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Abstract: Background: The role of the periarticular muscles of the knee joint in ensuring
body balance is still ambiguous. Therefore, we conducted clinical and biomechanical
assessments on 52 older adults (36 women and 16 men, age of 67.58 + 7.30 years, body
weight of 75.10 £ 13.42 kg, and height of 163.92 + 8.80 cm) to determine the role of the knee
muscles in balance maintenance. Methods: The clinical examination included the Dizziness
Handicap Inventory (DHI), the Geriatric Depression Scale (GDS), the Performance-Oriented
Mobility Assessment (POMA), the Functional Reach Test (FRT), the Falls Efficacy Scale—
International (FES-I), and bioimpedance parameters (skeletal muscle mass—SMM—and its
derived parameter—Diff SMM). The biomechanical assessment involved parameters that
characterize muscle torques of knee joint extensors and flexors in isokinetic and isometric
conditions, as well as changes in the centre of pressure (COP) position while standing with
eyes open and closed. Results: Based on treatment history and DHI results (>10 points),
26 participants were identified as having balance disorders, while the remaining partici-
pants formed the control group. Statistical analysis was performed to determine differences
between the groups. The groups significantly differed in terms of the results obtained
from the DHI (p < 0.001) and GDS (p = 0.04) questionnaires as well as FES-I (p < 0.001)
and POMA (p = 0.002) tests. While SMM (p = 0.012) was similar in the groups, Diff SMM
(p = 0.04) significantly differed. The multiple regression analysis confirmed the knee joint
extensor parameters’ significant role in predicting the COP path (p = 0.03 and p = 0.04 for
two assumed models). Conclusions: The obtained results proved that the muscle torques
of knee extensors can be used in the diagnostic process of older patients with balance
disorders, indicating possible rehabilitation directions.

Keywords: balance disorders; knee joint; muscle torques; older people

1. Introduction

An older person is an individual in the later stage of life, during which natural
biological ageing processes lead to a progressive decline in the body’s functional reserves,
decreased efficiency of organ systems, increased susceptibility to chronic diseases, and a
slowdown in regenerative processes. Common features also include balance disorders,
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reduced muscle strength, and impaired motor coordination, which increase the risk of falls
and limit independence in daily functioning [1].

According to the classification of the World Health Organization (WHO), older persons
are defined as individuals aged 60 years and above. However, in certain social, cultural,
and health programme contexts, the age of 55 years is also accepted as the lower threshold,
particularly in populations with a lower average life expectancy [2].

Due to significant progress in medicine, the average human lifespan has significantly
increased [3], directly related to the increasing proportion of older people in society. Ac-
cording to the World Health Organization (WHO), by 2050, individuals aged 60 and above
will represent between 12% and 22% of the global population [4]. Although the COVID-19
pandemic temporarily disrupted this demographic shift [5], current trends indicate a steady
return to pre-pandemic projections. As the ageing population grows, clinical practice is
increasingly dominated by conditions typical of older adults—among which falls have
become a critical and persistent concern. Falls, often resulting from balance disorders,
are one of the most frequent and serious health issues affecting the elderly [6]. They not
only pose an immediate risk of injury, such as fractures or head trauma, but also lead to
complications including loss of independence, prolonged hospitalisations, and increased
mortality. In everyday clinical care, managing fall-related incidents has become a routine,
placing significant demands on healthcare professionals and systems. Preventing falls and
addressing their consequences are now central priorities in geriatric care and rehabilitation
planning. It is estimated that people over 65 are at a 15% risk of falling, increasing to 25%
in people over 80 years of age [7].

The WHO defines a fall as “an event that results in a person coming to rest inadver-
tently on the ground or floor or other lower level” [8]. Several factors increase the risk of
falls in older persons; among others, the following can be noted: medications, osteoarthritis,
depression, dizziness, cerebellar damage, degenerative changes in the middle and inner
ear, or muscle weakness [9-11]. However, there is a large proportion of falls of unknown
origin, so there is a high need to improve and develop new diagnostic methods for balance
disorders. Falls result in severe consequences for quality of life, such as fear of falling
again [12], leading to physiological weakness [13], social isolation [14], or psychomotor
issues [15], which all combined directly lead to the development of chronic diseases that
can be avoided with regular physical activity [16]. In critical cases, falls lead to severe
mechanical damage in bone tissues, especially hip joint fractures [17], and are a direct cause
of premature mortality [18].

Currently, several questionnaires (such as the Dizziness Handicap Inventory—DHI—
or the Geriatric Depression Scale—GDS) [19,20], functional tests (such as the Performance-
Oriented Mobility Assessment—POMA—the Functional Reach Test—FRT—or the Falls
Efficacy Scale—International—FES-I) [21-24], and body composition analysis (in particular
to determine skeletal muscle mass—SMM) [25,26] are used to establish the potential risk of
falls in older people. However, clinical reports suggest that the results obtained in studies
mentioned above often do not allow a clear assignment of a patient to a risk group. For this
reason, researchers are looking for other methods with which to potentially increase the
quality of diagnosis of balance disorders in older adults.

One of the parameters used to describe body balance is movement of the centre of
pressure (COP), which is usually evaluated on test platforms, and its excessive range can be
directly used to distinguish fallers from non-fallers [27]. Currently, the available literature
has extensive quantitative descriptions of the COP in older populations [28-30] concerning
potential influencing factors, such as lower-extremity muscle forces, having a significant
influence on this parameter. Despite some noticeable impact of muscle forces, especially
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abductors of the hip joint, on maintaining appropriate balance [31-34], the influence of the
periarticular knee muscles remains ambiguous.

Therefore, the research aimed to assess the influence of knee joint muscle torques
measured in isokinetic and isometric conditions on changes in COP movement and assess
these parameters’ usefulness in diagnosing balance disorders in older people.

2. Materials and Methods
2.1. Study Design

A condensed overview of the study design is presented below in bullet points to
enhance clarity and facilitate quick understanding of the methodological framework. This
is used to summarize the core aspects of the study, including its structure, assessment
tools, and analytical approaches. It highlights the most important procedures implemented
throughout the study in a clear and logically ordered manner.

e  Sample: 52 participants aged > 55 years.
e  Recruitment: clinical and community sources in Bialystok, Poland.
e  Assessments performed:

a.  General: weight, height, and BMI.

b.  Clinical: DHI, GDS, POMA, FRT, FES-I, and body composition (bioimpedance).

c.  Biomechanical: muscle torques of knee flexors and extensors (isometric and
isokinetic conditions), and centre of pressure (COP) position changes.

e  Group allocation:

a. Balance disorders group: > 1 fall in the past year and DHI > 10.
b.  Control group: no falls and DHI < 10.

e  Statistical analysis:

a.  Shapiro-Wilk and Levene’s tests.
b.  Group comparisons: t-test or Mann-Whitney U.
c.  Multiple regression to identify predictors of the COP path.

A comprehensive and detailed description of each procedure (including participant
recruitment, group allocation, clinical as well as biomechanical assessments, and statistical
approach) is provided in the subsequent section to ensure methodological transparency
and reproducibility.

2.2. Detailed Description of Study Procedures

The study involved 52 people (36 women and 16 men) aged over 55, recruited from
patients of the Department of Geriatrics of the Hospital of the Ministry of Interior in
Bialystok, Poland, the Department of Otolaryngology, University Clinical Hospital in
Bialystok, Poland, and from people associated with the University of the Third Age between
1 December 2022 and 30 September 2024. Recruitment was conducted through direct
invitations during patient visits, referrals by attending physicians and physiotherapists, and
through announcements distributed among senior community organizations. Interested
individuals were initially screened for eligibility based on their age and general health
status. Those who fulfilled the inclusion criteria were invited to participate, provided
detailed information about the study procedures, and gave written informed consent.
Participants were included in the study if they met the following criteria:

e Age of 55 years or older at the time of recruitment.
e  Ability to ambulate independently without the use of mobility aids (e.g., walkers
or wheelchairs).
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e No history of acute orthopedic injuries or surgical interventions involving the lower
limbs in the previous six months.

e No diagnosed neurological conditions significantly affecting balance (e.g., Parkinson’s
disease, stroke, or multiple sclerosis).

e Consent to participate in clinical and biomechanical assessments.

The average age of the participants was 67.58 £ 7.30 years. Their mean body weight
was 75.10 & 13.42 kg, with an average height of 163.92 £ 8.80 cm. The resulting mean Body
Mass Index (BMI) was 27.77 & 3.88 kg/m?. All participants signed a written consent form
to participate in the research and underwent clinical evaluation (conducted by a physician
and physiotherapist) and biomechanical parameter assessment (performed by biomedical
engineers). The research was performed with the consent of the Bioethics Committee of the
Medical University of Bialystok.

The clinical assessment concentrated on the potential impact of balance disturbances
on a person’s quality of life, emotional health, risk of falls, and body composition analysis
using the bioimpedance method. This assessment was used both for the classification of
participants into the control and balance disorder groups (based primarily on DHI scores
and fall history) and as key outcome measures. Their inclusion in the comparative analysis
allowed for the evaluation of emotional-, functional-, and balance-related differences
between the groups, as presented in the Results section. The clinical assessment included
the following:

e  The Dizziness Handicap Inventory (DHI) is a scale designed to measure the disabil-
ity perceived by someone complaining of dizziness, vertigo, or unsteadiness. It is
a 25-item self-report questionnaire that quantifies the impact of dizziness on daily
life by measuring self-perceived handicaps in functional, emotional, and physical
categories. The patient is asked to answer each question regarding dizziness or un-
steadiness problems, explicitly considering their condition during the last month
(No = 0; Sometimes = 2; and Yes = 4 points). Scores above 10 points should be referred
to balance specialists for further evaluation [35].

o  The 15-item Geriatric Depression Scale (GDS) is an instrument used to assess the
possibility of depression in older adults. The patient is asked to answer each question
explicitly considering his or her condition during the previous two weeks (0 or 1 point
is assigned to the answer depending on the question). Scores above 5 points should be
referred to more in-depth clinical evaluation for depression [36].

e  The Performance-Oriented Mobility Assessment (POMA) is the first clinical balance
assessment tool [37]. It measures an individual’s gait and balance abilities using
16 items of balance and gait. Each item is scored on a 3-point ordinal scale (0-2) with
28 possible points. The balance portion (POMA-B) contains nine items for a maximum
score of 16 and the gait portion (POMA-G) includes seven items for a maximum score
of 12. The test is reliable, valid, and responsive [38—40]. The POMA has excellent
test-retest reliability in people with dementia [41].

e  The Functional Reach Test (FRT) evaluates the forward stability of a standing subject
who voluntarily extends one arm as far forward as possible in the horizontal plane,
while keeping both heels in contact with the ground. The score is obtained by mea-
suring the distance between the fingertip’s starting and end positions. The FRT’s
good reliability and low inter-examiner variability have been demonstrated in various
studies [42,43]. The FRT score correlates with the anteroposterior excursion of the cen-
tre of pressure (COP) [42,44]. Furthermore, the FRT also shows good reproducibility
over time [42,45] and is sensitive to change [46,47]. Lastly, the FRT score is known
to decrease with age, and an abnormally low score is a good predictor of the risk of
falls [46].
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e  The Falls Efficacy Scale—International (FES-I), developed and validated by the Pre-
vention of Falls Network Europe (ProFaNE), has become a widely accepted tool for
assessing concern about falling [48,49]. Previous studies indicate that the FES-I has
excellent reliability and validity across different cultures and languages [50]. The
psychometric properties of the FES-I have been evaluated using classical test the-
ory [48,49]. The original questionnaire contains 16 items scored on a four-point scale
(1 =not at all concerned to 4 = very concerned). The shortened questionnaire contains
seven items [48].

e  Body composition assessment with a Jawon Medical X-Contact 357S (Jawon Medical
Co., Ltd., Gyeongsan, Republic of Korea) bioimpedance analyzer was used to assess
skeletal muscle mass (SMM) and the derived parameter—the difference between the
obtained SMM value and its reference value (Diff SMM).

Based on medical history concerning falls in the previous year and the results of the
DHI questionnaire, 26 persons (19 women and 7 men) were qualified to the group with
balance disorders (DHI > 10 points and a history of at least one fall in the previous year),
and another 26 (17 women and nine men) to a control group (DHI < 10 and no history of
falls in the previous year).

The following parameters were determined within the biomechanical assessment:

e  Muscle torques of knee flexors and extensors developed in isometric and isoki-
netic conditions.
e  The centre of pressure (COP) position changes while standing with eyes open and closed.

The muscle torques of the knee flexors and extensors were tested using a Biodex
System 4 Pro dynamometer (Biodex Medical Systems, Inc., Shirley, NY, USA). Each patient
was seated upright, with straps stabilizing the chest, pelvis, and thigh of the currently
examined limb. The hip position was set at 95°, while the knee starting position was at 90°
flexion (Figure 1).

foolscan

Figure 1. A patient undergoing assessment of the muscle torques of the knee flexors and extensors
using the Biodex System 4 Pro dynamometer.

Three repetitions were performed for each lower extremity under isokinetic (for
angular velocities of 90°/s and 150°/s) and isometric (for joint angles of 75° and 90°)
conditions. Three training attempts preceded each trial. Based on the measurements,
biomechanical parameters were determined, which are presented in Table 1.

Changes in the COP position were recorded using a Kistler 600 x 500 mm, 9260A A6
force plate (Kistler Holding AG, Winterthur, Switzerland) during three 30 s repetitions
performed while standing with eyes closed or opened. Data were collected with Qualisys
ver. 2022.2 software (Qualisys AB, Goteborg, Sweden) integrated with a time-synchronized
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Kistler force plate (Figure 2) and averaged for all repetitions, individually for tests with
eyes closed or opened.

Table 1. Designated biomechanical parameters to describe muscle torques of knee flexors and
extensors in isometric and isokinetic conditions.

Biomechanical Parameter Description

The averaged value of max. muscle torques of knee
extensors (from all repetitions) obtained in isokinetic
conditions for angular velocities of 90° /s and 150° /s,

normalized to the person’s weight.

Ikin-ext [Nm/kg]

The ratio between the averaged values of muscle
torques of the left and right knee extensors obtained
in isokinetic conditions for angular velocities of 90° /s
and 150° /s normalized to the person’s weight.

Ikin-ext-asym

The averaged values of max. muscle torques of knee

extensors (from all repetitions) obtained in isometric

conditions for joint angles of 75° and 90°, normalized
to the person’s weight.

Imet-ext [Nm/kg]

The ratio between the averaged values of muscle
torques of the left and right knee extensors obtained
in isometric conditions for joint angles of 75° and 90°

normalized to the person’s weight.

Imet-ext-asym

The averaged value of muscle torques of knee flexors
obtained in isokinetic conditions for angular velocities
of 90° /s and 150° /s, normalized to the
person’s weight.

Ikin-flex [Nm/kg]

The ratio between the averaged values of muscle
torques of the left and right knee flexors obtained in
isokinetic conditions for angular velocities of 90°/s

and 150° /s normalized to the person’s weight.

Ikin-flex-asym

The averaged values of muscle torques of knee flexors
Imet-flex [Nm/kg] obtained in isometric conditions for joint angles of 75°
and 90°, normalized to the person’s weight.

The ratio between the averaged values of muscle
torques of the left and right knee flexors obtained in
isometric conditions for joint angles of 75° and 90°
normalized to the person’s weight.

Imet-flex-asym

Ikin—isokinetic, Imet—isometric, Ext—extensors, Flex—flexors, and Asym—asymmetry.

Figure 2. A patient undergoing assessment of changes in the COP position during tests with eyes
closed or opened using a Kistler force plate and Qualisys software.
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Examples of the results that were further processed to obtain biomechanical parame-

ters are presented in Figure 3.
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Figure 3. COP path [mm]—exemplary results obtained during tests with eyes closed for (a) a person

from the control group and (b) a person from the balance disorder group.

Biomechanical parameters were determined based on these measurements, which are

presented in Table 2.

Table 2. Designated biomechanical parameters to describe COP displacement while standing with

eyes opened and closed.

Biomechanical Parameter

Description

COP Amp ML—EO [mm/cm]

COP Amp AP—EO [mm/cm]

COP path—EO
[mm/cm]

COP Amp ML—EC [mm/cm]

COP Amp AP—EC [mm/cm]

COP path—EC
[mm/cm]

The averaged amplitude of COP displacement in
the mediolateral direction while standing with
eyes opened, normalized to the person’s
body height.

The averaged amplitude of COP displacement in
the anteroposterior direction while standing with
eyes opened, normalized to the person’s
body height.

The averaged path length of the COP while
standing with eyes open, normalized to the
person’s body height.

The averaged amplitude of the COP displacement
in the mediolateral direction while standing with
eyes closed, normalized to the person’s
body height.

The averaged amplitude of COP displacement in
the anteroposterior direction while standing with
eyes closed, normalized to the person’s
body height.

The averaged path length of the COP while
standing with eyes closed, normalized to the
person’s body height.

COP—centre of pressure, Amp—amplitude, ML—mediolateral direction, AP—anteroposterior direction, EO—

eyes opened, and EC—eyes closed.
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Statistical analysis was performed using Statistica (TIBCO Software) 13.3. The Shapiro-
Wilk test was performed to evaluate the normality of the data. The equality of variances was
assessed using Levene’s test. The differences in parameters between groups were evaluated
using Student's t-test (in the case of normally distributed data) or the Mann-Whitney U
test (in the case of data with a non-normal distribution).

Multiple regression analysis was performed to determine the potential significance
of muscle torques of knee flexors and extensors developed in isometric and isokinetic
conditions in assessing balance disorders in older adults (Table 3). Parameters of the COP
path were treated as dependent values quantitatively expressing the balance parameters of
the subjects (it was checked if considered independent variables have a significant influence
on this parameter individually in each analyzed group).

Table 3. Models assumed for multiple regression analyses.

Dependent Independent
Model No. Group Variable Variable
_ Ikin-ext [Nm/kg]
Model 1la Control group (n = 26) COP path—EO Tkin-ext-asym
Balance disorder group [mm/em] Imet-ext [Nm/kg]
Model 1b
(n=26) Imet-ext-asym
_ Ikin-flex [Nm/kg]
Model 2a Control group (n = 26) COP path—EO Tkin-flex-asym
Balance disorder group [mm/cm] Imet-flex [Nm/kg]
Model 2b
(n=26) Imet-flex-asym
_ Ikin-ext [Nm/kg]
Model 3a Control group (n = 26) COP path—EC Tkin-ext-asym
Balance disorder group [mm/em] Imet-ext [Nm/kg]
Model 3b
(n=26) Imet-ext-asym
_ Ikin-flex [Nm/kg]
Model 4a Control group (n = 26) COP path—EC Tkin-flex-asym
Balance disorder group [mm/cm] Imet-flex [Nm/kg]
Model 4b
(n=26) Imet-flex-asym

Model 1—the potential influence of knee extensors on the COP path during standing with eyes opened. Model
2—the potential influence of knee flexors on the COP path during standing with eyes opened. Model 3—the
potential influence of knee extensors on the COP path during standing with eyes closed. Model 4—the potential
influence of knee flexors on the COP path during standing with eyes closed.

3. Results

Table 4 presents the mean, minimum, and maximum values, as well as standard
deviations, of all (general, clinical, and biomechanical) parameters for the control and
balance disorder groups and the results of statistical analyses of the data and the differences
between groups. The obtained results of the DHI (0.77 £ 1.97 for the control group and
32.23 % 13.29 for the balance disorder group), GDS (2.54 =+ 2.34 for the control group and
4.25 £ 3.58 for the balance disorder group), FES-I (7.81 £ 1.41 for the control group and
12.46 + 5.13 for the balance disorder group), and POMA (27.58 + 1.10 for the control group
and 23.35 £ 5.76 for the balance disorder group) tests, as well as Diff SMM (2.14 £ 2.31 for
the control group and 0.87 £ 2.26 for the balance disorder group), clearly distinguish the
groups from each other.
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Table 4. General, clinical, and biomechanical parameters of the control and balance disorder groups.

Total Control Group Balance Disorder Group 2 2
(n = 52) (n=26) (n =26) K E
» % 2%
3 3 P
@ @ [ ) = =l
§ £ 3 e c H £ % 2 a z g 5 a e H g
3 g £ = z g g 3 = z g g g = z = =
s n s s = n s s = = » &
r r r r r r
. Agelyears] 6758 5500 8200  7.30 0.28 6777 5500 7800 576 055 6738 5500 8200 868 057 008 085
g B"d}ﬁ(vg]e'gh‘ 7510 4700 9900 1342 032 7985 5500 9900 1328 017 7035 4700 9100 1201 026 030 0.009
)
c & ;
3E B"dﬂr}:]‘gh‘ 16392 15100 18700  8.80 003 16550 15100 18300 851 015 16235 15100 18700 898 054 099 020
P~
BMI[kg/m?] 2777 2000 3700 3.8 0.09 2000 2200 3700  3.79 011 2654 2000 3500 3.64 0003 074 002
DHI 17.50 0.00 5800 1934 <0001 077 000 600 197 <0001 3423 1000 5800 1329 <0001  <0.001 <0.001
—§  FESI 10.13 0.00 200 441 <0001 781 700 1200 141 <0001 1246 000 2200 513 008 <0001 <0.001
g3 GDS 336 0.00 1400 309 <0001 254 000 800 234 <0001 425 000 1400 358 022 0.20 0.04
£E  poma 2559 1000 2800 451 <0001 2758 2300 2800 110 <0001 2335 1000 2800 576 072  <0.001 0.002
U5 SMM kg 2694 1840 3920 547 0.01 2812 1970 3920 546 <0001 2572 1840 3850 530 0.2 0.61 0.12
Diff SMM 151 280 640 235 0.36 214 270 640 231 0.90 087  —280 440 226 006 087  0.04
[g‘g‘fﬁ‘é 10934 4107 19441 3461 088 10877 4107 17165 3272 092 10991 4743 19441 3706 0002 063 091
Ikin-ext-asym 0.12 0.00 038 010 0.002 0.14 000 038 010 0.11 0.11 000 037 009 003 052 027
[II{I“SEE] 14857 4435 3204 5332 008 14435 4435 26856 5059 093 15278 6856 32204 5661 002 079 057
Imetextasym 0.1 0.00 051 012 <0001 012 000 046 011 <0001 015 001 051 013 0007 029 0.62
[HI\}E’/ﬂfg] 5387 1935 10225 1767  0.10 5407 1935 8557 1590  0.69 5366 2794 10225 19.60  0.10 047 0.60
Ikin-flex-asym 013 0.00 052 011 <0001  0.09 000 029 008 0.01 016 000 052 013 026 0.07 0.033
[III\II‘I‘;“/%’Z‘] 6332 2560 12138 2250 0.2 6279 2560 10464 1916 099 6384 3277 12138 2579  0.04 020 0.69
~  Imetflex-asym  0.14 0.00 0.64 011 <0001 014 000 064 013 <0001 015 000 038 009 063 021 0.22
S ¢ copAmp
££ ML—EO 0.07 0.01 0.14 0.03 035 0.06 0.01 0.11 0.03 0.70 008 004 014 003 004 036 0.008
§E [mm/m]
& g COP Amp
S&  AP—EO 0.10 0.04 023 0.04 0.01 0.08 004 013 003 0.72 012 007 023 004 0005 010 <0.001
[mm/cm]
cop
path—EO 1.50 0.82 246 041 0.04 1.23 082 172 023 0.50 176 099 246 038 065 004  <0.001
[mm/cm]
COP Amy
ML—E 0.07 0.02 020 004 0.002 0.05 002 012 003 0.03 009 003 020 004 026 030 0.002
[mm/cm]
COP Amp
AP—EC 0.12 0.05 030 005 <0001  0.09 005 017 003 0.04 015 007 030 005 003 0.03 <0.001
[mm/cm]
COPpath—EC ) 79 0.80 3.65 058 0.04 1.46 080 217 036 0.82 212 107 365 058 063 004 <0001
[mm/cm]

BMI—Body Mass Index, Ikin—isokinetic, Imet—isometric, Ext—extensors, Flex—flexors, Asym—asymmetry,
COP—centre of pressure, Amp—amplitude, ML—mediolateral direction, AP—anteroposterior direction, EO—
eyes opened, and EC—eyes closed.

Table 5 presents the results of multiple regression for each of the assumed models. It

is visible that in the case of models 1b and 3b, constants describing muscle torques of knee

extensors generated in isokinetic conditions significantly influence the values of the COP path

obtained by the balance disorder group during both tests (with eyes opened and closed).

Table 5. Results of multiple regression for each of assumed models.

Unstandardized Standardized
Coefficients Coefficients  t-Value p
B STD Beta
Constant 1.302 0.173 7.521 <0.001
Ikin-ext
0.001 0.003 0.081 0.215 0.83
Model 1a [Nm/kg]
Ikin-ext-asym ~ 0.387 0.434 0.168 0.891 0.38
Imet-ext
—0.002 0.002 —0.405 —1.079 0.29
[Nm/kg]
Imet-ext-asym  0.667 0.383 0.327 1.739 0.10
Constant 1.727 0.289 5.971 <0.001
Ikin-ext
0.007 0.005 0.703 1.470 0.047
Model 1b [Nm/kg]
Ikin-ext-asym 0.941 0.934 0.224 1.007 0.03
Imet-ext
—0.005 0.003 —0.761 —1.589 0.13
[Nm/kg]
Imet-ext-asym  —0.499 0.640 -0.173 —0.780 0.44
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Table 5. Cont.
Unstandardized Standardized
Coefficients Coefficients  £-Value 14
B STD Beta
Constant 1.462 0.200 7.301 <0.001
Ikin-flex
—0. . —-0.372 —0. 41
Model 2a [Nm/kg] 0.005 0.006 0.3 0.838 0
Ikin-flex-asym 0.067 0.690 0.022 0.096 0.92
Imet-flex
0.001 0.005 0.054 0.122 0.904
[Nm/kg]
Imet-flex-asym  0.112 0.398 0.064 0.281 0.782
Constant 1.699 0.283 6.013 <0.001
Tkin-flex
—0.008 0.011 —0.404 —0.711 0.49
Model 2b [Nm/kg]
Ikin-flex-asym ~ —0.168 0.739 —0.056 -0.227 0.82
Imet-flex
0.005 0.009 0.344 0.597 0.56
[Nm/kg]
Imet-flex-asym 1.278 1.071 0.303 1.193 0.25
Constant 0.269 5.284 5.284 <0.001
Tkin-ext
0.004 0.649 0.248 0.649 0.52
Model 3a [Nm/kg]
Ikin-ext-asym  0.674 0.545 0.104 0.545 0.59
Imet-ext
0.003 —1.163 —0.442 —1.163 0.26
[Nm/kg]
Imet-ext-asym  0.595 2.051 0.391 2.051 0.05
Constant 1.847 0.398 4.642 <0.001
Ikin-ext
0.014 0.007 0.879 2.024 0.046
Model 3b [Nm/kg]
Ikin-ext-asym 2.810 1.286 0.442 2.185 0.04
Imet-ext
—0.009 0.004 —0.893 —2.053 0.05
[Nm/kg]
Imet-ext-asym  —0.960 0.881 —0.220 —1.091 0.29
Constant 1.924 0.310 6.207 <0.001
Ikin-flex
—0.002 0.010 —-0.101 —0.226 0.82
Model 4a [Nm/kg]
Ikin-flex-asym  —0.589 1.068 —-0.129 —0.551 0.59
Imet-flex
—0.004 0.008 —0.209 —0.467 0.65
[Nm/kg]
Imet-flex-asym  —0.268 0.616 —0.101 —0.435 0.67
Constant 1.824 0.425 4.290 <0.001
Ikin-flex
—0.004 0.017 —0.149 —0.264 0.79
Model 4b [Nm/kg]
Ikin-flex-asym 0.282 1.111 0.063 0.254 0.802
Imet-flex
0.003 0.013 0.148 0.259 0.80
[Nm/kg]
Imet-flex-asym 1.827 1.611 0.287 1.134 0.27

4. Discussion

As expected, the research confirmed significant differences between the people with

balance disorders and the control group regarding parameters such as the mean results of
the GDS, FES-I, and POMA. It confirms the results of other authors’ research that a worse
emotional state, a greater risk of recurrent falls, and fear of another fall characterize people

with dizziness, balance disorders, and a history of falls [51-54]. The relationship between

balance disorders and depressive disorders may be bidirectional. Significant differences
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determined for the GDS emphasize the possibility of the development of depression along
with the appearance of balance disorders or, conversely, the influence of depression on the
appearance of balance disorders, which is confirmed by the research conducted by Wang
et al. and Li et al. [55,56]. The studied groups differed significantly in terms of DHI scores,
which is evident because this was the criterion for distinguishing them.

Some authors suggested that SMM could be a parameter distinguishing people with
balance disorders from the reference group [57,58]. Although larger skeletal muscle mass
could be expected to be a protective factor against balance disorders, helping maintain
balance and preventing falls, interestingly, no statistical differences in SMM parameters
were found between the groups. The latest research by Arai et al. also confirmed that
SMM could not be a parameter distinguishing the group with balance disorders from the
reference group [59]. The research presented in this paper shows that it is not the absolute
mass of skeletal muscle (SMM), but rather the degree of its deficit/excess (calculated as
the difference between the expected muscle mass assessed using bioimpedance for a given
person and the actual muscle mass) may be an essential parameter in the diagnosis of the
risk of balance disorders.

In the case of biomechanical parameters, a statistically significant difference between
analyzed groups occurred for the ikin-flex-asym parameter, which suggests the potential
influence of asymmetry between the muscle torques developed by left and right knee
joint extensors in isokinetic conditions on balance disorders. Moreover, all determined
parameters characterizing the change in the COP also presented statistically significant
differences between both groups, which is widely confirmed in the literature, including in
studies conducted, among others, by Hewson et al. and Wisniowska-Szurlej et al. [60,61].
Additionally, Pizzigalli et al. indicated that the COP path length, the COP velocity, and the
range of sway in the AP and ML directions are the variables that distinguish older adult
fallers from non-fallers [62].

The results obtained for the defined multiple regression models confirm the observa-
tions of differences between both groups. Models 1b and 3b suggest the influence of the
muscle torques of the knee extensors and the asymmetry between the muscle torques de-
veloped by the knee joint extensors of the left and right lower extremities (both parameters
achieved in isokinetic conditions) on the length of the COP path. The muscle torques of
knee joint extensors obtained in isokinetic conditions may be an important parameter from
the point of view of diagnosing people with balance disorders.

5. Limitations of the Study and Future Directions

While the present study provides novel insights into the role of knee joint muscle torques
in maintaining balance among older adults, several limitations should be acknowledged.

Firstly, the study sample was recruited from a limited geographic area, which may
affect the generalisability of the findings. Future studies should include larger, more diverse
populations to confirm these results across different demographics.

Secondly, while the biomechanical measurements were standardized and performed
using validated equipment, factors such as participant fatigue, motivation, or comorbidi-
ties (e.g., osteoarthritis) could have influenced the muscle torque outputs or postural
control parameters.

Thirdly, the assessment of psychological variables, such as fear of falling and de-
pression, was based solely on questionnaire data. Including objective neurocognitive
assessments or vestibular function tests could enrich the clinical profile and provide further
insight into balance disorders.

Future research should explore intervention strategies targeting strength asymmetry
and evaluate its impact on postural stability and fall risk. Additionally, integrating wearable
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sensor technologies may offer more comprehensive and continuous monitoring of balance
and mobility in real-life conditions.

6. Conclusions

Balance disorders are associated with a worse emotional state, fear of falling, and a
greater risk of falling. While absolute muscle mass does not differentiate between people
with and without balance disorders, the predictive factor, in this case, was the difference
between the expected and actual muscle mass, indicating a potential deficit of muscle mass
in a given person.

Moreover, the obtained results proved that muscle torques of knee extensors could
be used to diagnose older patients with balance disorders, inspiring new directions
for rehabilitation.

Author Contributions: Conceptualization, PP. and S.P.,; methodology, PP, Z.B.W.,, and S.P,; software,
P.P; validation, P.P, £..M., M.S., Z.B.W., and S.P,; formal analysis, PP.,, Z.B.W., and S.P; investigation,
PP, EM., and P.Z.; resources, £.M., M.S., Z.B.W., and S.P; data curation, PP. and P.Z; writing—
original draft preparation, P.P.; writing—review and editing, PP, L. M., Z.B.W.,, and S.P; visualization,
P.P; supervision, Z.B.W. and S.P.; project administration, S.P.; funding acquisition, S.P. All authors
have read and agreed to the published version of the manuscript.

Funding: This research and APC was funded by the National Center for Research and Development,
as a part of the governmental “Accessibility Plus” programme competition entitled “Things are for
people’. Project: ‘Mechatronic device to assist in maintaining balance during locomotion with function
of recording gait kinematic parameters’, grant no. Rzeczy sa dla ludzi/0009/2020-00.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of the Medical University of Bialystok
(protocol code APK.002.330.2022, date of approval: 20 October 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The research was performed on the basis of bioethical committee approval
(no. APK.002.330.2022).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

The following abbreviations are used in this manuscript:

DHI Dizziness Handicap Inventory

GDS Geriatric Depression Scale

POMA Performance-Oriented Mobility Assessment

FRT Functional Reach Test

FES-1 Falls Efficacy Scale—International

SMM Skeletal muscle mass

Diff SMM  The difference between the obtained SMM value and its reference value
cor Centre of pressure

WHO World Health Organization

Tkin Isokinetic

Imet Isometric
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Ext Extensors

Flex Flexors

Asym Asymmetry

Amp Amplitude

ML Mediolateral direction
AP Anteroposterior direction
EO Eyes opened

EC Eyes closed

References

1. World Health Organisation. World Report on Ageing and Health; World Health Organization: Geneva, Switzerland, 2015.

2. World Health Organisation. Active Ageing: A Policy Framework; World Health Organization: Geneva, Switzerland, 2002.

3.  Crimmins, E.M. Lifespan and Healthspan: Past, Present, and Promise. Gerontologist 2015, 55, 901-911. [CrossRef]

4. World Health Organisation. Aging and Health; World Health Organization: Geneva, Switzerland, 2024.

5. Pang, L.; Liu, Y;; Shen, M,; Ye, ].; Chen, R.; Lan, Z.; Wu, Z.; Guo, Y.; Zhang, P. Influence of aging on deterioration of patients with
COVID-19. Aging 2020, 12, 26248-26262. [CrossRef] [PubMed]

6.  Quijoux, F; Vienne-Jumeau, A.; Bertin-Hugault, F.; Zawieja, P.; Lefevre, M.; Vidal, P.-P,; Ricard, D. Center of pressure displacement
characteristics differentiate fall risk in older people: A systematic review with meta-analysis. Ageing Res. Rev. 2020, 62, 101117.
[CrossRef]

7. Rubenstein, L.Z. Falls in older people: Epidemiology, risk factors and strategies for prevention. Age Ageing 2006, 35, ii37—ii41.
[CrossRef]

8. World Health Organisation. WHO Global Report on Falls Prevention in Older Age; World Health Organization: Geneva, Switzerland, 2007.

9. Mak, T.C.T;; Ng, S.S.M.; Leung, M.C.Y.; Wong, T.W.L. Examining the role of attention focus walking training on conscious motor
processing during rehabilitation by older adults at risk of falling: A randomized controlled trial. Arch. Gerontol. Geriatr. 2024,
121, 105352. [CrossRef]

10. Martinez, P.S.; Lord, S.R; Close, ].C.T.; Taylor, M.E. Associations between psychotropic and anti-dementia medication use and
falls in community-dwelling older adults with cognitive impairment. Arch. Gerontol. Geriatr. 2023, 114, 105105. [CrossRef]

11. Salari, N.; Darvishi, N.; Ahmadipanah, M.; Shohaimi, S.; Mohammadi, M. Global prevalence of falls in the older adults: A
comprehensive systematic review and meta-analysis. J. Orthop. Surg. Res. 2022, 17, 334. [CrossRef] [PubMed]

12.  Deshpande, N.; Metter, E.J.; Lauretani, F; Bandinelli, S.; Ferrucci, L. Interpreting fear of falling in the elderly: What do we need to
consider? J. Geriatr. Phys. Ther. 2009, 32, 91-96. [CrossRef] [PubMed]

13. Prabhakaran, K.; Gogna, S.; Pee, S.; Samson, D.J.; Con, J.; Latifi, R. Falling Again? Falls in Geriatric Adults-Risk Factors and
Outcomes Associated with Recidivism. J. Surg. Res. 2020, 247, 66-76. [CrossRef]

14. Petersen, N.; Konig, H.H.; Hajek, A. The link between falls, social isolation and loneliness: A systematic review. Arch. Gerontol.
Geriatr. 2020, 88, 104020. [CrossRef]

15. Meyer, M,; Constancias, E; Vogel, T.; Kaltenbach, G.; Schmitt, E. Gait Disorder among Elderly People, Psychomotor Disadaptation
Syndrome: Post-Fall Syndrome, Risk Factors and Follow-Up—A Cohort Study of 70 Patients. Gerontology 2021, 67, 17-24.
[CrossRef] [PubMed]

16. Pereira, C.L.; Vogelaere, P,; Baptista, F. Role of physical activity in the prevention of falls and their consequences in the elderly.
Eur. Rev. Aging Phys. Act. 2008, 5, 51-58. [CrossRef]

17. e, L; Ristic, B.; Stojadinovic, I; Ilic, M. Epidemiology of Hip Fractures Due to Falls. Medicina 2023, 59, 1528. [CrossRef] [PubMed]

18.  Bui, M.; Nijmeijer, W.S.; Hegeman, ].H.; Witteveen, A.; Groothuis-Oudshoorn, C.G.M. Systematic review and meta-analysis of
preoperative predictors for early mortality following hip fracture surgery. Osteoporos. Int. 2024, 35, 561-574. [CrossRef] [PubMed]

19. Chantanachai, T.; Sturnieks, D.L.; Lord, S.R.; Payne, N.; Webster, L.; Taylor, M.E. Risk factors for falls in older people with
cognitive impairment living in the community: Systematic review and meta-analysis. Ageing Res. Rev. 2021, 71, 101452. [CrossRef]

20. Tamaki, C.; Maul, K,; Talian, D.S.; Sparks, S. Deaf Individuals Who Report Having Good Balance Function Present with Significant
Vestibular Deficits. J. Am. Acad. Audiol. 2021, 32, 510-520. [CrossRef]

21. Canever, ].B.; Danielewicz, A.L.; Leopoldino, A.A.O.; Corseuil, M.W.; de Avelar, N.C.P. Gender differentiated score on the Falls
Efficacy Scale International (FES-I Brazil) to assess self-efficacy in falls in community-dwelling older adults. Aging Clin. Exp. Res.
2022, 34, 1341-1347. [CrossRef]

22.  Ferrer-Ramos, P.; Garnacho-Castafio, M.V.; Girabent-Farrés, M.; Faundez-Zanuy, M.; Serra-Pay4, N. Physical performance tests

for preliminary cognitive screening in older adults: A systematic review of strength, walking, and balance assessments. Arch.
Gerontol. Geriatr. 2025, 130, 105722. [CrossRef]


https://doi.org/10.1093/geront/gnv130
https://doi.org/10.18632/aging.202136
https://www.ncbi.nlm.nih.gov/pubmed/33232272
https://doi.org/10.1016/j.arr.2020.101117
https://doi.org/10.1093/ageing/afl084
https://doi.org/10.1016/j.archger.2024.105352
https://doi.org/10.1016/j.archger.2023.105105
https://doi.org/10.1186/s13018-022-03222-1
https://www.ncbi.nlm.nih.gov/pubmed/35765037
https://doi.org/10.1519/00139143-200932030-00002
https://www.ncbi.nlm.nih.gov/pubmed/20128332
https://doi.org/10.1016/j.jss.2019.10.041
https://doi.org/10.1016/j.archger.2020.104020
https://doi.org/10.1159/000511356
https://www.ncbi.nlm.nih.gov/pubmed/33254165
https://doi.org/10.1007/s11556-008-0031-8
https://doi.org/10.3390/medicina59091528
https://www.ncbi.nlm.nih.gov/pubmed/37763647
https://doi.org/10.1007/s00198-023-06942-0
https://www.ncbi.nlm.nih.gov/pubmed/37996546
https://doi.org/10.1016/j.arr.2021.101452
https://doi.org/10.1055/s-0041-1731732
https://doi.org/10.1007/s40520-021-02058-9
https://doi.org/10.1016/j.archger.2024.105722

J. Clin. Med. 2025, 14, 3251 14 of 15

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Magnuszewski, L.; Wojszel, A.; Kasiukiewicz, A.; Wojszel, Z.B. Falls at the geriatric hospital ward in the context of risk factors of
falling detected in a comprehensive geriatric assessment. Int. |. Environ. Res. Public Health 2022, 19, 10789. [CrossRef]

Omania, H.; Bezaire, K.; Brady, K.; Davies, J.; Louwagie, N.; Power, S.; Santin, S.; Hunter, S.W. Functional Reach Test, Single-Leg
Stance Test, and Tinetti Performance-Oriented Mobility Assessment for the Prediction of Falls in Older Adults: A Systematic
Review. Phys. Ther. 2021, 101, pzab173. [CrossRef]

Debruin, D.A.; Miksa, K.; Vogrin, S.; Duque, G.; Sales, M.; Hayes, A. Exploring new balance and gait factors that are associated
with osteosarcopenia in patients with a previous fall and/or fracture history. Arch. Gerontol. Geriatr. 2024, 117, 105221. [CrossRef]
[PubMed]

Lunt, E.; Ong, T.; Gordon, A.L.; Greenhaff, PL.; Gladman, ].R.E. The clinical usefulness of muscle mass and strength measures in
older people: A systematic review. Age Ageing 2021, 50, 88-95. [CrossRef] [PubMed]

Mehdizadeh, S.; van Ooteghem, K.; Gulka, H.; Nabavi, H.; Faieghi, M.; Taati, B.; Iaboni, A. A systematic review of center of
pressure measures to quantify gait changes in older adults. Exp. Gerontol. 2021, 143, 111170. [CrossRef]

Quijoux, F; Nicolai, A.; Chairi, I.; Bargiotas, I.; Ricard, D.; Yelnik, A.; Oudre, L.; Bertin-Hugault, F; Vidal, P.-P; Vayatis, N.; et al. A
review of center of pressure (COP) variables to quantify standing balance in elderly people: Algorithms and open-access code.
Physiol. Rep. 2021, 9, e15067. [CrossRef] [PubMed]

Richmond, S.B.; Fling, B.W.; Lee, H.; Peterson, D.S. The assessment of center of mass and center of pressure during quiet stance:
Current applications and future directions. J. Biomech. 2021, 123, 110485. [CrossRef]

Silva, J.; Atalaia, T.; Martins, R.; Aleixo, P. Centre of pressure kinematics during the Timed Up and Go test in elderly fallers and
non-fallers. Gait Posture 2022, 97, S315-S316. [CrossRef]

Gafner, S5.C.; Bastiaenen, C.H.G,; Ferrari, S.; Gold, G.; Trombetti, A.; Terrier, P.; Hilfiker, R.; Allet, L. The role of hip abductor
strength in identifying older persons at risk of falls: A diagnostic accuracy study. Clin. Interv. Aging 2020, 15, 645-654. [CrossRef]
Ko, S.; Jerome, G.J.; Simonsick, E.M.; Ferrucci, L. Investigating balance-related gait patterns and their relationship with maximum
torques generated by the hamstrings and quadriceps in older adults—Results from the Baltimore longitudinal study of aging.
Arch. Gerontol. Geriatr. 2024, 123, 105411. [CrossRef]

Kozing, Z.; Smajla, D.; Sarabon, N. Relationship between hip abductor strength, rate of torque development scaling factor and
medio-lateral stability in older adults. Gait Posture 2022, 95, 264-269. [CrossRef]

Lanza, M.B.; Arbuco, B.; Ryan, A.S.; Shipper, A.G.; Gray, V.L.; Addison, O. Systematic Review of the Importance of Hip Muscle
Strength, Activation, and Structure in Balance and Mobility Tasks. Arch. Phys. Med. Rehabil. 2022, 103, 1651-1662. [CrossRef]
Jacobson, G.P.; Newman, C.W. The development of the Dizziness Handicap Inventory. Arch. Otolaryngol. Head Neck Surg. 1990,
116, 424-427. [CrossRef] [PubMed]

Yesavage, J.A. Geriatric Depression Scale. Psychopharmacol. Bull. 1988, 24, 709-711. [PubMed]

Tinetti, M.E. Performance-oriented assessment of mobility problems in elderly patients. J. Am. Geriatr. Soc. 1986, 34, 119-126.
[CrossRef]

Kegelmeyer, D.A.; Kloos, A.D.; Thomas, K.M.; Kostyk, S.K. Reliability and validity of the Tinetti Mobility Test for individuals
with Parkinson disease. Phys. Ther. 2007, 87, 1369-1378. [CrossRef] [PubMed]

Maki, B.E.; Holliday, PJ.; Topper, AK. A prospective study of postural balance and risk of falling in an ambulatory and
independent elderly population. J. Gerontol. 1994, 49, M72-M84. [CrossRef]

Yang, C.; Mo, Y.; Cao, X.; Zhu, S.; Wang, X.; Wang, X. Reliability and validity of the Tinetti performance oriented mobility
assessment in Chinese community-dwelling older adults. Geriatr. Nurs. 2023, 53, 85-89. [CrossRef]

Sterke, C.S.; Huisman, S.L.; van Beeck, E.F.; Looman, C.W.N.; van der Cammen, T.J.M. Is the Tinetti Performance Oriented
Mobility Assessment (POMA) a feasible and valid predictor of short-term fall risk in nursing home residents with dementia? Int.
Psychogeriatr. 2010, 22, 254-263. [CrossRef]

Duncan, PW.; Weiner, D.K.; Chandler, J.; Studenski, S. Functional reach: A new clinical measure of balance. J. Gerontol. 1990, 45,
M192-M197. [CrossRef]

Hageman, P.A.; Leibowitz, ].M.; Blanke, D. Age and gender effects on postural control measures. Arch. Phys. Med. Rehabil. 1995,
76,961-965. [CrossRef]

Jonsson, E.; Henriksson, M.; Hirschfeld, H. Does the functional reach test reflect stability limits in elderly people? J. Rehabil. Med.
2003, 35, 26-30. [CrossRef]

Lin, M.-R.; Hwang, H.-F,; Hu, M.-H.; Wu, H.-D.I.; Wang, Y.-W.; Huang, F.-C. Psychometric comparisons of the timed up and go,
one-leg stand, functional reach, and Tinetti balance measures in community-dwelling older people. J. Am. Geriatr. Soc. 2004, 52,
1343-1348. [CrossRef] [PubMed]

Okumiya, K.; Matsubayashi, K.; Wada, T.; Kimura, S.; Doi, Y.; Ozawa, T. Effects of exercise on neurobehavioral function in
community-dwelling older people more than 75 years of age. J. Am. Geriatr. Soc. 1996, 44, 569-572. [CrossRef]

Weiner, D.K.; Bongiorni, D.R.; Studenski, S.A.; Duncan, PW.; Kochersberger, G.G. Does functional reach improve with rehabilita-
tion? Arch. Phys. Med. Rehabil. 1993, 74, 796-800. [CrossRef]


https://doi.org/10.3390/ijerph191710789
https://doi.org/10.1093/ptj/pzab173
https://doi.org/10.1016/j.archger.2023.105221
https://www.ncbi.nlm.nih.gov/pubmed/37832464
https://doi.org/10.1093/ageing/afaa123
https://www.ncbi.nlm.nih.gov/pubmed/32706848
https://doi.org/10.1016/j.exger.2020.111170
https://doi.org/10.14814/phy2.15067
https://www.ncbi.nlm.nih.gov/pubmed/34826208
https://doi.org/10.1016/j.jbiomech.2021.110485
https://doi.org/10.1016/j.gaitpost.2022.07.187
https://doi.org/10.2147/CIA.S246998
https://doi.org/10.1016/j.archger.2024.105411
https://doi.org/10.1016/j.gaitpost.2020.11.010
https://doi.org/10.1016/j.apmr.2021.12.008
https://doi.org/10.1001/archotol.1990.01870040046011
https://www.ncbi.nlm.nih.gov/pubmed/2317323
https://www.ncbi.nlm.nih.gov/pubmed/3249773
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
https://doi.org/10.2522/ptj.20070007
https://www.ncbi.nlm.nih.gov/pubmed/17684089
https://doi.org/10.1093/geronj/49.2.M72
https://doi.org/10.1016/j.gerinurse.2023.06.020
https://doi.org/10.1017/S1041610209991347
https://doi.org/10.1093/geronj/45.6.M192
https://doi.org/10.1016/S0003-9993(95)80075-1
https://doi.org/10.1080/16501970306099
https://doi.org/10.1111/j.1532-5415.2004.52366.x
https://www.ncbi.nlm.nih.gov/pubmed/15271124
https://doi.org/10.1111/j.1532-5415.1996.tb01444.x
https://doi.org/10.1016/0003-9993(93)90003-S

J. Clin. Med. 2025, 14, 3251 15 of 15

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kempen, G.L].M,; Yardley, L.; van Haastregt, ].C.M.; Zijlstra, G.A.R.; Beyer, N.; Hauer, K.; Todd, C. The Short FES-I: A shortened
version of the falls efficacy scale-international to assess fear of falling. Age Ageing 2008, 37, 45-50. [CrossRef] [PubMed]
Yardley, L.; Beyer, N.; Hauer, K.; Kempen, G.; Piot-Ziegler, C.; Todd, C. Development and initial validation of the Falls Efficacy
Scale-International (FES-I). Age Ageing 2005, 34, 614-619. [CrossRef] [PubMed]

Kempen, G.I; Todd, CJ.; van Haastregt, ].C.M.; Zijlstra, G.A.R.; Beyer, N.; Freiberger, E.; Hauer, K.A ; Piot-Ziegler, C.; Yardley, L.
Cross-cultural validation of the Falls Efficacy Scale International (FES-I) in older people: Results from Germany, the Netherlands
and the UK were satisfactory. Disabil. Rehabil. 2007, 29, 155-162. [CrossRef]

Avelino-Silva, T.].; Farfel, ].M.; Curiati, ].A.E.; Amaral, ].R.G.; Campora, E; Jacob-Filho, W. Comprehensive geriatric assessment
predicts mortality and adverse outcomes in hospitalized older adults. BMC Geriatr. 2014, 14, 129. [CrossRef]

Inouye, S.K.; Studenski, S.; Tinetti, M.E.; Kuchel, G.A. Geriatric syndromes: Clinical, research, and policy implications of a core
geriatric concept. . Am. Geriatr. Soc. 2007, 55, 780-791. [CrossRef]

Kopke, S.; Meyer, G. Der Tinetti-Test-Babylon im geriatrischen Assessment: Babylon in geriatric assessment. Z. Fiir Gerontol. Und
Geriatrie 2006, 39, 288-291. [CrossRef]

Milisen, K.; Staelens, N.; Schwendimann, R.; de Paepe, L.; Verhaeghe, J.; Braes, T.; Boonen, S.; Pelemans, W.; Kressig, RW.;
Dejaeger, E. Fall prediction in inpatients by bedside nurses using the St. Thomas’s Risk Assessment Tool in Falling Elderly
Inpatients (STRATIFY) instrument: A multicenter study. . Am. Geriatr. Soc. 2007, 55, 725-733. [CrossRef]

Li, Y;; Sun, X.; Hou, T.; Tang, S.; Szanton, S.L. Independent and synergistic effects of pain, insomnia, and depression on falls
among older adults: A longitudinal study. BMC Geriatr. 2020, 20, 491. [CrossRef]

Wang, Y.-C.; Lin, E-G.; Yu, C.-P; Tzeng, Y.-M.; Liang, C.-K.; Chang, Y.-W.; Chou, C.-C.; Chien, W.-C.; Kao, S. Depression as a
predictor of falls amongst institutionalized elders. Aging Ment. Health 2012, 16, 763-770. [CrossRef] [PubMed]

Reijnierse, E.M.; Verlaan, S.; Pham, V.K.; Lim, WK.; Meskers, C.G.M.; Maier, A.B. Lower Skeletal Muscle Mass at Admission
Independently Predicts Falls and Mortality 3 Months Post-discharge in Hospitalized Older Patients. |. Gerontol. A Biol. Sci. Med.
Sci. 2019, 74, 1650-1656. [CrossRef] [PubMed]

Szulc, P; Beck, T.J.; Marchand, F.; Delmas, P.D. Low skeletal muscle mass is associated with poor structural parameters of bone
and impaired balance in elderly men--the MINOS study. J. Bone Miner. Res. 2005, 20, 721-729. [CrossRef] [PubMed]

Arai, H.; Nozoe, M.; Kamiya, K.; Matsumoto, S.; Morimoto, T. Association Between Skeletal Muscle Mass Index and Falls in
Patients with Functional Impairment. Am. . Phys. Med. Rehabil. 2023, 102, 913-918. [CrossRef]

Hewson, D.J.; Singh, N.K.; Snoussi, H.; Duchene, J. Classification of Elderly as Fallers and Non-Fallers Using Centre of Pressure
Velocity. In Proceedings of the Annual International Conference of the IEEE Engineering in Medicine and Biology, Buenos Aires,
Argentina, 31 August—4 September 2010; pp. 3678-3681. [CrossRef]

Wisniowska-Szurlej, A.; Cwirlej-Sozariska, A.; Wilmowska-Pietruszyniska, A.; Sozariski, B. The Use of Static Posturography
Cut-Off Scores to Identify the Risk of Falling in Older Adults. Int. J. Environ. Res. Public Health 2022, 19, 6480. [CrossRef]
Pizzigalli, L.; Cremasco, M.M.; Mulasso, A.; Rainoldi, A. The contribution of postural balance analysis in older adult fallers: A
narrative review. J. Bodyw. Mov. Ther. 2016, 20, 409-417. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/ageing/afm157
https://www.ncbi.nlm.nih.gov/pubmed/18032400
https://doi.org/10.1093/ageing/afi196
https://www.ncbi.nlm.nih.gov/pubmed/16267188
https://doi.org/10.1080/09638280600747637
https://doi.org/10.1186/1471-2318-14-129
https://doi.org/10.1111/j.1532-5415.2007.01156.x
https://doi.org/10.1007/s00391-006-0398-y
https://doi.org/10.1111/j.1532-5415.2007.01151.x
https://doi.org/10.1186/s12877-020-01887-z
https://doi.org/10.1080/13607863.2012.678479
https://www.ncbi.nlm.nih.gov/pubmed/22548355
https://doi.org/10.1093/gerona/gly281
https://www.ncbi.nlm.nih.gov/pubmed/30551182
https://doi.org/10.1359/JBMR.041230
https://www.ncbi.nlm.nih.gov/pubmed/15824844
https://doi.org/10.1097/PHM.0000000000002249
https://doi.org/10.1109/IEMBS.2010.5627649
https://doi.org/10.3390/ijerph19116480
https://doi.org/10.1016/j.jbmt.2015.12.008

	Introduction 
	Materials and Methods 
	Study Design 
	Detailed Description of Study Procedures 

	Results 
	Discussion 
	Limitations of the Study and Future Directions 
	Conclusions 
	References

