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INTRODUCTION

Neurological disorders are among the most

leading causes of disability in the world, and

Abstract

Background: Balance and gait impairement are among the most functionally limiting conditions of
neurological diseases including Parkinson's disease, stroke, multiple sclerosis and ataxia. The traditional
clinical tools used for balance assessment are mainly subjective, while sensor plate (force platform)
technology offers objective and quantitative, providing a measurement of postural control in the center of
pressure (COP).

Objective: To evaluate center of pressure displacement using sensor plate technology as an objective
marker of postural stability in neurological disorders associated with gait and balance disturbances, and to
examine its relationship to age.

Methods: Fifty patients (age 20-70 years) with gait and balance impairment due to neurological disorders
were evaluated using a foot sensor plate in an observational design. The COP values were obtained and the
correlation between age and COP was examined using Pearson correlation.

Results: The mean pre-evaluation COP was 21.2 + 1.8 mm, reducing to 16.1 + 1.5 mm post-evaluation (t
=9.45,p <0.001). The highest COP values were obtained in patients with multiple sclerosis, followed by
stroke and Parkinson's disease, while ataxia patients had relatively low COP values. COP correlated
strongly and positively with age (r = 0.72).

Conclusion: Objective evaluation of the sensor plate showed increased postural sway in patients with
neurologic disorders and was correlated with age, which provides evidence for its potential as a sensitive
quantitative tool for a more comprehensive clinical balance assessment.

commonly associated with neurological

disorders are disturbances in gait and

22116


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049
mailto:parasharakash999@gmail.com
https://doi.org/10.63001/tbs.2026.v21.i02.S.I(2).pp22116-22135

postural stability, which have consistently
been among the most functionally limiting.
Unlike many other domains of neurological
impairement, gait and balance dysfunction
has immediately and profoundly affect a
patient's  independence; it determines
whether a person can walk to the bathroom
without the assistance of another person,
climb a flight of stairs, walk on a busy
street, or stand at a kitchen counter without
fear of falling. Gait and balance influence
almost all activities of daily living, and even
small changes in postural control have a
significant impact on functional
independence and quality of life, making it
especially important to measure objective,
sensitive outcomes in this area for research

in rehabilitation.

Gait is not simply a mechanical repetition of
limb movement but is a highly coordinated
motor behaviour that depends on the
continuous integration of the sensory input,
and motor

central processing

of this

output.

Disruption integrated system,
whether at the level of the cerebral cortex,
basal ganglia, cerebellum, brainstem or
spinal cord level, is characterized by a
distinctive and often diagnosis-specific
alteration of the movement pattern. In

Parkinson's disease, dysfunction of the basal
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ganglia circuitry, resulting in bradykinesia
and diminished stride amplitude, in stroke, it
is a unilateral corticospinal lesion that
results in asymmetrical weight support and
impairment of inter-limb coordination, in
multiple sclerosis it is a combination of
demyelinating basal ganglia and sensory and
motor pathways that gives rise to a more
diffuse instability, and in cerebellar ataxia, it
is a loss of inter-limb coordination and
coordinated timing and scaling of movement
that results in a characteristically broad,
[8].

These diagnostic — specific pattern are

unsteady gait
precisely the kind of mechanistic detail a
composite clinical balance score might be
hard to differentiate[9] Although these four
conditions are mechanistically different,
they all lead to the same clinical outcome:
increased fall risk, reduced walking
confidence and a progressive withdrawal
from activities that

were  previously

performed without conscious thought.

Balance can be best described as the ability
to maintain the body's center of mass within
the base of support under both static and
dynamic conditions. This ability depends on
the ongoing continuous integration of three
sensory systems - visual, vestibular and

somatosensory, working together to activate


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

appropriate postural control mechanisms in
the central nervous system that produce
appropriate motor responses to correct
postures [18]. Each of these three systems
are contributing in different ways depending
on the context — vision tends to dominate
when the support surface in unstable and
when the visual cues are very salient, the
vestibular system is the most influential
during rapid movements of the head or in
low-light conditions, and finally,
somatosensory input from the feet, ankles
and lower limb proprioceptors is the most
immediate and powerful during quiet
standing on a firm surface. This sensory
reweighting is well documented for the
is much more

visual system, which

important for locomotor control when
walking surface is uneven or unpredictable
[19]. This visual contribution is further
modulated by environmental cues, in this
case, ambient lighting, but in the absence of
the underlying neurological condition [20].
In a healthy nervous system, all three of
these inputs are constantly and automatically
adjusted according to the demands of the
task and the environment. When any of
these inputs is impaired, as commonly
occurs in neurological disease, the resulting
postural control deficit will manifest as
increased postural

sway, asymmetrical

21(2): S.1(2), 22116-22135, 2026

22118

(ISSN: 0973-7049(P))

www.thebioscan.com

weight distribution, and delayed corrective
responses, all of which will place an
increased likelihood of the patient having a
gait abnormality and, more importantly, a
significantly higher risk of falling[1].
Cuevas-Trisan has also found that impaired
sensory input and delayed reaction time are
key contributors to fall risk in neurological
patients as well as elderly patients [2].
Viswanathan and Sudarsky further suggest
that the pattern of sensory-motor disruption
more specifically, depends on the level of

the underlying neuroanatomical lesion [3].

It is important to note that postural sway is
not a pathology: a small, continuous sway is
necessary for upright stance, and is a normal
corrective response of the postural control
system; it is not a failure of the postural
control system. The difference between
pathological sway and normal physiological
sway is the magnitude, velocity and the
absence of the proper modulation in
response to the variation in task demand.
This is an attribute that outcome measures
that are quantitative and sensor-based are
well positioned to measure; and it is not one
that purely observational clinical scales can

measure.

Traditionally, the clinical evaluation of gait

and balance has been accomplished by


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

observation and the use of standardized
functional scales — instruments such as the
Timed Up and Go test, the Berg Balance
Gait the
Functional Reach Test [21]. These tools are

Scale, Dynamic Index and
clinically relevant; easily to administered,
require no specialized equipment and have
been validated across variety of populations.
Their widespread use in routine clinical
practice, in large part, is due to this
practicality: a busy physiotherapy outpatient
department can administer the Berg Balance
Scale in a matter of minutes — without the

need for any equipment beyond a chair, a

step and a stopwatch.

However, these tools share an important
limitation. They are subjective to some

degree since they depend on the clinician's

visual perception and scoring of the
performance, and they are relatively
insensitive to the subtle, early-stage

biomechanical changes that could lead to
functional decline. A patient may score
within a broadly acceptable range on a
standard functional balance scale, but have
measurable, clinically meaningful
deterioration in the underlying quality of
their postural control, which only becomes
evident on a functional balance scale when it

becomes clinically apparent to affect task
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performance. Perhaps more importantly,
these scales provide information to the
clinician that a patient has an impaired
balance, but not the explanatory
biomechanical mechanism that is causing
the impaired balance [10]. The given
functional balance score alone is unable to
determine if the functional imbalance is due
to delayed corrective responses, asymmetric
weight distribution, excessive sway velocity,
or a combination of these — information
directly relevant to the structure of a

treatment plan.

This limitation has motivated growing

clinical and research interest in objective
assessment technology such as objective
technology for sensor-based evaluation,
including 3-Dimensional motion capture
inertial measurement

systems, wearable

units[5] , and force platforms ,more

commonly referred to in interest clinical

setting as sensor plates Reviews of

wearable sensor-based fall risk assessment
have been reported as being able to

accurately measure gait speed, step

variability, sway and acceleration, which are

all factors that cannot be accurately

measured by observation alone [27].
Wearable sensor-based balance and gait

training, in turn, has been found to enhance
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functional ~ performance in  healthy
population and clinical settings [28]. This is
further extended by the use of wearable
biofeedback  devices which  provide
continuous correction during the session in
addition to subsequent assessment [7]. These
systems provide the opportunity to capture
parameters which were previously only
inferable from clinical observation directly
and quantitatively: peak plantar loading, the
distribution of the pressure throughout the
plantar surface, and most relevant to the
present  study, the trajectory and
displacement of the center of pressure of the
body during the standing and walking

tasks[6].

The center of pressure (COP) is, in essence,
the point of application of the resultant
ground-reaction force beneath the feet and
movement of the COP represents the body's

ongoing corrective response, moment by

moment, to postural sway. Winter's
foundational biomechanical studies of
human balance and posture control

established the COP displacement as a direct
and quantifiable indicator of the efficiency
of the postural control system [6]. Further
analyses using principal component analysis
of stabilometric parameters have shown that

a relatively small number of COP-derived
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variables can explain a great proportion of
the variance in the total postural sway [11],
and that greater COP displacement and
velocity have been observed to be associated
with poorer balance control and higher fall
risk, whereas smaller and more controlled
COP excursions are associated with superior
postural stability. Chiari and colleagues
showed that anthropometric and postural
variables affected stabilometric parameters,
such as COP, thus highlighting the need for
standardization of measurement procedures
when applying this outcome to different
clinical populations [12]. This is a
methodological important point for any
study that combines patients with different
neurological diagnoses and across a wide
age range, as in the present study:
standardizing the foot placement and the
testing conditions 1is critical for the
differences in COP observed to be truly
related to differences in postural control,
rather than artefacts of the testing method.
Another biomechanical concept that is
important to appreciate regarding gait
stability in a neurological population is the
margin of stability - the relationship between
the body's center of mass and its base of
support. Neurological patients frequently

demonstrate compensation strategies that
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maintain this margin: increased base of
support, shorten step length, and reduced
gait velocity compared to normative
reference values of age equivalent healthy
controls [22]. These strategies are protective
in a sense, as they reduce the immediate risk
of a fall,[ 14] but do not necessarily optimize
gait efficiency and are not consistent across
diagnoses [15]. Patients with Parkinson's
disease characteristically adopt shuffling
gait with reduced stride length [8], whereas
stroke patients show a tendency to weight-
bearing the affected side on the first three
steps followed by the unaffected side,
demonstrating significantly different
underlying impairments despite the same
clinical appearance of ‘“unsteady gait.”
Recognizing that two patients can present
with the same clinical presentation of
instability in various ways owing to different
biomechanical pathways is one of the
greatest reasons to use an objective,
mechanism-sensitive outcome measure like
COP, not just a composite functional

measure€.

Postural instability is also well known to be

increased with age, apart from any

individual neurological diagnosis. The age-
in  muscle

related  decline strength,

proprioceptive acuity and neuromuscular
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reaction time is well established in the
general geriatric population [1], and this
age-related decline appears to compound,
rather than simply coexist with,the postural
deficits

imposed by a

disorder[3]. Horak, Shupert and Mirka's

neurological

classic account of postural dyscontrol in the
elderly focuses mainly on reduced central
integration of sensory feedback instead of
peripheral weakness alone [13]. Song and
colleagues have demonstrated more
specifically that impaired proprioception and
cutaneous sensitivity of the foot alone are
predictive of poor balance control in older
adults [4]. This pattern of age related decline
is not confined to any single physiological
system: population level cohort data confirm
that functional and cognitive declines co-
accelerate in advanced age [23]; the onset of
frailty further increase mortality and
disability risk[24] which in turn increases
the fear of falling, thus further limiting
activity and accelerating deconditioning in a
self-reinforcing cycle[25]. Gait decline of
this magnitude as recorded by COP
measurement has, in turn, been directly
linked to elevated fall risk even in those with
only mild cognitive impairment suggesting
that postural instability is rarely an isolated
findings attributed to a single etiology [26].

For instance a 65-year-old patient with
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stroke is not just a "stroke patient" from
postural control standpoint, but also an
aging adult whose base-line proprioceptive
acuity and reaction time have already been
compromised for years, and the two sources
of impairment appear to operate in parallel.
The relative contribution of age and disease-
specific pathology to a given patient's COP
profile is therefore of practical importance
when considering the data collected from a
sensor plate for clinical interpretation, where
a patient's overall instability is very rarely

attributed to a single factor in isolation.

Although there is growing evidence for the
use of sensor-based technologies in balance
research, most current literature has focused
on general, composite gait parameters and
has not investigated COP specifically as a
measure control in

of  postural a

diagnostically diverse neurological
population, and few studies have directly
measured the relationship between COP and
a simple, universal, and easily accessible
variable, such as patient age, in a single,
prospectively assessed population.This is an
important gap, as age is arguably the easiest
variable to collect in any clinical setting, and
if there is a significant proportion of
variation in COP which can be explained

simply by knowing a patient's age in
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isolation from diagnosis then there are direct
implications for how clinicians interpret and
benchmark an individual patient's sensor
plate results against what might be expected
for their age group, without any diagnosis.
This present study was therefore designed to
use sensor plate technology to objectively
quantify COP displacement in a group of
patients with gait and balance deficits
resulting from Parkinson’s disease , stroke,
MS or ataxia and to explore the relationship
between COP and age and the broader intent
of clarifying the value of this objective
measure as an adjunct to traditional clinical

balance assessment.

MATERIAL AND METHOD

Research Design: Observational study

Study Setting: Pacific Medical College and
Hospital, Bedla, Udaipur, Rajasthan.
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Study Population: Male and female
patients, aged 20-70 years,with gait and
balance impairment to

secondary a

neurological disorder.

Sample Design: Purposive sampling
Sample Size: 50 participants

Study Duration: One year
Inclusion Criteria

e (ait and balance disorders caused by

any neurological problem.
e Willingness to provide informed
consent

e Age 20-70 years
Exclusion Criteria

e Cancer

e Spinal trauma or amputation.

e Systemic inflammatory disorders

e Pregnancy or open wound

e Use of NSAIDs, anticoagulants, or
steroid medication

e High-degree burns

Outcome Measure: Center of pressure
(COP), recorded pre- and post-evaluation
using a foot sensor plate. COP represents the

direction of the resulting ground reaction
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force beneath the feet and has been shown to
be a reliable indicator of postural sway and
balance control. COP is a stabilometric
parameter which is sensitive not only to the
presence of neurological pathology but also
to anthropometric parameters and testing
conditions; therefore a standardized foot-
placement and testing protocol was
standardized for all participants in this

study.

Procedure

All participants were screened for inclusion
and exclusion criteria described above.
Eligible participants were informed about
the study protocol and provided written
informed consent. All participants were then
examined in a standardized manner with a
foot sensor plate while COP values were
recorded. Testing was conducted under
consistent environmental conditions and
participants were asked to stand quietly,
with their feet in a standardized position to
reduce the effects of extraneous postural and
environmental variables on the recorded
COP values. The observations were
documented for each participants and the
data in relation to

were analysed

demographic  variables including age,

gender, and neurological diagnosis.
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Statistical Analysis: Descriptive data (mean relationship between age and COP was
+ SD) were obtained for COP values pre and examined wusing Pearson's correlation
post evaluations. Paired t-test was used to coefficient. The statistical significance was
analyse within- group difference. The set at p<0.05.

DATA ANALYSIS AND RESULTS
Fifty patients with neurological gait and balance impairment were included in the study.

Table 1: Age Distribution of Study Participants (N=50)

Age Group (years) Frequency (n) Percentage (%)
41-50 15 30%

51-60 25 50%

61-70 10 20%

Total 50 100%

22124
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41-50 51-60 61-70

Interpretation: Significant findings observed in this parameter.

Table 2: Gender Distribution of Study Participants (N=50)

Gender Frequency (n) Percentage (%)
Male 25 50%

Female 25 50%

Total 50 100%

22125
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251

204

15 ~

10 ~

Male Female

Interpretation: Significant findings observed in this parameter.

Table 3: Diagnosis Distribution of Study Participants (N=50)

Diagnosis Frequency (n) Percentage (%)
Parkinson's disease 15 30%

Stroke 15 30%

Multiple sclerosis 10 20%

Ataxia 10 20%

Total 50 100%

22126
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PD

Stroke

MS Ataxia

Interpretation: Significant findings observed in this parameter.

The majority of participants fall within the

51-60 year age group and gender

distribution ~ was  exactly  balanced.

Parkinson’s disease and stroke were the
most prevalent diagnosis , together
accounting for 60% of the cohort. This

diagnostic distribution broadly mirrors the

relative prevalence of these conditions
among patients presenting to outpatient
neurological physiotherapy services, and
provides a reasonably representative if not
epidemiologically weighted sample across

the four target diagnoses.

Table 4: Pre- and Post-Evaluation Center of Pressure (COP) Values (N=50)

Parameter Pre-Evaluation

Post-Evaluation

t-value p-value

COP (mm) 212+ 1.8

16.1+1.5

t=945 |p<0.001

22127
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25 1

20

15 1

10 4

Interpretation: Significant findings observed in this parameter.

Table S: Correlation Analysis — Age and Center of Pressure

Variables r (Pearson)

Interpretation

p-value

Age vs COP r=0.72

Strong positive correlation

p <0.001

Diagnosis-wise comparison showed that the
patients with Multiple sclerosis had the
highest COP values followed by stroke and
Parkinson's disease patients, and patients
with ataxia had the comparatively lower
COP values, this ranking was consistent
both before and after evaluation and all

diagnostic groups showed the reduction in

22128

COP during the period of assessment. A
gender-wise comparison showed minimal
difference significant differences between
the male and female participants in terms of
pre- and post-evaluation values, or in the
pattern of change in postural sway
magnitude, indicating that sex does not seem

to be a significant independent factor
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contributing to the development of postural
sway magnitude in this population. The age-
wise analysis revealed that age groups
showed a progressive increase in COP value
with age, the age group 61 to 70 years had
the highest pre-evaluation COP values,
whereas after the evaluation all age groups
had a progressive increase, however the
older age groups had relatively higher
residual COP wvalues. This pattern is
supported by a strong positive correlation
between age and COP (r=0.72, p<0.001),
suggesting that a substantial proportion of
the observed differences in postural sway
among patients in this study is attributable to
age, rather than diagnosis alone. These
findings, combined, indicate that the overall
magnitude of COP displacement is clearly
influenced by diagnosis, but age also has an
independent effect that is statistically
significant and which needs to be taken into
account at the level of the individual patient

when interpreting sensor plate findings.

DISCUSSION

The present study evaluated center of
pressure displacement, as measured by
sensor plate technology, as an objective

measure of postural stability in 50 patients
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with neurological disease related to gait and
balance impairment. The principal finding
was the significant reduction in COP
displacement from pre- to post-evaluation
(21.2 mm to 16.1 mm, p<0.001) with a
strong positive correlation between COP and

age (r=0.72).

These findings aligns closely with the

broader stabilometric literature. Winter's
biomechanical foundational framework
established COP as a direct, real-time

indicator of the proper functioning of the
postural control system and later studies
have invariably linked larger COP values
with poorer balance control [6]. This pattern
of findings, patients with Multiple sclerosis
demonstrating the most absolute COP
values, followed by stroke, Parkinson's
disease, and ataxia among which the

absolute COP values were lower, broadly

reflects the different underlying
pathophysiological processes of these
conditions. Multiple sclerosis is

characterized by demyelination of both
sensory and motor pathways, and plausibly
this results in a more diffuse and severe
postural control deficit than the more
circumscribed motor deficits typically found
in Parkinson's disease [8] and the cerebellar-

specific coordination deficit often found in
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ataxia and other forms of ataxia that clinical
balance tests are not always well suited to
distinguish from other causes of instability
[9]. However, it should be noted that the
lower absolute COP values observed in the
ataxia group does not necessarily mean that
performance is less impaired in this group as
a whole, but rather that the instability is
more irregular and unpredictable in terms of
the sway it produces, which would be better
represented by the frequency-domain or
of

path-length COP parameters sway,

respectively, in future studies.

The strong positive correlation between age

and COP observed cohort 1is

established

in this

consistent with the well

literature on age-related decline in postural
control, which implicates reduced muscle
strength, diminished proprioceptive acuity
and slowed neuromuscular reaction time as
contributing mechanism [1]. It is also
consistent with direct comparative studies
that indicate that there are systematic age
differences in postural steadiness even in
healthy young and elderly adults suggesting
that age 1s an independent factor
contributing to COP magnitude which needs
to be taken into account separately from the
diagnosis when considering an individual

patient's results[17]. Clinically, this finding
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suggests that, when interpreting a given
patient's COP profile, a portion of the
observed instability may have been caused
by the natural aging process, as well as by
an underlying neurological diagnosis, and
this is especially applicable in a population
as elderly as the present the majority of the
participants were aged between 51 and 70
years. In other words, a 68-year-old patient
with  Parkinson's disease might not
necessarily be compared to an expected
COP value as the same value could also be
expected from a 35-year-old patient with
Parkinson's disease — assuming that a
significant proportion of the difference may
be due to age, rather than the severity of the
disease. Additionally, in this cohort there
was no meaningful influence of gender on
COP, indicating that biomechanical postural
changes associated with neurological disease
are more likely to be influenced by

diagnosis and age than sex.

From clinical and rehabilitation planning are

concerned, these  findings  support
incorporating sensor plate evaluation be
considered as a part of the initial patient
assessment and not just for research
purposes, but as an additional part of the
clinical balance scale. A therapist working

with an older patient who has only slightly
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abnormal Berg Balance Scale scores might
find, through COP measurement, a degree of
postural sway that is worthy of earlier or
more intensive intervention aimed at
balance, than might be suggested by the
functional scale alone. Prospectively
following COP throughout a course of
physiotherapy treatment also provides a
more sensitive indicator of incremental
improvement than functional scales that may
exhibit ceiling effects at a moderate level of
functional competence. Considering the
growing body of evidence of improved
postural outcomes with wearable sensor-
based balance training across neurological
populations [28], and the potential for
virtual-reality-based training to enhance
balance and mobility in Parkinson’s disease
[29], future studies could determine whether
COP-guided

technology-assisted training

methods are superior to conventional
balance rehabilitation. This is especially
applicable for the diagnosis of multiple
sclerosis, for which home based active
video-game interventions have already
demonstrated promising improvements in

gait and balance outcomes [16].

There are some restrictions which should be
taken into account. The observational, non-

randomized, single group design prohibits
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the making of causal inferences, and the

relatively small sample size, especially
within the diagnosis-specific  groups,
restricts the ability to make precise

diagnosis-specific COP patterns, which
should be viewed as descriptive patterns, not
necessarily as  statistically  confirmed
differences. The lack of a healthy, age
matched control group also precludes being
able to completely separate the contribution
of disease-related from age-related change
in the observed COP values from the present
data alone.
Additionally, the study measured only static
standing COP; dynamic, task-specific COP
measures during walking or perturbation
recovery might capture aspects of postural
control that are not captured in a single static
measure and would represent a natural

extension of the present methodology.

CONCLUSION

In the present study evaluated center of
pressure displacement measured objectively
using sensor plate technology in fifty
patients with gait and balance disturbances
due to Parkinson's disease, stroke, multiple
sclerosis, and/or ataxia. A significant
reduction in COP was seen throughout the

assessment period and COP was highly and
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%

positively associated with the age of

patients.

These findings support the use of sensor
plate evaluation as a sensitive, objective
measure of postural instability in a
neurological population, a dimension of
balance impairment that conventional
observational scale are not well positioned
to capture with the same precision. The
diagnosis-wise  pattern observed with
Multiple sclerosis patients with highest
postural instability and ataxia patients with
relatively lower COP values, indicate that
the sensor plate assessment could also be
used to describe diagnosis specific postural
profiles; however, this observation is
descriptive in nature due to the limited

number of patients.

The strong correlation between age and COP
further suggests that postural instability in
this population is multifactorial, as it is
related to a combination of neurological
pathology and age related physiological
changes. This has a direct clinical
implication, because rehabilitation planning
for neurological patients with balance
impairments should consider age-related
contributions to instability, in addition to

diagnosis-specific impairments, and rather
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than attributing all observed sway to the

neurological condition in isolation.

Future research incorporating larger,
diagnosis-stratified samples, an age-matched
healthy control group and longitudinal
follow up studies will help determine the
relative contribution of age to postural
instability as assessed by COP versus
contribution of disease-specific pathology
and further substantiate the inclusion of
assessment in  routine

sensor  plate

neurological physiotherapy assessment.

REFERENCES

1. Osoba MY, Rao AK, Agrawal SK,
Lalwani AK. Balance and gait in the
elderly: a contemporary review.

Laryngoscope

Otolaryngology. 2019;4(1):143-53.

Investigative

Cuevas-Trisan R. Balance problems
and fall risks in the elderly. Clinics
Geriatric Medicine.

2019;35(2):173-83.

in

Viswanathan A, Sudarsky L. Balance
and gait problems in the elderly.
Handbook of Clinical Neurology.
2012;103:623-34.

Song Q, Zhang X, Mao M, Sun W,
Zhang C, Chen Y, et al. Relationship
of

proprioception, cutaneous


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

-
s
%

. Mancini

sensitivity, and muscle strength with
the balance control among older
adults. Journal of Sport and Health
Science. 2021;10(5):585-93.

. Horak F, King L, Mancini M. Role
of body-worn movement monitor
technology for balance and gait
rehabilitation.

2015;95(3):461-70.

Physical = Therapy.

. Winter DA. Human balance and

posture control during standing and
walking. Gait &
1995;3(4):193-214.

Posture.

. Bowman T, Gervasoni E, Arienti C,
Lazzarini SG, Negrini S, Crea S, et
al. Wearable devices for biofeedback
rehabilitation: a systematic review
and meta-analysis to  design
application rules and estimate the
effectiveness on balance and gait
outcomes in neurological diseases.
Sensors. 2021;21(10):3444.

. Hausdorff JM. Gait dynamics in
Parkinson's disease: common and

distinct behavior among stride

length, gait variability, and fractal-
like scaling. Chaos.
2009;19(2):026113.

M, Horak FB. The

relevance  of clinical balance

assessment tools to differentiate

21(2): S.1(2), 22116-22135, 2026

22133

10.

11.

12.

13.

14.

15.

(ISSN: 0973-7049(P))

www.thebioscan.com

balance deficits. European Journal of

Physical and Rehabilitation
Medicine. 2010;46(2):239-48.

Perry J, Burnfield JM. Gait analysis:
normal and pathological function.
2nd ed. Thorofare (NJ): Slack Inc;
2010.

Rocchi L, Chiari L, Cappello A.
Feature selection of stabilometric
parameters  based

on principal

component analysis. Medical &
Biological
Computing. 2004;42(1):71-9.

Chiari L, Rocchi L, Cappello A.

Engineering &

Stabilometric parameters are affected
by
placement. Clinical Biomechanics.
2002;17(9-10):666-77.

Horak FB, Shupert CL, Mirka A.

anthropometry  and  foot

Components of postural dyscontrol

in the elderly: a  review.
Neurobiology of
1989;10(6):727-38.

Maki BE. Gait changes in older

adults:

Aging.

predictors of falls or

indicators of fear. Journal of the

American Geriatrics

1997;45(3):313-20.
Shumway-Cook A, Woollacott MH.

Society.

Motor control: translating research

into clinical practice. 5th ed.


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

-
s
%

16.

17.

18.

19.

20.

Philadelphia: Lippincott Williams &
Wilkins; 2016.

Dalmazane M, Gallou-Guyot M,
Compagnat M, Magy L, Montcuquet
A, Billot M, et al. Effects on gait and
balance of home-based active video
game interventions in persons with
sclerosis: a

multiple systematic

review. Multiple Sclerosis and

Related Disorders. 2021;51:102928.
Prieto TE, Myklebust JB, Hoffmann
RG, Lovett EG, Myklebust BM.
Measures of postural steadiness:
differences between healthy young
adults. IEEE

and elderly

Transactions Biomedical

Engineering. 1996;43(9):956-66.

on

Nashner LM. Practical biomechanics
and physiology of balance. In:
Jacobson GP, Newman CW, Kartush
JM, editors. Handbook of Balance
Function Testing. St. Louis: Mosby;
1997. p. 261-79.

Patla AE. Understanding the roles of
in the control of human
locomotion.  Gait &
1997;5(1):54-69.
Redfern MS, Yardley L, Bronstein

vision

Posture.

AM. Visual influences on balance.
Journal of Anxiety Disorders.

2001;15(1-2):81-94.

21(2): S.1(2), 22116-22135, 2026

22134

21.

22.

23.

24.

25.

(ISSN: 0973-7049(P))

www.thebioscan.com

Duncan PW, Studenski S, Chandler
J, Prescott B. Functional reach: a
new clinical measure of balance.
Journal of

1990;45(6):M192-7.
Bohannon RW. Comfortable and

Gerontology.

maximum walking speed of adults
aged 20-79 years: reference values.
Physiotherapy. 1997;83(7):364-6.
Zeng Y, Feng Q, Hesketh T,
Christensen K, Vaupel JW. Survival,
disabilities in activities of daily
living, and physical and cognitive
functioning among the oldest-old in
China: study. Lancet.
2017;389(10079):1619-29.

Hanlon P, Nicholl BI, Jani BD, Lee
D, McQueenie R, Mair FS. Frailty

a cohort

and pre-frailty in middle-aged and
older adults and its association with
multimorbidity and mortality: a
prospective analysis of 493,737 UK
Biobank participants. Lancet Public
Health. 2018;3(7):e323-32.

Merchant RA, Chen MZ, Wong
BLL, Ng SE, Shirooka H, Lim JY, et
al. Relationship between fear of
falling, fear-related activity
restriction, frailty, and sarcopenia.
Journal of the American Geriatrics

Society. 2020;68(11):2602-8.


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

(ISSN: 0973-7049(P))

| Jhe Bioscan 21(2): 5.1 (2), 22116-22135, 2026 www.thebioscan.com

26. Pieruccini-Faria F, Sarquis-Adamson
Y, Anton-Rodrigo I, Noguerdn-
Garcia A, Bray NW, Camicioli R, et
al. Mapping associations between
gait decline and fall risk in mild
cognitive impairment. Journal of the
American Geriatrics Society.
2020;68(3):576-84.

27.Chen M, Wang H, Yu L, Yeung
EHK, Luo J, Tsui K-L, et al. A
systematic review of wearable
sensor-based technologies for fall
risk assessment in older adults.
Sensors. 2022;22(18):6752.

28. Gordt K, Gerhardy T, Najafi B,
Schwenk M. Effects of wearable
sensor-based balance and  gait
training on balance, gait, and
functional performance in healthy
and patient populations: a systematic
review and meta-analysis  of
randomized controlled trials.
Gerontology. 2018;64(1):74-89.

29. Sarasso E, Gardoni A, Tettamanti A,
Agosta F, Filippi M, Corbetta D.
Virtual reality balance training to
improve balance and mobility in
Parkinson's disease: a systematic
review and meta-analysis. Journal of

Neurology. 2021;269:1873-88.

22135


http://www.thebioscan.com/
https://portal.issn.org/resource/ISSN/0973-7049

