£

and Public Health

International Journal of
Environmental Research

Article

The Influence of the Physiotherapeutic Program on Selected
Static and Dynamic Foot Indicators and the Balance of Elderly
Women Depending on the Ground Stability

Joanna Matla ', Katarzyna Filar-Mierzwa ', Anna Scistowska-Czarnecka !, Agnieszka Jankowicz-Szymariska 2

and Aneta Bac 1'*

check for

updates
Citation: Matla, J.; Filar-Mierzwa, K.;
Scistowska-Czarnecka, A.;
Jankowicz-Szymariska, A.; Bac, A.
The Influence of the
Physiotherapeutic Program on
Selected Static and Dynamic Foot
Indicators and the Balance of Elderly
Women Depending on the Ground
Stability. Int. ]. Environ. Res. Public
Health 2021, 18, 4660. https://
doi.org/10.3390/ijerph18094660

Academic Editor: Paul B. Tchounwou

Received: 16 March 2021
Accepted: 25 April 2021
Published: 27 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Faculty of Motor Rehabilitation, The Bronislaw Czech University of Physical Education, Jana Pawta I1 78,
31-571 Krakow, Poland; joanna.kus91@gmail.com (J.M.); katarzyna.filar@awf.krakow.pl (K.F.-M.);
anna.scislowska@awf krakow.pl (A.S.-C.)

Faculty of Health Science, University of Applied Science in Tarnow, ul. Mickiewicza 8, 33-100 Tarnow, Poland;
jankowiczszymanska@gmail.com

*  Correspondence: aneta.bac@awf krakow.pl; Tel.: +48-12-683-15-40

Abstract: Seniors are a constantly growing group of people in many societies. It is necessary to
develop physiotherapeutic programs to improve their mobility. The aim of this study was to assess
the impact of the physiotherapeutic program conducted unstable ground on selected indicators of
motor functions of elderly women. Sixty women (60-80 years) participated in the research. Group
A (N = 20) underwent a 12-week physiotherapeutic program on stable ground, group B (N = 20)
followed an exercise program on unstable ground, and group C (N = 20) (control group) had no
therapeutic intervention. The effects of the therapy were assessed by using a FreeMed platform
(foot load analysis) and a Biosway balance system. The results were compared using ANOVA (the
one-way analysis), the Kruskal-Wallis test and also the post hoc tests (Tukey’s test and the multiple
comparison test). In group A, a statistically significant change was observed in the static test and
balance assessment, in group B this was observed in the static and dynamic foot tests and balance
assessment, in group C, no statistical significance was achieved. The authors’ physiotherapeutic
program had a statistically significant effect on changes in the balance and selected indicators of the
motor functions of the examined people. Comparing the results before and after the therapy more
improvement changes were noted in women training on an unstable ground compared to women

training on a stable ground.

Keywords: seniors; physical activity; stable ground; unstable ground

1. Introduction

The effects of ageing populations and the related consequences are the subject of
research in many scientific disciplines [1]. Physiotherapy in geriatrics is a separate field
dealing with the influence of physical activity on the physical and mental health of the
elderly. Physiotherapeutic programs for seniors allow them to reduce functional limitations,
improve motor skills, and improve the quality of life. Therefore, it is necessary to promote
physical activity among the elderly in order to ensure a dignified and independent old
age [2].

The sedentary lifestyle in a society where the average lifespan is systematically increas-
ing is conducive to the occurrence of civilization diseases. Taking part in regular physical
activities has a positive effect on the elderly by improving their mood, health condition,
increasing their independence for everyday functioning, and in this way, improves the
quality of their lives [3].

The issue of the physical activity of seniors is a reason to search for an optimal training
program, ensuring physical independence on a daily basis, despite the passage of years [4,5].
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Institutional units, such as the World Health Organization, the Council of Europe, and
the national policy of the State, implement a number of recommendations regarding the
participation of seniors in physical activity. The proposed recommendations differ and do
not clearly indicate which forms of movement are best for seniors [6-8].

When creating a training program for seniors, a physiotherapist should focus on the
basic forms of movement (e.g., reaching for an object, picking up objects, standing on one
leg, walking, etc.) which positively influence the psychophysical health of the mentees. It
is recommended that every physiotherapeutic program used in geriatrics should include
exercises improving cardiovascular and respiratory efficiency (endurance exercises), as
well as resistance exercises involving the large muscle groups. Another component is
exercises improving flexibility, balance, and agility to prevent falls in the elderly. At the
conclusion of an exercise session, stretching exercises are recommended to allow the body
to cool down after training and make it more flexible [9].

In physiotherapy, elements of ground instability are introduced in order to increase the
efficiency of classic exercises after an injury or as a supplement to training. Devices such as
bosu balls, gymnastic balls, and sensory berets are most often used for this purpose. In the
case of seniors, the above-mentioned elements of ground instability should be introduced
to improve balance, which deteriorates with age, but they are not used throughout the
exercise cycle [10].

Currently, researchers pay a lot of attention to the training elements that should be
met to make the physical activity dedicated to seniors effective and safe. These include
frequency, duration, number of repetitions, type of exercise, position, and additional
equipment, among others [11,12]. However, the available literature on the subject does not
deal with the role of unstable ground in exercise programs intended for seniors.

To the best of our knowledge, our study is the first to analyze the effectiveness of the
authors’ rehabilitation program conducted on stable and unstable ground in comparison
to the control group, so our findings complements the current knowledge in the field
of physical activity intended for seniors. Consequently, the aim of the study was to
assess the impact of the physiotherapeutic program on stable ground in comparison
to physiotherapeutic program on unstable ground on selected static and dynamic foot
indicators and balance of elderly women. We hypothesized that exercises on unstable
ground have a greater impact on the improvement of selected static and dynamic foot
indicators and balance than exercises on a stable ground in elderly women.

2. Materials and Methods
2.1. Participants

Sixty women qualified for the study (see Figure 1). The participants were assigned
randomly by the first author to an experimental groups and a control group. Qualification
was based on simple randomization (a coin toss) and was carried out by the main author.
Patients assigned to the three groups of 20 patients each: first experimental group (A)
underwent a rehabilitation protocol that included exercises on the stable surface, the
second experimental group (B) underwent a rehabilitation protocol that included exercises
on the unstable surface. The third control group (C) had no intervention.

The inclusion criteria for the study were as follows: age between 60 and 80 years; con-
sent for participation in the study; no contraindications to physical activity; a mini-mental
state examination (MMSE) score of 27 or more (no cognitive impairment or dementia); and
(experimental groups only) a declaration of consistent participation in the rehabilitation
program. The exclusion criteria included: motor disability that prevents independent
activity; neurological diseases that cause balance and gait disorders; physical conditions
that prevent participation, such as severe respiratory or circulatory deficiency; contraindica-
tions to physical activity; an MMSE score of 26 or less (cognitive impairment or dementia);
discontinuation of the physiotherapy program during its duration; and participation in
another rehabilitation program.
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The examined women were in age from 60 to 80 years. The detailed characteristics of
the examined women are presented in Table 1.

Table 1. Morphological characteristics of the studied women.

Group A Group B Group C
X SD Min Max X SD Min Max X SD Min Max b
Age (years) 658 44 60 79 647 45 60 74 678 50 60 80 0.329

Body height (cm) 1563 44 149 163 1596 54 149 169 1576 48 148 165 0.614
Body weight (kg) 674 91 54 82 705 92 55 86 787 131 61 108 0.737
BMI (kg/m? 276 34 21 34 277 35 22 33 316 51 24 41 0.867

X—mean, SD—standard deviation, p-level of statistical significance.

The research project has been approved by the Bioethics Committee as study No.
126/KBL/OIL/2018. Furthermore, all women who applied to participate in the study were
informed about the medical considerations and provided informed consent for participation.

2.2. Methods

In order to determine the basic morphological indicators and the inclusion/exclusion
criteria, a single measurement of body weight and height was performed, and the level of
cognitive functions was determined using the MMSE scale for each woman participating
in the project.

All participants in the study were subjected to two assessments of the selected in-
dicators of motor functions: in the case of groups A and B, the first measurement took
place before the start of the physiotherapeutic program and the second after its completion
(12 weeks later). In control group C, two measurements were also made and the time
interval between them was 12 weeks.

Body height and weight test—body height was measured using a Martin-type anthro-
pometer (Seritex, New York, NY, USA) with an accuracy of 0.1 cm. The patient’s height
was measured from the top of the head (vertex) in the horizontal plane to the plantar plane
of the feet (basis). Body weight was determined using a Tanita scale (Tanita Corporation,
Tokyo, Japan) with an accuracy of 0.1 kg.

Cognitive ability test—the MMSE is a 30-item screening tool used to assess cognition
including orientation, attention, language, and memory. A patient receives a 0 or 1 score for
each question. The interpretation of the scale is as follows: scores of 30-27, normal; 26-24,
cognitive impairment; 23-19, mild dementia; 18-11, moderate dementia; 10-0, severe
dementia [13].

Static and dynamic foot load test—a comprehensive load analysis was performed
using a FreeMED platform (Sensor Medica, Rome, Italy), consisting of an active panel of
40 x 40 cm? (0.16 m?) which contained recording sensors, and additional passive panels of
2 x 100 cm?, constituting an extension of the active panel [14].

During the static tests on the FreeMed ground reaction force platform, the foot load
distribution was calculated. Each static test was performed in a free-standing position,
with the arms hanging freely beside the torso and feet parallel to each other, slightly apart,
and barefoot. The first measurement was a test measurement and the second was the
main measurement. The results of the tests included: individually for the right and left
feet—load (kg), maximum load (gr/cm?), average load (gr/cm?), load by regions—forefoot
and hindfoot (%).

During the dynamic tests on the FreeMed ground reaction force platform, selected
foot indicators during walking were calculated. During each dynamic test, the patient
was asked to walk on the measurement path 12 times at their own pace. Before the actual
measurement began, the patient walked on the path five times to prepare for the study.
The results of the measurements included: foot area [cm?], maximum foot load (gr/cm?),
average foot load (gr/cm?), foot load by region—forefoot and hindfoot (%), and duration
of the gait cycle taking into account the single and double support phases (ms).
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Balance test—the Biodex platform (Biosway, New York, NY, USA) is a device equipped
with an appropriately configured platform and monitor. It also includes a foam covering to
imitate unstable ground during one of the available tests.

Biosway can help to assess balance, as well as improve it through the included training
programs [15]. The platform offers three standardized testing protocols and six interactive
modes of training to match different problems and levels of fitness. The device provides
a repeatable and objectively reliable assessment of neuromuscular control and balance
on both stable and unstable ground. It can also help to evaluate treatment progress and
document the rehabilitation of patients with balance disorders. The device is simple
and convenient to use and is particularly recommended for assessing fall risk among
seniors and in post-amputation rehabilitation, post-injury orthopedic rehabilitation, sports
medicine programs, neuromuscular control disorders, and screening before and after head
injuries [15].

During the study on the Biosway platform three test were performed:

Postural Stability Test (PST)—which emphasizes a patient’s ability to maintain center
of balance (30 s). Under physiological conditions, information from the vestibular system,
the organ of vision and deep sensation receptors, located in muscles, joints, and skin, they
enable the correct orientation of the body in space and maintain the center of gravity (COG).
This applies to both position relative to the support surface and the limits of stability. The
theoretical limit of human posture stability is the surface, passing through the center of
gravity, whose shifts can cause a fall. Under normal conditions, the balance control system
provides a certain margin of stability, i.e., the optimal center of gravity position relative to
the limits of stability. The patient’s score on this test assesses deviations from center, thus a
lower score is more desirable than a higher score. The appropriate static scale was selected
based on each participant’s body height. Patient height is entered so that the patient’s
center of gravity (COG) can be estimated 55% of the patient’s height is used to calculate
the COG. Based on the COG height, the BioSway takes into account that the theoretical
angular excursion of the COG is different for different height people [16,17].

Limits of Stability—this test assesses a participant’s ability to maintain his or her center
of pressure outside the plane of support. The LOS for balance in a standing position are
determined based on the maximum angle at which a participant is able to tilt away from
the vertical position without losing balance. When LOS are exceeded, the participant either
falls or must engage in corrective strategies to prevent a fall, such as taking a step with
one leg or bending his or her knees. The test involved mobilizing the participant, to move
and control her center of pressure within the base of support while keeping her feet on the
ground. During each assessment, nine points were displayed on a screen. The participant
was asked to look at the monitor and shift her body weight to make the cursor move from
the center of the screen to a flashing point and back again as fast as possible [18].

Modified Clinical Test of Sensory Interaction and Balance (m-CTSIB)—the third test
performed on the Biosway platform was m-CTSIB, which assesses fall risk. The test is a
reliable method for assessing balance disorders and can also identify disorders related to
various systems engaged in postural control, i.e., visual control and the vestibular and
somatosensory systems. The results of the test correlate strongly with fall risk. In this study,
m-CTSIB was conducted once per participant. The test started after the participant took her
position on the platform and was informed about the course of the test, and the positions
of her feet were obtained (feet parallel). The test consisted of four parts, each lasting 30 s.
In the first part, participants held on a solid surface to assess their visual, vestibular, and
somatosensory control. In the second part, participants held a standing position with their
eyes closed to assess their vestibular and somatosensory control. The third part involved
holding a static position while standing on a dynamic surface with eyes open to assess the
interaction between the visual and somatosensory systems. The fourth part was performed
in the same manner as the third, except with eyes closed, to assess the interaction between
the somatosensory and vestibular systems [19].
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2.3. The Authors’ Rehabilitation Program

The rehabilitation program lasted 12 weeks and consisted of two 45-min sessions per
week. The program was identical for both experimental groups and the only difference was
the ground—stable for group A (hard floor); unstable for group B (10 cm thick rehabilitation
mattress). During the training, no additional equipment was used and all exercises were
based on the use of their own body weight. Each session was planned separately, exercises
in the sessions were not repeated and the senior women performed 25-30 rehabilitation
exercises during each session.

Each session consisted of three phases and during each phase all neck, torso, and
upper and lower limbs muscle groups were involved:

The first phase (approximately ten minutes) involved standing position exercises
aimed at preparing the body for effort in the main part of the training and protecting it
against possible injuries. Exercises in this phase consisted of slow circular movements,
starting with the head, through the upper limbs, the torso and ending with the lower limbs
and also marching, clapping, and stamping.

The main phase (approximately 25 min) involved lying, sitting, and standing position
exercises. In each position, the participants performed strength, balance, and coordination
exercises to achieve better functional fitness and improve their well-being. Each session
included a variety of exercises moving all muscle groups. Participants performed ten
repetitions of each symmetrical exercise and five repetitions of each asymmetric exercise
per side.

The last phase (approximately ten minutes) included lying, sitting, and standing
position exercises based on static stretching and respiratory exercises, the purpose of which
was to cool down after effort. Participants held each stretched position for 30 s as they
progressed through successive groups of muscles, starting from the head, through the
torso, towards the distal parts of the limbs.

2.4. Statistical Methods

Statistical analysis of the collected data was performed using Statistica v 13 software
(StatSoft, Hamburg, Germany). The consistency of distributions with the normal distri-
bution was verified with the Shapiro-Wilk test and the homogeneity of variance was
assessed with the Lavine F test. Descriptive statistics were calculated: arithmetic mean,
standard deviation, median, as well as the minimum and maximum values. To evaluate
differences in the results obtained before and after the applied therapy, the Student’s ¢-test
for dependent variables and, alternatively, the Wilcoxon signed-rank test were used. The
level of statistical significance was p < 0.05. The results obtained in the three studied groups
were compared using the one-way analysis of variance (ANOVA) and, alternatively, the
Kruskal-Wallis test. If the results obtained in the three groups were not equal, the analysis
was continued with the post hoc test, which was Tukey’s test in the case of the parametric
test, and the multiple comparison test in the case of the non-parametric test.

3. Results

Comparing the results of the selected indicators of the static test for the left foot,
statistically significant changes in the average load (gr/cm?) were observed in both studied
groups. In group C, none of the analyzed indicators of the static test were statistically
significant in relation to the time before and after therapy. As for intergroup comparisons,
a statistically significant change was observed in the forefoot load (%) between the group
exercising on unstable ground (B) and the control group (C) before the applied therapy
(see Table 2).

In the case of the right foot, statistically significant differences for selected indicators
of the static test were observed only in relation to the average load (gr/cm?) in the group
exercising on unstable ground (B). In both group A (exercising on stable ground) and
group C (control group), none of the analyzed indicators of the static test were statistically
significant in relation to the time before and after therapy. As for intergroup comparisons,
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statistically significant differences were observed in the load (kg) between groups A and C,
both before and after the applied therapy (see Table 3).

Table 2. Differences between selected left foot static indicators in the individual groups before and after therapy.

Before Therapy

After Therapy

Between Measurements

Left Foot Group Comparison
X Me Min Max SD X Me Min Max SD
A 3535 35.00 23.00 48.00 6.8 3560 3500 28.00 47.00 626 p=0717
Load (kg) B 3700 3650 25.00 49.00 639 3590 37.00 26.00 4500 5.51 p=0.163
C 4050 3550 26.00 83.00 1250 4290 3650 24.00 79.00 15.00 p = 0.489
Between groups AChZ 0696 AChZ 0584
comparison B-C p = 1.000 B-C p = 0.634
A 917.35 898.00 683.00 1452.00177.03 930.25 926.50 701.00 1212.00117.77 p=0232
l}/lg?ir’;clr‘;%? B 868.90 845.00 724.00 1100.00103.35 898.90 878.50 734.00 1153.00114.19 p=0262
C 969.95 952.50 686.00 1480.00220.65 927.65 942.00 680.00 1237.00165.69 p = 0.489
Betyceen groups AChZ 1000 ACh= 1000
B-C p = 0.489 B-C p = 1.000
Average A 410.20 405.00 315.00 544.00 52.40 432.60 437.50 338.00 538.00 55.03 p=0.019 *
load B 390.85 389.00 295.00 469.00 51.74 408.40 401.00 319.00 511.00 57.36 p=0.022%
(gr/cm?) C 430.40 401.00 283.00 689.00 98.91 422.35 410.50 319.00 635.00 87.77 p = 0.856
Between groups AChZ 1000 AChZ 0706
parison B-C p =0.925 B-C p = 1.000
A 2175 2300 1200 31.00 577 2295 23.00 1400 3400 456 p=0.687
fg;gf?% B 2755 2550 19.00 43.00 6.61 2575 2500 1400 41.00 7.06 p=0178
2140 2050 11.00 3400 6.51 2375 24.00 1200 38.00 7.11 p=0.071
ety s S TR
parison B-C p = 0.020 * B-C p = 1.000
A 2995 2950 17.00 44.00 693 29.60 29.00 15.00 42.00 5.40 p=0333
Ifgggf((}o)t B 2535 2650 1400 41.00 7.94 2575 2650 13.00 37.00 6.24 p=0811
3000 2850 15.00 5400 7.97 29.00 27.00 18.00 43.00 7.36 p=0.704
ety g SIRE IRt
comparison B-Cp=0371 B-Cp=0.796

X—mean, Me—median, SD—standard deviation, p—level of the statistical significance, *—significantly different (p < 0.05).

Comparing the results of the selected indicators of the dynamic test for the left foot,
statistically significant changes in the area (cm?), forefoot and hindfoot loads (%) as well
as single and double support (ms) and gait cycle (ms) were only observed in the group
exercising on unstable ground (B). In both group A (exercising on stable ground) and group
C, none of the analyzed indicators of the dynamic test for the left foot were statistically sig-
nificant in relation to the time before and after therapy. As regards intergroup comparisons,
statistically significant differences were observed in the maximum load (gr/cm?) between
groups A and C after the applied therapy, in the average load (gr/cm?) between groups A
and C both before and after therapy, and between groups A and B after therapy. The last
statistically significant change between the groups was observed in double support (ms)
between groups A and B before therapy (see Table 4).
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Table 3. Differences between selected right foot static indicators in the individual groups before and after therapy.

Between Measurements

Before Therapy After Therapy

Right Foot Group Comparison
X Me Min Max SD X Me Min Max SD

A 3225 31.00 2500 44.00 514 31.80 3250 25.00 41.00 4.39 p =0.906

Load (kg) B 3335 33.00 21.00 49.00 7.09 3410 3350 23.00 51.00 7.27 p=0332

C 3750 39.00 11.00 53.00 928 3770 37.00 19.00 5800 9.60 p=0.728
E— o o
comparison B-C p =0.139 B-C p = 0.409

A 924.00 919.00 673.00 1458.00185.78 927.40 905.00 701.00 1233.00141.46 p =0.907

1\(/;);:;3? 858.05 821.50 733.00 1091.00102.09 889.10 883.50 670.00 1148.00135.62 p=0.247

916.70 890.50 439.00 1392.00242.13 882.40 873.50 682.00 1355.00180.16 p=0.455
Beten groups ACh=10m ACp= 077
B-C p = 1.000 B-C p = 1.000

Average 399.30 396.00 306.00 608.00 67.71 411.85 388.00 352.00 518.00 56.25 p=0.185

load B 387.40 376.50 306.00 512.00 56.86 416.05 40550 251.00 548.00 74.54 p=0.032*

(gr/cm?) C 419.95 411.50 230.00 608.00 92.20 391.10 396.00 259.00 574.00 76.81 p=0.104
Beten groups ACh=1o00 ACh=100
B-C p = 0.610 B-Cp=0.675

A 1940 20.00 7.00 30.00 630 1940 20.00 10.00 30.00 5.04 p =1.000

fg;sf?;’; B 2315 2350 10.00 44.00 877 23.05 21.50 10.00 40.00 7.33 p=0.948

2015 2050 5000 29.00 6.18 2090 2250 5.00 31.00 7.40 p=0529
Betwen groups ACh=1o0 ACpooms
B-C p = 1.000 B-C p = 1.000

A 29.00 28.00 17.00 4200 6.68 2815 28.00 18.00 40.00 5.98 p=0522

%;‘gf((’/o)t B 2440 2500 9.00 3600 744 2545 2950 1300 3500 8.08 p =0.496

2825 3000 7.00 4200 847 2635 27.00 1400 43.00 7.36 p=0175
Beten groups Ach-o0ms ACh=100
B-C p = 1.000 B-C p = 1.000

Xx—mean, Me—median, SD—standard deviation, p—level of the statistical significance, *—significantly different (p < 0.05).

Comparing the results of the selected indicators of the dynamic test for the right foot,
statistically significant changes were observed in all indicators in the group exercising
on unstable ground (B). In group A, statistically significant changes were only observed
in forefoot and hindfoot loads (%). No statistically significant changes were observed in
group C. As regards intergroup comparisons, statistically significant differences were only
found in the average load (gr/cm?) after therapy between groups A and B as well as A and
C (see Table 5).
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Table 4. Differences between selected left foot dynamic indicators in individual groups before and after therapy.

Between Measurements

Before Thera After Thera .
Left Foot Group py py Comparison
X Me Min Max SD X Me Min Max SD
A 108.40 108.50 90.00 139.00 1245 111.75 109.50 93.00 134.00 11.51 p = 0.140
Area (cm?) B 113.65 114.50 85.00 137.00 15.43 109.10 109.00 88.00 134.00 13.04 p=0.021*
C 114.85 113.50 89.00 139.00 12.63 112.25 110.00 86.00 146.00 15.58 p=0.478
A-Bp=0536 A-Bp=1.000
Befween groups A-Cp=0268 A-Cp=1.000
p B-C p =1.000 B-Cp=1.000
A 2648.202526.002100.003744.00441.17 2564.652552.002315.003028.00192.77 p=0.881
1\(4;’%11‘;3‘; B 2779.052802.001952.003788.00461.19 2948.802820.002192.005084.00717.82 p=0.232
2865.902782.001764.003596.00457.31 3027.802952.001956.005636.00728.22 p=0.985
A-Bp=0964 A-Bp=0.091
Befween groups A-Cp=0.161 A-Cp=0.007 *
p B-C p = 1.000 B-C'p = 1.000
Average A 945.45 953.50 676.00 1140.00125.15 937.95 936.00 821.00 1039.0069.57 p=0.754
load B 1055.101030.50844.00 1280.00142.98 1094.401072.00857.00 1403.00169.72 p=0.157
2
(gr/em?) C 1084.801049.50741.00 1516.00194.91 1142.901163.00705.00 1458.00194.87 p=0.147
A-Bp=0.100 A-Bp=0.010
Befween groups A-Cp=0.04* A-C p <0.001*
compariso B-C p = 1.000 B-C'p = 1.000
A 5735 5750 42.00 7400 7.86 60.60 61.00 52.00 69.00 4.83 p =0.098
fg;gf?% B 56.75 5750 42.00 68.00 590 6175 6250 40.00 72.00 7.60 p=0017*
5745 5850 4500 68.00 7.13 5925 60.00 47.00 69.00 5.35 p=0363
A-Bp=1.000 A-Bp=1.000
Befween groups A-C p =1.000 A-C p =1.000
compariso B-C p =1.000 B-Cp=0.442
A 4265 4250 2600 58.00 7.86 39.40 39.00 31.00 48.00 4.83 p =0.098
I;gggf(gO; B 4330 4250 3200 58.00 592 3825 3750 28.00 60.00 7.60 p=0016*
4255 4150 3200 55.00 7.3 4075 40.00 31.00 53.00 5.35 p =0.363
A-Bp=1.000 A-Bp=1.000
Befween groups A-C p =1.000 A-C p =1.000
compariso B-C p = 1.000 B-C p=0.442
A 439.70 447.50 352.00 531.00 53.85 448.85 459.00 342.00 528.00 48.31 p = 0.455
. Slgﬁl‘(?ms) B 486.95 483.00 364.00 603.00 68.51 468.35 465.50 351.00 592.00 65.13 p <0.001
PP C 490.85 467.50 406.00 695.00 83.5 462.65 456.00 131.00 661.00 112.7 p=0.156
A-Bp=0.094 A-Bp=1.000
Befween groups A-Cp=0.184 A-C p =1.000
p B-C p =1.000 B-Cp=1.000
A 110.65 107.50 73.00 144.00 1623 114.95 117.50 48.00 140.00 21.02 p = 0.089
sug)o‘il?l(fn 5 B 125.65 124.50 86.00 163.00 2227 121.00 121.50 83.00 156.00 20.61 p <0.001
C 124.00 121.00 88.0 159.00 18.72 12525 122.00 102.0 169.00 17.74 p=0.681
A-Bp=0.047* A-Bp=1.000
Befween groups A-Cp=0.085 A-Cp=0761
p B-C p = 1.000 B-C p = 1.000
A 688.65 694.50 548.00 878.00 90.67 687.90 696.00 506.00 918.00 88.79 p =0.985
Ga&fg;de B 734.00 726.00 606.00 839.00 64.20 706.35 701.00 545.00 880.00 97.07 p=0.085
C 719.35 684.00 607.00 985.00 1062 726.70 695.50 551.00 997.00 119.4 p =0.940
A-Bp=0234 A-Bp=1.000
Befween groups A-C p =1.000 A-C p =1.000
p B-C p = 0.614 B-C p = 1.000

X—mean, Me—median, SD—standard deviation, p—level of the statistical significance, *—significantly different (p < 0.05).
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Table 5. Differences between selected right foot dynamic indicators in the individual groups before and after therapy.

Between Measurements

Right Foot Group Before Therapy After Therapy Comparison
X Me Min Max SD X Me Min Max SD
A 111.85 114.00 63.00 143.00 15.84 113.05 113.00 96.00 139.00 11.48 p=0.672
Area (cm?) B 112.60 113.00 83.00 139.00 14.29 107.20 110.00 88.00 141.00 12.70 p=0.021"*
C 113.65 112.00 88.00 137.00 13.12 114.40 113.00 90.00 140.00 15.77 p=0.532
Betwveen groups AChZ 1000 ACh =000
B-C p = 1.000 B-C p = 0342
A 2475.402510.001660.003160.00384.45 2621.152493.502044.003824.00437.25 p=0.156
1\(/Igar)>clr?1%()i B 2651.102622.001564.003348.00462.62 2915.402812.002368.004180.00458.33 p=0.034*
2901.902648.002100.005408.00743.20 2703.802724.002204.003500.00380.25 p=0.313
Betyveen groups ACh =008 ACh= 2000
B-C p = 1.000 B-C p = 0361
Average A 941.65 931.50 703.00 1214.00123.73 920.10 931.50 710.00 1169.00111.13 p=0415
load B 1004.8 1002.0 704.00 1288.00150.56 1109.3 1132.5 776.00 1422.00175.41 p =0.006 *
(gr/cmz) C 1075.3 1017.0 822.00 1512.00196.80 1073.7 1062.0 753.00 1434.00198.94 p=0.970
_ - _ _ %
Betuveen groups ACh = 0068 ACh 00090
B-C p = 1.000 B-C'p = 1.000
A 55.75 54.00 43.00 79.00 8.82 60.85 63.00 49.00 69.00 6.62 p=0.011*
fg;gfgz‘; B 52.75 53.00 31.00 66.00 1030 59.85 61.00 46.00 69.00 6.70 p=0.002*
57.15 57.50 43.00 70.00 8.09 60.50 60.00 50.00 72.00 5.78 p =0.054
Between groups A-Ch =100 A-Ch = 1000
parison B-C p=0.581 B-C p =1.000
A 4425 46.00 21.00 5700 8.82 38.65 36.50 27.00 51.00 7.15 p =0.009 *
Iig:éjf((g/g)t B 4725 47.00 34.00 69.00 1030 40.15 39.00 31.00 54.00 6.70 p=0.003 *
42.85 4250 30.00 57.00 8.09 39.50 40.00 28.00 50.00 5.78 p =0.054
Betyeen groups ACh 1000 ACh 21000
B-Cp=0.581 B-Cp =1.000
A 485.65 455.00 353.00 895.00 122.45 475.20 446.00 346.00 747.00 93.07 p =0.765
Supspif)lI%rkEms) B 479.05 477.50 374.00 597.00 57.795 462.00 455.00 361.00 605.00 59.986 p <0.001 *
C 489.15 490.50 388.00 644.00 74.217 475.80 486.50 253.00 629.00 94.154 p=0444
Betuveen groups Ach =075 ACh 21000
B-C p = 1.000 B-C p = 1.000
A 125.45 122.00 86.00 175.0 23.17 127.00 121.50 94.00 191.0 21.89 p=0.720
Sug)‘)o‘;‘t’l(fn ) B 125.65 122.00 104.00 1540 16339 120.80 120.50 93.00 147.0 15900 p <0.001 *
C 126.35 127.50 97.00 156.00 16.20 127.55 127.00 96.00 174.00 22.05 p=0.730
Between groups A-Ch=1000 A-Ch = 1000
comparison B-C p = 1.000 B-C p = 0.957
A 718.95 688.50 540.00 957.0 117.16 727.95 691.50 533.00 1114.0 133.94 p=0.822
Gagrfs};de B 753.05 739.50 621.00 1061.0 97.246 700.45 697.50 547.00 913.0 91.158 p =0.009 *
C 717.45 719.50 587.00 933.00 89.31 689.95 717.00 49.00 978.00 187.06 p=0910

Between groups
comparison

A-Bp =0.675
A-Cp =1.000
B-C p = 0.874

A-B p = 1.000
A—Cp =1.000
B-C p = 1.000

Xx—mean, Me—median, SD—standard deviation, p—level of the statistical significance, *—significantly different (p < 0.05).
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In the balance test, the postural stability test (PST) results obtained for the individual
groups did not differ significantly between two consecutive measurements in any of the
studied groups. The limits of stability (LOS) only differed statistically significantly in the
measurements before and after therapy in group B (p = 0.005). In the case of intergroup
comparisons, they only differed after therapy between groups A and C as well as B and C.

In the modified clinical test of sensory interaction and balance (CTSIB), statistically
significant results in two consecutive measurements were obtained in the test with the
eyes open on hard ground in group B and in the test with the eyes open on soft ground in
groups A and B. As for intergroup comparisons in this test, significant differences were
obtained in the test with the eyes open on hard ground between groups B and C before
therapy and in the test with the eyes open on soft ground between groups A and C after
therapy (see Table 6).

Table 6. Comparison of the balance test results in the studied groups before and after therapy.

Between Measurements

Before Thera After Thera .
Variable Group Py Py Comparison
X Me Min Max SD X Me Min Max SD
Postural A 052 050 030 100 018 049 040 030 090 0.16 p = 0.489
Stability Test B 055 050 030 100 022 050 045 020 130 0.26 p=0272
(PST) C 058 050 020 110 023 061 060 030 150 026 p=0.281
A-Bp=1.000 A-Bp=1.00
Befween groups A-Cp =1.000 A-Cp=0.285
p B-C p = 1.000 B-C p = 0.446
Limits of A 4070 4200 16.00 62.00 12.00 4725 4500 23.00 69.00 12.04 p=0.415
Stability B 4325 42.00 26.00 69.00 1052 32.60 3150 7.00 61.00 12.98 p = 0.005*
(LOS %) C 39.45 4150 21.00 5400 990 3435 3500 20.00 49.00 8.00 p=0.480
A-Bp=0939 A-Bp=0443
Befween groups A-Cp = 0082 A-Cp=0023*
compariso B-Cp=0.162 B-C p < 0.001*
A 073 063 050 178 030 058 058 037 112 0.17 p=0.151
Eyes open B 072 069 039 110 020 068 061 032 119 026 p = 0.006 *
hard ground
C 072 073 041 117 022 074 063 039 141 026 p=0.765
A-B p=0.651 A-Bp=0.998
Befween groups A-Cp = 0651 A-Cp=0122
compariso B-Cp <0.001* B-Cp=0.843
A 083 080 041 187 035 079 072 039 179 030 p=0.261
Eyes closed B 076 069 037 163 028 076 079 029 156 029 p=0.075
hard ground
C 084 082 045 123 020 08 081 046 189 032 p=0.845
A-Bp=1.000 A-Bp=1.000
Between groups A-Cp=1.000 A-Cp=0906
comparison B-C p = 0.409 B-C p=0.831
A 144 138 100 188 022 111 113 063 151 022 p <0.001 *
Eyes open B 144 137 101 191 031 125 120 091 176 026 p=0.003 *
soft ground
C 158 156 096 293 043 156 148 080 251 0.50 p=0.881
A-Bp=1.000 A-Bp=0554
Befween groups A-C p =1.000 A-C p=0.005 *
P B-C p = 0.874 B-Cp =0.208
A 281 278 196 359 042 261 263 173 349 050 p = 0.094
Eyes closed B 263 270 169 329 040 240 243 169 332 049 p=0.068
hard ground
C 293 279 174 424 072 267 28 177 371 059 p=0.108
A-Bp=0576 A-Bp=0554
Befween groups A-C p =1.000 A-C p =1.000
p B-C p =0.510 B-C p =0.342

Xx—mean, Me—median, SD—standard deviation, p—level of the statistical significance, *—significantly different (p < 0.05).
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4. Discussion

The static test for the musculoskeletal system is a valuable diagnostic tool that can
be used to check the quantitative load indicators of the lower limbs in the elderly. The
static function of the foot enables proper support and balance of the body in a spatial
position [20]. According to Parcou [21], involutional changes in the feet are more common
in women and take the form of deformities of the toe and metatarsal bones, translating
into static-dynamic failure of the plantar surface of the foot with progressive overload of
the forefoot. The study conducted by Puszczalowska-Lizis [22] on foot loads in geriatric
women has shown that involutional changes progress to a similar degree in the right and
left feet. However, there are no reports in the literature on the influence of physical activity
on changes in foot load in the statics of elderly people. In our study, these changes were
analyzed in relation to the type of ground and the therapy used. It was shown that the
applied therapy only improved the scope of the average load on both feet in people training
on unstable ground and improved the same index in the left foot in people training on
stable ground.

Dynamic gait analysis in adults, measured by the pressure of the feet on the ground,
provides valuable information on existing disorders, and is helpful in the further diagnosis
and treatment of abnormalities [23]. After the age of 65, the process of gait automation
deteriorates due to changes in the functioning of the nervous system. The feedback
synchronization between the work of the skeletal muscles and the central nervous system
is weakened, leading to an imbalance in gait [24]. Takehiko et al. [25] have presented
prospective studies on changes in selected gait indicators and the risk of disability in
people over 65 years of age. They have shown that as the gait cycle lengthens, the level of
disability increases in the following years. They have also confirmed the beneficial effect of
physical activity on the improvement of gait time indicators in the elderly. Kwon et al. [26]
have assessed the risk of falling in elderly people based on dynamic gait analysis. The
researchers have compared the gait pattern of people who have fallen and those who have
never fallen. They have shown that in people after a fall, the duration of the double-support
phase is extended in favor of shortening the swing phase with a simultaneous increase in
the maximum load on the supporting foot. However, there are no reports in the available
literature on the influence of physical activity on changes in foot load during walking
in the elderly in relation to ground stability. Our study completes this gap, pointing to
statistically significant differences in the duration of the single- and double-support phases
in the group training on unstable ground (B) for both feet. In each of the phases mentioned
in this group, the duration of the phases was shortened. In the remaining groups, these
indicators did not improve significantly.

Foot load during walking is another dynamic indicator that should be considered
for the elderly. Hessert et al. [27] examined the forces of pressure on the ground in
elderly people. During the foot transfer phase, they observed a significant load on the
lateral edge of the foot, which resulted in imbalance due to the reduced rebound force.
Gimunova et al. [28] compared foot load during walking, taking account of sex and age
groups: 60-69 years and 70-79 years. Among women, regardless of age, they found
significantly higher foot load values in the forefoot area than in that of the hindfoot.
However, as in the case of static foot loading, in the field of dynamic foot loading, the
available literature also lacks reports analyzing changes in these indicators under the
influence of a therapeutic program in relation to ground stability. Our study shows such
dependencies. The most statistically significant changes in dynamic indicators were noted
in the group training on unstable ground (B) in relation to the other groups. A greater
percentage of these changes concerned the right foot. In the group exercising on stable
ground, a statistically significant change was only observed in the forefoot load distribution
in relation to the hindfoot in the right foot, while in the control group no statistically
significant changes were observed.

In the case of the elderly, special attention should be paid to the balance control system.
It determines the spatial position of the general center of gravity of the body with the
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help of the eyes, the vestibular system, and proprioceptors [29]. An interesting study
was presented by Sample et al. [30] who analyzed the results of anterior—posterior and
medial-lateral deflections in two groups of seniors (150 people). The researchers examined
how the type of activity undertaken influenced the results of balance measurements in
people who had fallen within the previous 12 months and those who had not had such an
incident. The results confirmed greater balance control in people who had not yet fallen.
They also showed an interesting dependence of the reduction in the level of imbalance
in the case of combining motor and cognitive activities. Maixnerova et al. [31] assessed
balance in seniors training with the use of the Nintendo Wii system and compared the
results with those who did not train. Importantly, they paid attention to how eyesight was
used to control balance. Improvement in the results was noted for both open and closed
eyes, with a medium change for open eyes, and small for closed eyes. The control group,
without therapeutic intervention, did not obtain a significant change in the assessment
of balance compared to the training group. Pluchino et al. [32] assessed the effects in the
elderly of eight weeks of Tai Chi training and home balance training with video games. The
researchers did not find any significant differences in balance control between the studied
groups and identified the anterior—posterior direction as the most disturbed in balance
control in seniors. In our study, a statistically significant improvement was only obtained
in relation to the movement direction control indicator, and only in the group exercising
on unstable ground (B). In our study, the measurement of balance in relation to the eyes
showed a significant statistical improvement in the test on hard ground with the eyes
open for people training on unstable ground (B) and on soft ground for people training on
stable or unstable ground (A and B). As regards the measurement with the eyes closed, no
statistically significant differences were found in any of the groups. In the control group
(C), no statistically significant changes were observed for any of the indicators tested.

A properly selected form of movement increases interest in exercise and encourages
the elderly to continue their activity. Mobily [33] conducted a cohort study on a group
of 1103 seniors to see what guided the elderly when choosing exercises and what factor
determined their continuation. People who maintained physical activity at the level of five
sessions a week after the end of the study chose moderate-intensity exercises, taking several
forms of movement into account. It turned out to be important to perform the same activity
in different spaces. Josephsons et al. [34] took into account the forms of physical activity
intended for seniors and assessed the level of change in the studied groups depending on
the type of exercise. People participating in the project were assigned to three groups: the
first performed traditional strength training without equipment, the second underwent
training enriched with elements of functional training using additional accessories, and
the third was a control group who did not train. The researchers showed that the greater
improvement in the assessment of the measured indicators concerned the group with
elements of functional training using additional equipment. Souza et al. [35] noted the
benefits of physical activity in the elderly. They emphasized the importance of changes in
the psychophysical indicators under the influence of exercise in relation to people of the
same age. The researchers proposed assessing the effects of therapy at individual stages of
ageing due to discrepancies arising in the overall assessment of the entire population of
people over 60 years of age.

Our findings supported the hypothesis that exercises on unstable ground have a
greater impact on the improvement of selected static and dynamic foot indicators and
balance than exercises on a stable ground in elderly women. Obtaining a significant im-
provement in some balance indicators and static indicators and the lack of any statistically
significant changes in the control group confirm that the physical activity of the elderly
has a positive effect on improvements in their physical performance, and the additional
element, which is unstable ground, makes it possible to achieve even better results.

The beneficial influence of physical activity on the elderly is indisputable; however,
the question of what the optimal training program is remains open. It is crucial to develop
exercises that will encourage seniors to participate in training and achieve satisfactory
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results at the psychomotor level, which will translate into an improvement in the quality
of life.

5. Study Limitation

This study is not without limitations. Increasing the frequency of training would be
good guidelines for the future studies. Furthermore, all participants of this study lived in
a large city, meaning that women from small cities or villages were not included. This is
important due to the fact that a rural lifestyle is slightly different to an urban lifestyle, and
that a larger-scale study could bring a broader insight into the subject matter. Moreover,
sample size was technically and organizationally limited: access to people who have
responded positively to the invitation to participate in the research and met the inclusion
criteria; limited funds that the authors of the project could allocate for research (the project
was entirely financed from the authors” own funds); lack of literature data that would make
it possible to calculate the required sample size at the research planning stage.

6. Conclusions

The authors’ physiotherapeutic program had a significant impact on changes in
selected indicators of the motor functions of the examined people., Comparing the results
before and after the therapy more improvement changes were noted in women training
on an unstable ground compared to women training on a stable ground, particularly with
regard to dynamic foot loading. The practical implication of our research is the advice for
practicing physiotherapists to introduce exercises on an unstable surface when creating
exercise programs for older women.

Author Contributions: Conceptualization, ]. M., K.E-M., and A.B.; Methodology, ].M. and A.B;
Validation, JM., K.E-M., A.S.-C., and A.B.; Formal Analysis, ]. M., AS-C,and AJ.-S,; Investigation,
J.M., K.E-M., and A.B.; Resources, ].M. and A.B.; Data Curation, J.M., AS.-C., and A.J.-S.; Writing—
Original Draft Preparation, ].M. and A.B.; Writing—Review and Editing, K.F.-M., AS.-C., AlJ.-S., and
A.B,; Visualization, ].M., K.E-M,, and A.B.; Supervision, A.B.; Project Administration, J.M., K.E-M.,
and A.B. All authors have read and agreed to the published version of the manuscript.

Funding: Publication financed under the program of the Minister of Science and Higher Education
under the name ‘Regional Initiative of Excellence” in 2019-2022 project number 022/RID/2018/19 in
the amount of PLN 11,919,908.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Local Bioethics Committee at the Regional Medical
Chamber (126 /KBL/OIL/2018, approval date: 20 July 2018).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1. Central Statistical Office. Information on the Situation of the Elderly Based on Central Statistical Office Research. Avail-
able online: https:/ /stat.gov.pl/obszary-tematyczne/osoby-starsze/osoby-starsze /informacja-o-sytuacji-osob-starszych-na-
podstawie-badan-glownego-urzedu-statystycznego,1,2.html (accessed on 15 December 2020).

2. Bung, V. A movement intervention as a tool of the influence of physical fitness and health. Trends Sport Sci. 2018, 25, 209-216.

3. Antunes, HK.; Santos-Galduroz, R.E; De Aquino Lemos, V.; Bueno, O.F; Rzezak, P; De Santana, M.G.; De Mello, M.T.
The influence of physical exercise and leisure activity on neuropsychological functioning in older adults. Age 2015, 37,

9815-9824. [CrossRef]

4. Morgan, S.; Willmott, M.; Ben-Shlomo, Y.; Haase, A.M.; Campbell, R.M. A life fulfilled: Positively influencing physical activity in
older adults—A systematic review and meta-ethnography. BMC Public Health 2019, 19, 362-371. [CrossRef]

5. Stodle, I.V,; Debesay, ].; Pajalic, Z.; Lid, LM.; Bergland, A. The experience of motivation and adherence to group-based exercise of
Norwegians aged 80 and more: A qualitative study. Arch. Public Health 2019, 77, 26-33. [CrossRef]


https://stat.gov.pl/obszary-tematyczne/osoby-starsze/osoby-starsze/informacja-o-sytuacji-osob-starszych-na-podstawie-badan-glownego-urzedu-statystycznego,1,2.html
https://stat.gov.pl/obszary-tematyczne/osoby-starsze/osoby-starsze/informacja-o-sytuacji-osob-starszych-na-podstawie-badan-glownego-urzedu-statystycznego,1,2.html
http://doi.org/10.1007/s11357-015-9815-8
http://doi.org/10.1186/s12889-019-6624-5
http://doi.org/10.1186/s13690-019-0354-0

Int. J. Environ. Res. Public Health 2021, 18, 4660 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Nawrocka, A.; Mynarski, W.; Cholewa, J. Adherence to physical activity guidelines and functional fitness of elderly women,
using objective measurement. Ann. Agric. Environ. Med. 2017, 24, 632-635. [CrossRef] [PubMed]

Brovold, T.; Skelton, D.A.; Sylliaas, H.; Mowe, M.; Bergland, A. Association between health-related quality of life, physical fitness,
and physical activity in older adults recently discharged from hospital. J. Aging Phys. Act. 2014, 22, 405-413. [CrossRef] [PubMed]
Breda, J.; Jakovljevic, J.; Rathmes, G.; Mendes, R.; Fontaine, O.; Hollmann, S.; Rutten, A.; Gelius, P.; Kahlmeier, S.; Galea, G.
Promoting health-enhancing physical activity in Europe: Current state of surveillance, policy development and implementation.
Health Policy 2018, 122, 519-527. [CrossRef] [PubMed]

Hamed, A.; Bohm, S.; Mersmann, F.; Arampatzis, A. Exercises of dynamic stability under unstable conditions increase muscle
strength and balance ability in the elderly. Scand. |. Med. Sci. Sports 2018, 28, 961-972. [CrossRef] [PubMed]

Blasco, ].M.; Tolsada, C.; Beltran, M.; Momparler, A.M.; Sanchiz-Benavente, R.; Hernandez-Guillen, D. Instability training,
assessing the impact of level of difficulty on balance: A randomized clinical trial. Gait Posture 2019, 70, 116-129. [CrossRef]
Serrabou, M.; Jose, L.L.; Valero, O. Effectiveness of Training in the Elderly and its Impact on Health-related Quality of Life.
Educacio Fisica i Esports 2019, 137, 30-43.

Dunn, B.; Bocksnick, J.; Hagen, B.; Fu, Y.; Li, X.; Yuan, J.; Shan, G. Impact of Exercise on Seniors’” Motor Control Response to
External Dynamics. Res. Sports Med. 2008, 16, 39-55. [CrossRef]

Folstein, M.E,; Folstein, S.E.; McHugh, P.R. Mini-mental state: A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Correale, L.; Pellino, V.C.; Marin, L.; Febbi, M.; Vendoni, M. Comparison of an inertial measurement unit system and baropodo-
metric platform for measuring spatiotemporal parameters and walking speed in healthy adults. Mot. Control 2020, 18, 1-11.
[CrossRef] [PubMed]

Biodex Medical Systems, Inc. Biosway Portable Balance System Operation Manual. 2009. Available online: http://www.biodex.
com/sites/default/files /950460man10202revd.pdf (accessed on 24 October 2020).

Mcllroy, W.E.; Maki, B.E. Preferred placement of the feet during quiet stance: Development of a standardized foot placement for
balance testing. Clin. Biomech. 1997, 12, 66-70. [CrossRef]

Nashner, L. Practical biomechanics and physiology of balance. In Handbook of Balance Function Testing; Jacobson, G.P., Newman,
C.W.,, Kartush, ].M., Eds.; Mosby Year Book: St. Louis, MO, USA, 1993; pp. 261-279.

Clark, S.; Rose, D.J.; Fujimoto, K. Generalizability of the limits of stability test in the evaluation of dynamic balance among older
adults. Arch. Phys. Med. Rehabil. 1997, 78, 1078-1084. [CrossRef]

Hall, M.; Miller, E. Balance function testing. In Motor control: Theory and Practical Applications; Shumway-Cook, A., Woollacott,
M.H.,, Eds.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2001.

Paterson, K.L.; Clark, R.A.; Mullins, A.; Bryant, A.L.; Mentiplay, B.E. Predicting Dynamic Foot Function from Static Foot Posture:
Comparison Between Visual Assessment, Motion Analysis, and a Commercially Available Depth Camera. ]. Orthop. Sports
Phys. Ther. 2015, 45, 789-799. [CrossRef] [PubMed]

Parcou, A. Mechanical metatarsalgia, central, frontal. Prevention. Preventive footwear. In Biomechanika i Profilaktyka Statycznych
Znieksztatceri Stop; Dega, W., Ed.; PZWL: Warszawa, Poland, 1981; pp. 140-148.

Puszczatowska-Lizis, E. Correlation between the Clarke angle and the features of the anterior and posterior support zone and the
frequency of deformities in geriatric women. Gerontol. Pol. 2011, 19, 33-39.

Kubisova, M.; Svoboda, Z.; Jurencakova, L.; Janura, M. Dynamic gait analysis of unloading brace effect in patients with
gonarthritis. Gait Posture 2015, 42, 22-31. [CrossRef]

Krejci, M.; Hill, M,; Jandova, D.; Gérny, M.; Kajzar, . Gait ability analyse in senior age 65+ related to the quality of life indicators.
Trends Sport Sci. 2019, 1, 11-19.

Takehiko, D.; Nakakubo, S.; Tsutsumimoto, K.; Kim, M.].; Kurita, S.; Ishii, H.; Shimada, H. Spatio-temporal gait variables
predicted incident disability. . Neuroeng. Rehabil. 2020, 17, 2-7.

Kwon, M.S.; Kwon, Y.R.; Park, Y.S.; Kim, ]. W. Comparison of gait patterns in elderly fallers and non-fallers. Technol. Health Care
2018, 26, 427-436. [CrossRef]

Hessert, M.].; Vyas, M.; Leach, J.; Hu, K.; Lipsitz, L.A.; Novak, V. Foot pressure distribution during walking in young and old
adults. BMC Geriatr. 2005, 19, 8-13. [CrossRef]

Gimunova, M.; Zvonar, M.; Mikeska, O. The effect of aging and gender on plantar pressure distribution during the gait in elderly.
Acta Bioeng. Biomech. 2018, 20, 139-144. [PubMed]

Bao, T.; Carender, W.J.; Kinnaird, C.; Barone, V.J.; Peethambaran, G.; Whitney, S.L.; Kabeto, M.; Seidler, R.D.; Sienko, K.H. Effects
of long-term balance training with vibrotactile sensory augmentation among community-dwelling healthy older adults: A
randomized preliminary study. . Neuroeng. Rehabil. 2018, 15, 1-13. [CrossRef] [PubMed]

Sample, R.B.; Jackson, K.; Kinney, A.L.; Diestelkamp, W.S.; Reinert, S.; Bigelow, K.E. Manual and Cognitive Dual Tasks Contribute
to Fall-Risk Differentiation in Posturography Measures. J. Appl. Biomech. 2016, 32, 541-547. [CrossRef]

Maixnerova, E.; Svoboda, Z.; Xaverova, Z.; Dupalova, D.; Lehnert, M. The effect of balance therapy on postural stability in a
group of seniors Rusing active video games (Nintendo wii). J. Phys. Educ. Sport 2017, 17, 735-739.

Pluchino, A,; Lee, S.Y.; Asfour, S.; Roos, B.A.; Signorile, J.E. Pilot Study Comparing Changes in Postural Control After Training
Using a Video Game Balance Board Program and 2 Standard Activity-Based Balance Intervention Programs. Arch. Phys.
Med. Rehabil. 2012, 93, 1138-1146. [CrossRef] [PubMed]


http://doi.org/10.5604/12321966.1231388
http://www.ncbi.nlm.nih.gov/pubmed/29284238
http://doi.org/10.1123/JAPA.2012-0315
http://www.ncbi.nlm.nih.gov/pubmed/23981441
http://doi.org/10.1016/j.healthpol.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/29422372
http://doi.org/10.1111/sms.13019
http://www.ncbi.nlm.nih.gov/pubmed/29154407
http://doi.org/10.1016/j.gaitpost.2019.02.029
http://doi.org/10.1080/15438620701877024
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.1123/mc.2020-0060
http://www.ncbi.nlm.nih.gov/pubmed/33207319
http://www.biodex.com/sites/default/files/950460man10202revd.pdf
http://www.biodex.com/sites/default/files/950460man10202revd.pdf
http://doi.org/10.1016/S0268-0033(96)00040-X
http://doi.org/10.1016/S0003-9993(97)90131-3
http://doi.org/10.2519/jospt.2015.5616
http://www.ncbi.nlm.nih.gov/pubmed/26304638
http://doi.org/10.1016/j.gaitpost.2015.06.045
http://doi.org/10.3233/THC-174736
http://doi.org/10.1186/1471-2318-5-8
http://www.ncbi.nlm.nih.gov/pubmed/30520439
http://doi.org/10.1186/s12984-017-0339-6
http://www.ncbi.nlm.nih.gov/pubmed/29347946
http://doi.org/10.1123/jab.2016-0038
http://doi.org/10.1016/j.apmr.2012.01.023
http://www.ncbi.nlm.nih.gov/pubmed/22414490

Int. J. Environ. Res. Public Health 2021, 18, 4660 16 of 16

33.
34.

35.

Mobily, K. Exercise Practice and Compliance in Community-Dwelling Older Adults. |. Park Recreat. Adm. 2014, 32, 96-109.
Josephson, M.D.; Williams, J.G. Functional-Strengthening: A Pilot Study on Balance Control Improvement in Community-
Dwelling Older Adults. Montenegrin J. Sports Sci. Med. 2017, 6, 75-78. [CrossRef]

Souza, L.N.; Carvalho, P.H.; Ferreira, M.E. Quality of life and subjective well-being of physically active elderly people: A
systematic review. J. Phys. Educ. Sport 2018, 18, 1615-1623.


http://doi.org/10.26773/mjssm.2017.09.010

	Introduction 
	Materials and Methods 
	Participants 
	Methods 
	The Authors’ Rehabilitation Program 
	Statistical Methods 

	Results 
	Discussion 
	Study Limitation 
	Conclusions 
	References

