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Abstract—This review is the second part of the critical analysis of recent papers of Russian and other authors
devoted to the study of the stabilometric parameters in postural control biofeedback training and rehabilita-
tion, associated with psychological functions. The review presents the studies of postural control features in
chronic pain syndrome, chronic fatigue syndrome, Parkinson’s disease, multiple sclerosis, and depression.
The leading role of Russian researchers in the development and application of stabilometric biofeedback in
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adigm of stabilometric biofeedback  training of the cognitive and affective functions is offered.
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The key mechanism of postural control as one of
the most common examples of sensorimotor integra-
tion is adaptive feedback [1, 2]. Hence it follows that
the disruption of the connections between the percep-
tion  and the processing of information  during the
execution of motor or cognitive tasks, causes disorders
of central genesis. This determines the fundamental
significance of studying the interrelationship between
the impairments of perception (vestibular, visual, pro-
prioceptive and support afferentation) and CNS (cog-
nitive and affective functions) of postural control pro-
cesses. In the past 30 years the study of this relation-
ship has gained new relevance due to the development
of informative technologies presupposing the use of
more and more electronic gadgets in everyday life,
which leads to a reduction in physical activity and
changes in the pattern of cognitive activity [3]. In
addition to the negative consequences of sedentary
lifestyle, long-term sitting position or weakened sup-
port afferentation per se impairs not only physical
musculoskeletal [4, 5], cardio-respiratory and vegeta-
tive [6], but also cognitive [7–9] and psychoemotional
functions [10–12]. At the same time, if we take into
account the negative effects of high-frequency electro-
magnetic waves caused by electronic devices and gad-
gets [8, 9], which are also associated with cognitive
and psychoemotional disorders and even with the
appearance of depressive symptoms as early as in the
childhood and adolescence [13], the study of tech-

niques for correcting impaired postural control as a
result of weakened support afferentation in sedentary
lifestyle becomes particularly important [4]. In addi-
tion, the relevance of studying the interrelationship
between stabilometric and psychological parameters is
due to the fact that balance training and posture con-
trol can be highly effective for elderly people, the rela-
tive number of which has been steadily increasing over
the past 20 years, and the problem acquires global sig-
nificance [14–81]. Finally, in the recent two years of
the COVID-19 pandemic, a new need has arisen to
investigate the interrelationship between impaired
postural control (as a result of sedentary lifestyle),
being a consequence of isolation and a complication of
neurochemical processes in the brain after coronavirus
infection [19, 20].

It is known that one of the most efficient
approaches to neurophysiological nonmanipulative
rehabilitation of impaired regulatory processes is to
use the biofeedback technology as learning to recog-
nize the state of optimal functioning [21]. Stabilomet-
ric biofeedback (BFB) presupposes postural control
training with the involvement of feedback from the
parameters of the center of pressure deviations
(CoPD). We assume that stabilometric BFB will favor
the correction and rehabilitation of not only biome-
chanical functions of equilibrium but also the cogni-
tive and affective functions associated with impaired
271
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sensorimotor integration. However, the problems of
using the objectively measured stabilometric charac-
teristics of sensorimotor integration as BFB aimed at
overcoming psychoemotional disorders and cognitive
deficit have not yet been sufficiently investigated.

The present article continues the review of research
into the psychophysiological mechanisms of postural
control. The second part of this review presents the
published data on the relationship between the
impairments of postural stability and the disorders of
psychological functions in chronic pain syndrome
(such as fibromyalgia), chronic fatigue syndrome,
multiple sclerosis, depressive states and disorders of
cognitive functions. The review includes the currently
known data on the efficiency of using stabilometric
BFB aimed at the correction of neurological disorders
and affecting psychoemotional functions.

Literature on the impact of impaired postural func-
tions rehabilitation, as well as influence of postural
control training with stabilometric biofeedback, on
psychological characteristics was searched for by the
following keywords: “postural control,” “stabilome-
try,” “sensorimotor integration,” “afferentation,” in
combination with the words “cognitive functions,”
“memory,” “attention,” “anxiety,” “depression,”
“biofeedback,” “training,” and “rehabilitation.”

A literature search was conducted according to the
recommendations of “Preferred Reporting Items for
Systematic Reviews and Meta-Analyses” PRISMA
and relied on the literature search described in the
RELISH (RElevant LIterature SearcH) consensus
[22]. The following databases were used: Web of Sci-
ence, PubMed, Scopus and RSCI (to report on the
results of Russian studies). The present review
includes the results published in the articles with DOI
(digital object identifier), completely corresponding to
the keywords (Table 1). The review does not include
the results of studies without psychological measure-
ments or investigating individual cases without the
control, as well as those published as abstracts only.

Psychophysiological Mechanisms 
of Postural Control Impairment

One of the methodological techniques used in the
framework of cognitive neurosciences to study psy-
chophysiological mechanisms is to compare the pos-
tural control variables under the normal conditions
and their values in patients with CNS disorders [23–
26] or dysfunction of sensory inputs [27], as well as
with the borderline mental [28], phobic [29], anxiety
and depressive disorders [30, 31].

Chronic pain syndrome and chronic fatigue syn-
drome. Chronic pain syndrome and chronic fatigue
syndrome are overlapping and can influence disease
etiology by involving the same regulatory mechanisms
in CNS [32, 33]. This may have an effect on the cen-
tral mechanisms, because motor learning requires the
maintenance and renewal of internal psychomotor
models [34]. Pain and fatigue perception can interfere
with postural control. For example, the problems with
maintaining balance have been found in patients with
fibromyalgia and/or chronic fatigue syndrome [35,
36]. In patients suffering from chronic pain and
fatigue, cognitive problems are combined with pos-
tural deficits [35–37]. Such patients often complain
that they have to make more efforts to perform the
common cognitive tasks [38, 39]. The possible conse-
quences of chronic pain and fatigue with respect to
motor functions are often underestimated but must be
taken into consideration. In particular, E. Peper et al.
and W.C. Tsai et al. have noted that the maintenance
of correct upright posture with the support on the feet
is associated not only with reduction of painful sensa-
tions in the neck, shoulders and back, but also with
mood improvement, confidence, greater strength
compared to the hunched sitting posture, which is
associated, in addition to painful and unpleasant
bodily sensations, with depressive state and negative
emotions [40, 41].

In the work of O. Rasouli et al., the effects of add-
ing cognitive task performance to the maintenance of
the upright posture were compared in the groups of
patients with chronic fatigue and fibromyalgia, as well
as in the healthy participants group [42]. In patients,
the frequency of CoPD proved to be lower compared
to the control, demonstrating predominance of the
involuntary component of postural control. While
performing a competing cognitive task, the patients
showed worse postural control parameters compared
to healthy persons: the higher amplitudes and the
lower frequencies of CoPD. At the same time, the dif-
ferences in stabilometric parameters in the chronic
fatigue compared to the control group were more
marked [42]. The fact that the present study has
revealed correlations between fatigue and postural
control, but not pain, suggests the predominance of
psychological but not reflex mechanism of impaired
postural control in the chronic fatigue syndrome.

Attention deficit. Attention is an important factor in
adequate motor commands organization, in particu-
lar, while maintaining balance [43]. This fact is con-
firmed by the proven deterioration of postural control
in children with attention deficit [44]. The role of vol-
untary attention in postural control is studied using
the “separated attention” models with the addition of
a competing cognitive task, e.g., conversation while
walking [45]. It would be logical to assume that the
addition of a cognitive task while maintaining the
upright posture will enhance the load of information
processing in the CNS [46] and thereby reduce the
ability to control balance. Such effect has been
demonstrated in the study of elderly people with the
increased risk of falling (the increase in the area of
CoPD while performing a competing cognitive task)
[47]. The increase in energy demand for simultaneous
dual (motor + cognitive) tasks performance demon-
HUMAN PHYSIOLOGY  Vol. 48  No. 3  2022
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strates that walking or maintaining postural stability
requires the involvement of considerable cognitive
resources in healthy elderly people [48] and/or in case
of mental disorders with the early Alzheimer’s disease
[49]. In the meantime, B. Kerr et al. [50] have estab-
lished that postural control is impaired only when
solving a spatial task but not a working memory task.
These results suggest that the cognitive processing of
precisely spatial tasks depends on the neuronal mech-
anisms of the vestibular but not on the nonspecific
cortical activation in postural control [50]. The results
of our study in patients with major depressive disorder
[31] also showed that performance of a dual postural–
psychomotor task not associated with spatial imagina-
tion was accompanied by postural control improve-
ment with respect to the parameters of energy
demands for balance maintenance, while in healthy
persons it was unchanged or even reduced in case of
task complication. It can be supposed that, in case of
depression, the attention required to maintain balance
was focused on the process of rumination (“preoccu-
pation with negative thoughts”) instead of postural
control; when performing a simple cognitive task, the
attention was switched over to task performance, while
balance was maintained automatically [31]. We
assume that such attention switching technique can be
useful for balance training in order to overcome
depressive rumination.

Affective disorders. The studies with the involve-
ment of psychiatric patients and patients with the ves-
tibular disorder report the high comorbidity of vestib-
ular dysfunctions and the symptoms of agoraphobia
[51], panic attacks [52], and anxiety [53]. The results
of M.S. Redfern et al. show that patients with anxiety
disorders, especially with the space and motion pho-
bia, are more dependent on visual afferentation while
maintaining balance than in the absence of phobia
[54]. This subgroup of patients can be exposed to the
therapy with the involvement of stabilometric biofeed-
back, which uses visual inputs as a feedback signal.

The studies of the role of vestibular afferentation
make it possible to reveal, at least partially, various
neuronal mechanisms. C.D. Balaban et al. assume
that the area of the parabrachial nucleus receiving
afferent inputs from vestibular receptors contains the
cells that respond to rotation of the body relative to the
force of gravity. The parabrachial nucleus, with its
reciprocal relationships with the central nucleus of the
amygdala, the infralimbic cortex and the hypothala-
mus [53], is an important node in the primary network
that processes the convergent vestibular, somatic and
visceral information in order to mediate avoidance
conditioning, anxiety and conditioned fear responses
[55].

The noradrenergic and serotoninergic projections
of vestibular nuclei also have parallel connections with
the pathways of anxiety. The ceruleovestibular path-
way originates in the locus coeruleus (LC) and pro-
vides regionally specialized noradrenergic input to the
vestibular nuclei, which probably mediates the effects
of alerting and vigilance on the sensitivity of vesti-
bule–motor circuits. Both serotonergic and nonsero-
tonergic pathways from the dorsal raphe nucleus
also project differentially to the vestibular nuclei,
while 5-HT (2A) receptors are expressed in amygda-
loid and cortical targets of the parabrachial nucleus. It
is proposed that the dorsal raphe nucleus pathway
contributes to both the tradeoff between the motor
and sensory (information gathering) aspects of
responses to self-motion and the calibration of sensi-
tivity of affective responses to aversive aspects of
motion [56]. F. Mast et al. believe that the described
neurophysiological model is a synthetic scheme for
studying the neuromorphological and neurochemical
bases of comorbidity of balance and anxiety disorders.
Spatial transformations affect the parietal regions,
body representation is associated with the somatosen-
sory regions, and affective processes involve the insu-
lar and cingulated cortex, each of them receiving a ves-
tibular signal [57]. Under certain circumstances,
visual, vestibular and postural interactions act as a sig-
nal causing fear, similarly to what takes place in
motion sickness, which then may be associated with
particular stimuli or a situation, creating an associa-
tion (e.g., phobia), or without association with any
particular concomitant event (e.g., panic) [58]. Fol-
lowing this rationale, C.M. Coelho and C.D. Balaban
have proposed to consider this subcategory of anxiety
disorders as the one induced by visual-vestibular dis-
orders and fears in the framework of DSM-V diagnos-
tic criteria [59]. In the meantime, in spite of establish-
ing the broad range of various vestibular cortical pro-
jections, their functions have yet been poorly studied.

Depression. The relationship between postural con-
trol and depression deserves special attention, as it was
noted long ago that the major depressive disorder has
a negative effect on the entire organism but not only
on the psyche. Among the most severe manifestations
of depression, there are motor symptoms; neverthe-
less, they are often ignored both in research and in
clinical practice [60]. In spite of the fact that motor
disorders attract much less attention in the assessment
of depression, often they are a self-sufficient factor
independent of affective, cognitive and neurovegeta-
tive components of this disorder [61–63]. The existing
estimates of motor symptoms usually rely on subjec-
tive judgments made by physicians on the basis of
observed or recalled behavior [64, 65]. In some stud-
ies, they begin to use more objective tools such as
Timed Up and Go Test (TUGT) or dual motor-cogni-
tive tasks [66–68].

At present, it is only known about single studies
devoted to the relationship between the severity of
depression and stabilometrically measured postural
impairments [30, 31, 69]. However, such relationship
has its neurobiological basis: postural control, similar
to the regulation of emotional state, depends on the
HUMAN PHYSIOLOGY  Vol. 48  No. 3  2022
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complex mechanisms of sensorimotor regulation
involving the dopaminergic pathways, as well as the
links between the basal ganglia and the prefrontal cor-
tex [70], and the same mechanisms are involved in the
development of major depressive disorder [71]. In
addition, recent studies of the consequences of seden-
tary lifestyle (i.e., the weakened support afferentation)
and isolation under conditions of the COVID-19 pan-
demic demonstrate an increase the number of depres-
sive disorders, probably due to the impaired neuro-
chemical and postural mechanisms of sensorimotor
integration, which complement each other [19, 20].

Parkinson’s disease. Parkinson’s disease is also
characterized by a combination of motor and nonmo-
tor disorders, which affect life quality. Nonmotor
symptoms such as apathy and depression are associ-
ated with locomotion problems, in particular, postural
instability [72]. Apathy and depression have a clear
anatomical link to cerebral structures and are usually
manifested in case of damage to the prefrontal cortical
areas and the cingulate gyrus [73]. The neuroanatom-
ical bases of postural instability in Parkinson’s disease
are less studied. However, all these manifestations
(apathy, depression and postural instability) are
related actually to the same neuronal pathways as
depression. These are the pathways through the basal
ganglia associated with dopamine deficiency. These
manifestations are usually resistant to the L-DOPA
therapy [74, 75]. Other common neurotransmitter
pathways involve cholinergic and catecholaminergic
fibers [76, 77].

Multiple sclerosis. In patients with multiple sclero-
sis, locomotor disorders are also combined with anxi-
ety and depressive symptoms. Depression develops in
almost half of multiple sclerosis patients at a particular
stage of their lives [78]. According to the American
Academy of Neurology, the efficacy of antidepressant
therapy and/or group therapy in such patients is insuf-
ficient [79]. The meta-analysis performed by I. Ensari
et al., reporting on the effects of physical exercise in
depression, showed that such exposure had a slight but
statistically significant effect with respect to reduction
of depressive symptoms in multiple sclerosis patients
[80]. Later, several reviews presented evidence in favor
of the fact that the efficiency of nonpharmacological
techniques aimed at an increase in physical activity for
rehabilitation and prevention of depressive disorders
did not reach a significant level [81, 82].

The available studies show that affective and cogni-
tive disorders are invariably accompanied by impaired
balance, posture and gait, when they are assessed by
objective stabilometric methods [30, 31]. Impaired
postural control probably passes from the main com-
ponent of affective disorder (among young people) to
the epiphenomenon of concomitant physical and cog-
nitive decline (among elderly people).

Thus, disorders of attention, spatial memory,
mood, and other cognitive and affective functions,
HUMAN PHYSIOLOGY  Vol. 48  No. 3  2022
which could be targets for stabilometric biofeedback,
are described in literature as the psychophysiological
correlates of impaired postural control. Among the
stabilometric indices of these psychological functions,
particular attention is focused on the rate of oscilla-
tions in the foot center of pressure in high-frequency
bands as most predictive, with the possibility of using
them for cognitive function training.

The above data suggest that the training of the vol-
untary element of postural control, i.e., performance
of simple cognitive or psychomotor tasks while main-
taining balance, can be appropriate for overcoming
attention deficit, psychomotor retardation and psy-
choemotional disorders.

Application of Stabilometry 
in Affective Disorders Rehabilitation

The previous section of this review demonstrated
the interrelationship between stabilometric, psycho-
logical and neurobiological characteristics of postural
control under normal conditions and in differentent
kind of disorders. However, in rehabilitation, empha-
sis is usually placed only on one sphere: either motor
or emotional. Both Russian and foreign literature
sources describe different approaches to postural
rehabilitation. Most often, the efficiency of a set of
physical exercises is investigated [30, 81–85], while
stabilometry is used in combination with other motor
tests only for diagnosing disorders.

It is known that the biofeedback technology, due to
neurophysiological principles of its organization, is
the most efficient technique for regulation impair-
ments correction and for training the optimal func-
tioning [21, 86]. The neurophysiological basis of bio-
feedback procedure is related to anticipation, consid-
ered by Bernstein as a structural element of any human
activity organization , which is closely associated with
planning or creating a model that can be used in future
reality [1, 34]. The result of the execution plan is pre-
sented in signs of the visual, acoustic, proprioceptive
or even tactile feedback. These signals are a stimulus
for training sensory awareness of a correctly performed
activity, similar to motor training on the basis of sen-
sory corrections [87]. Mental training with the
involvement of feedback is aimed to activation of the
brain integrative functions. As it has been mentioned
previously, psychoemotional disorders have the senso-
rimotor disintegration origin, and postural disbalance
is a particular case of sensorimotor disintegration.
Therefore, the stabilometric biofeedback task must
include the training of sensorimotor integration.

There is an interesting example of training the
maintenance of the upright posture with biofeedback,
using a head tilt sensor attached on the lower part of
the neck. The sensor generates a feedback signal based
on the changing tilt and curvature of the spine as
vibration in case of hunching and tilting the head
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Table 2. The results of literature analysis by the keywords: “depression,” “stabilometry,” and “biofeedback”

No. Keywords Number of sources

1 Biofeedback AND Posturography AND Posture control 815

2 Biofeedback AND Posturography AND Balance control 317

3 Major depressive disorder OR MDD 562

4 Combine #1 AND #3 0

5 Combine #2 AND #3 0
downward [88]. The authors have noted the efficiency
of such training with respect to the quality of life,
stress reduction and mood improvement in the group
of healthy volunteers using this gadget. An important
practical aspect of its application can be the conve-
nience and simplicity of using it in the sitting position,
which is especially relevant for people who actively use
computers, pads, smartphones, etc.

Meantime, the literature search using simultane-
ously the keywords “depression,” “stabilometry,” and
“biofeedback” did not yield any results (Table 2).

In Russian studies, the stabilometry method is
actively used not only for diagnosing the balance func-
tion but also for its correction in the framework of
neurological rehabilitation [28, 89–92], as well as for
increasing efficiency in high performance sport [93,
94]. It should be noted that Russian authors very
rarely take into account the psychoemotional state and
peculiarities of cognitive functions of patients exposed
to postural stability training. Quite often, the detailed
descriptions of stabilometric parameters and training
devices used, the presence of a control group of
healthy subjects, the peculiarities of psychological
examination are either not presented at all or
described as secondary (e.g., a kind of neuropsycho-
logical examination without indicating the tests and
assessing the dynamics of their changes as in [89], or
assessment of the higher psychological functions in
[90]). Therefore, researchers indicate the need for the
common and strict methodological standards to over-
come the deficiency of well-controlled studies and
heterogeneity of electrophysiological and stabilomet-
ric data [21].

For example, high quality design and detailed
description of techniques and results are presented by
I.V. Krivoshey et al. [28] in the work with two control
groups (healthy volunteers and patients with neuroses
receiving no treatment), as well as three experimental
groups of patients with neuroses undergoing rehabili-
tation with three different combinations of measures:
the course of stabilometric biofeedback, the “Bal-
ance” course of specifically designed therapeutic exer-
cises, and the course of stabilometric training with
BFB and the “Balance” course of therapeutic exer-
cises simultaneously. This study confirms the effi-
ciency of the used correction techniques, which not
only lead to functional motor changes but also have a
psychotherapeutic effect, reduce anxiety and depres-
sion and are a guide to recovery. The results of clinical
testing of patients from the BFB subgroup by the
CoPD coordinates demonstrate the higher efficiency
of biofeedback compared to the conventional training
of postural control by physical exercise for improving
mental health [28].

CONCLUSIONS

Thus, the analysis of Russian and foreign studies of
the impaired postural control rehabilitation suggests
that the improvement of qualitative and quantitative
indices of the maintaining posture function with the
use of stabilometric biofeedback and/or physical exer-
cises aimed at postural control training is also accom-
panied by improvement of the psychoemotional state
(reduced anxiety, depression, fatigue, apathy, and
decrease in pain score) and, in general, the quality of
life improvement. However, in these studies authors
mostly did not take into account or did not present the
data on the factors influencing the efficiency of bio-
feedback [21]: the initial individual neuroendopheno-
type, using dual tasks for redistribution of attention,
the threshold level for feedback presentation, the time
of feedback presentation delay, the available informa-
tion on the progress and monitoring. Consequently,
the efficiency of stabilometric biofeedback is deter-
mined by several psychophysiological mechanisms
and situational circumstances that should be con-
trolled and modified by researchers and experts.
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