
Maintaining the balance of human represents a very precise
neuromuscular coordination [7]. Bernstein, speaking of the
process of maintaining balance, delegated to the human anatomical structures specific levels of locomotor and coordination
actions. Alternatively, Bober and Zawadzki [8] proposed, that
for maintaining of the upright posture and for the reflex muscle
tension is responsible red nucleus and spinal cord. Błaszczyk
[9] defined the balance as a certain condition of the postural
system. The condition is characterized by the vertical orientation of the human body, achieved by balancing the forces and
torques of forces. The balance is provided by the nervous system through the reflexive tensioning of the respective groups
of muscles, called antigravitational muscles.
Błaszczyk [9], similarly to Winter and Eng [1], believes that
the management of balance is based on the three inlet systems,
controlling different levels of the nervous system. To maintain
balance in standing position, there are involved three systems.
First system, the sight, is responsible for planning of human
locomotion and allows to see obstacles when moving. Second,
the vestibular system, analyzes linear and angular acceleration, and is responsible for the spatial orientation of a human
body [1]. This system is based on the vestibular nerve, which
goes to the bridge, where there is the vestibular nucleus. From
the vestibular nucleus impulses are being transmitted to the
spinal cord, the cerebellum and cerebral cortex, where there
are the cortical centers in the area of the superior temporal
gyrus, mesocortex and parietal lobe. By means of reflexes
there occurs tensioning of the specific groups of muscles [1,2,
3, 4, 5, 7, 8].
Both of the above listed systems – the sight and the vestibular
system – are local systems, monitoring the spatial position of
the head. The third, and the most complex is the sensory system (composed of proprioceptors and mechanoreceptors),
which allows all parts of the human body to interact with each
other and with the environment, and informs the brain about
the mutual position and the actual movement of the individual
parts of the human body. The signals are transferred from the
muscles, tendons, joints and skin receptors. Skin receptors, i.e.
mechanoreceptors are stimulated by the movement and by the
interaction of the human body with the environment [1]. Bar-

www.fizjoterapiapolska.pl

39

nr 1 /201 7 (1 7)

ros de Oliveire et al. [10] achieving the balance interpret as
the sum of the central nervous system stimuli, the senses
(sense of touch, sight, balance), biomechanical limitations,
cognitive processes, perception of verticality and the strategy
of movement. According to the French neurophysiologist
Massion [11] postural system uses two systems of reference,
and creates in the central nervous system a diagram of the body. In the first system of reference, central representation of
the body is created on the basis of signals from the muscles,
tendons, joints and skin receptors. The second, external reference system, is being built by the information received by the
sight and thanks to the gravitational field impact.
The research by Meyer et al. [12] shows that the plantar sensitivity of foot is one of the main moderators for maintaining
the correct body posture, in the conditions where the sight receptors are excluded. The information provided from the
plantar foot surface, allow to continuously adjust the body
position, relative to the environment [13]. In the process of
maintaining the balance, essential factors are also flexibility of
soft tissues and foot mechanics. In elderly people, the lack of
compensation in the process of maintaining the balance is the
result of a loss of skin elasticity, as well as the foot mechanics
[14].
In terms of biomechanics the balance is defined as the ability
to maintain the center of gravity of the human body above the
supporting plane [15].
Center of Gravity (global center of mass) is the point, at
which there is applied the resultant of forces reacting to gravity 1. Illustratively, it is assumed that the COG is located between the first and the fifth sacral vertebrae, and between the
pubic symphysis and sacrum. Such positioning is based on the
assumption, that the human body is symmetrical in frontal and
sagittal planes, immobile structure. In reality, establishing the
exact COG position is very difficult, due to the continuous
movement of a human body. Because of this difficulty, commonly used and analyzed in the research determinant of movements of the human body movement is the vertical
projection of the center of gravity on the support plane (COP Center of Foot Pressure) [16]. From the biomechanical point
of view, the safe limit for maintaining vertical position, the limit of stability, is not provided by the feet support plane. Even
in the most physically fit person, the outline of the feet does
not provide the safe limit of stability. In fact, around the feet
there is an additional safety margin [4].
In the standing, upright position, the COP is located 5 cm in
front of the side bones of the ankle joints. This means, that the
axis of rotation of the solid structure, which the human body
hypothetically is, does not coincide with the COP, which results in the continuous work of the muscles, in order to prevent falls forward or sideways [16].
In the correct, undistorted standing position, the estimated value of movements in the forward, backward and sideways directions equals 20mm, with the change of directions
frequency of 2 5 Hz. Examinations, which rely on recording
the magnitude of imbalances, drafting their area, speed and
frequency of changes in the position of the COP are being
called either stabilographic or posturographic examinations
[8].
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In the ontogenetic development, human standing position is
being shaped under certain conditions. Massion [11] has identified four of its main aspects:
- patterns of behavior resulting from genetic predispositions
allow to achieve the vertical alignment of the body,
- head with its sight and vestibular system, as the element
launching the creation of the spatial orientation of a human
body,
- head stabilization, which occurs early, is a reference point in
relation to the gravity,
- development of the posture control aims to stabilize the human body in the gravity field of Earth, and to enable interaction with the environment. The final stage of the development
of posture is the ability to position the body parts and their
masses in such relation to each other, that the global center of
mass is positioned within the plane of the feet placed on the
ground.

Postural Stability

One of the most important determinants of the correct body
posture is the postural stability (stability of posture). Postural
stability is a wider concept and denotes the ability to recover
the balance [9]. The control parameter for the postural stability is the spatial position of the global center of mass of a human body. The precondition for the postural stability is the
continuous adjustment through the balance control system.
The aim of the system is to prevent falls. Postural stability can
be maintained as the result of application of one of the three
types of response strategy to movements of the center of gravity of a human body. There are two strategies, which do not
include the change of feet position, which means, that the feet
support plane does not change either. These are the ankle joint
strategy and the hip joint strategy.
In the ankle joint strategy, hypothetically the human body behaves like an inverted pendulum. The axis of rotation of the
pendulum are the ankle joints. A small loss of stability in the
forward direction causes a cascade of the reflexive reaction of
muscles, from distal to proximal parts, in order to restore the
proper position of the body.
The hip joint strategy is used when a person is on a narrow or
unstable ground, and the global center of mass swings of
a human body are significant.
In the event, that there is the necessity for greater correction
of the global center of mass of a human body, quicker and
broader reaction is required. The muscular system responds
with the tension of the popliteus muscles and the lower back
muscles. The third strategy to maintain the postural stability is
the strategy of step, which means enlargement of the feet support plane, this is necessary when there is a risk of falling
down [17, 18].

Maintaining Balance Versus Postural Stability in Patients
After Stroke

Stroke, according to the definition of the WHO (World Health
Organization) is a clinical syndrome, characterized by a sudden onset of focal, and sometimes also general dysfunction of
brain, the symptoms of which persist for more than 24 hours
or lead to death, and have no other reason than vascular disorder.
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In Poland, the stroke comes third as the cause of death, after
cardiovascular diseases and cancer. The prevalence of this
disease among men amounts to 1 75/1 00 000 persons, and
among women to 1 25/1 00 000 persons [1 8]. According to
research by Mossakowska et al. [1 9] in the group of persons
older than 65, 7.8% have undergone a stroke, without
specifying its kind. The prevalence of strokes increases with
age. In persons between 80 and 89 years of age it is 11 .6%.
In studies involving the population of Poland, no significant
differences between genders were found. According to the
available data, prevalence of stroke in patients over 65 years
of age does not dependent on demographic factors.
There are however discrepancies related to geographic
location. Lower incidence rate shows the population in
Central Europe and white North Americans, higher Japanese, Finns and the Scots [20].
Stroke is one of the most common causes of early disability
and worsens the quality of human life. In the first week after
a stroke only around 1 2% of the patients are independent in
the basic activities of daily living (ADL- activities of daily
living.), such as: eating, personal care and mobility.
Considering time after a stroke, the following phases may be
defined:
- risk, acute phase (0-24 hours after a stroke),
- early therapeutic intervention phase (24 hours to 3 months
after a stroke),
- late therapeutic intervention phase (3 to 6 months after
a stroke),
- chronic phase, long-lasting (more than 6 months after
a stroke).
In the chronic phase from 25% up to 74% of patients have
problems with the simple activities of daily living [21 , 22].
Majority of the patients are not able to stand up, cannot
perform the small movements necessary to maintain balance
and they asymmetrically distribute weight between their feet.
Hemiplegia, resulting among others in: weakening of muscle
strength and loss of mobility in one half of the body, can
reduce the patient’s postural stability limit [23], which in
turn increases the risk of falling down, ranging in the chronic
phase between 23% and 50% [24, 25]. This is associated
with the increased energy expenditure during the ADL and
social problems, such as: interpersonal communication,
taking care of the official affairs, acquiring a job [23]. The
most frequent psychophysical damages after a stroke include
hemiparesis symptoms in mobility and hemiparetic
blindness. This applies to some 70-80% of patients after
a stroke, who became disabled due to hemiplegia. For the
left cerebral hemisphere strokes, typical is speech disorder or
aphasia, and for the right side ones it is the disorder of
spatial representation. The vertebrobasilar disorders have
their consequences in the both sides disorders in mobility
and feeling, lack of coordination of movements or ataxia,
decline in the field of vision, double vision, dysphagia,
cranial nerves and anterior corticospinal tract damages [1 9,
26, 27). Severe consequence of a stroke is also the
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impairment of functions controlling behavior. Derangement
of cognitive functions results in a reduced ability for the independent existence, family functions, maintaining social and
professional activities, performing activities of daily living
[28].
In patients after a stroke also changes the ability to read and
analyze the signals required to maintain the postural stability.
Difficulties in maintaining and recovering the balance are
associated with the various problems arising in patients with
hemiplegia, i.e.: change in muscle tension, range of mobility
in joints, muscle strength, coordination of movements, sensory and cognitive organization. The adoption of a standing
position, and keeping at it, is one of the functions, which the
patient after a stroke may not be able to perform. The ability
to stand freely, with the weight evenly distributed to both
feet, is an essential basis for the more complex motor activities, such as: walking, position change, maintaining and recovering balance.
One of the elements affecting the postural stability while
standing are the feet of a person. The distribution of pressure
forces of the plantar side of a foot on the ground changes.
There occurs a disparity of pressure distribution between the
extremity directly affected by partial paralysis and the extremity affected indirectly. When standing, the feet are the only
element of the direct contact of the body with the external
environment. They pass the feedback information to higher
cognitive centers and thus affect the planning of the subsequent motor activities [29, 30, 31 , 32]. Epicritic and protopathic sensibility receptors, which are in large numbers
located on a foot, receive the proprioceptive and exteroceptive sensation stimuli and the musculoskeletal system ensure
the proper functioning of a foot [33].
Both, the ability to control and to maintain balance, are
among the crucial needs of a patient after a stroke. In persons after a stroke, maintaining the balance may not be correct due to disturbances in the communication of information
from the receptors, incorrect interpretation in the central nervous system or the incorrect or lack of the motor response.
Also some problems may occur at various levels of the systems responsible for maintaining the balance. Without the
postural stability control, it is difficult to regain the save and
efficient gait, balance and efficiency of the musculo-sensory
system. This increases the risk of a fall, which in turn increases the economic costs associated with the aftermath of the
fall, and multiplies the social problems. The most common
consequence of a fall is a fracture of the neck of femur, and
this prolongs the process of treatment and rehabilitation [26,
34, 35, 36, 37, 38, 39].
Damages and symptoms occurring in persons after a stroke
may cause posture stability control disorders. Only the continuous, active adjustment of posture through the posture
control system ensures its stability.
Very often in literature there are interchangeably used such
terms as: balance, stability or ability to maintain posture
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[1 6]. The confusion of terms often arises from incorrect
translations, so it is very important to follow the above guidelines and definitions.
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