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Objective: The objective involved the analysis of the efficiency of the Program of Movement
Recreation of Elderly People (PMREP) exercise program expressed in terms of the stabilography
measures and coactivation of muscles in women in the age group of 60—70 years. The assump-
tion that was assumed stems from theoretical implications that the adequate postural stability
is manifested in the decrease of the body sways measured by means of a force plate.
Materials and methods: The study involved a group of 60 females, all members of the active
seniors’ association. The subjects were in the age range from 60 to 70 years. The subjects were
divided into 2 groups of equal size: control and experimental. Subjects in both groups partici-
pated in the rehabilitation exercises: experimental (n=16, PMREP — twice a week/60 minutes),
control (n=27, PMREP — only once a week/60 minutes).

Results: The study demonstrated that the completion of a 6-week PMREP program resulted in
a decrease in the variability and velocity as well as indicators representing center of pressure
displacement measured in the feet for the exercises performed with closed eyes with subjects
standing on a high foam pad located on a force plate (P=0.001). No significant changes in
coactivation of the calf muscles were recorded in the subjects.

Conclusion: The study concludes that a PMREP rehabilitation plan with an adequate program
and frequency leads to an improvement of the vestibular system coupled with proprioception
understood as an integrated process of sensor activation in the body. However, in regard to the
coactivation of the muscles involved in maintaining postural stability, no significant differences
have been observed.

Keywords: stabilography, EMG signal, sensory integration, aging

Introduction
There is high likelihood that people >60 years of age will account for about 25% of
the population in the developed countries in the years to come.! This is due to demo-
graphic reasons, improvement of the quality of life and its longer duration resulting
from progress in medicine, and positive trends in pro-health behaviors. Aging itself'is
amultifaceted process that is often described in the literature in terms of the decline in
physical activity that accompanies the process, resulting in deficiencies in the circula-
tory and respiratory capacity,” neurological limitations, and the progressive process
of deterioration in terms of the ability to maintain postural control performance.
This phenomenon reduces motor activity and contributes to an increase in the
number of falls in the elderly persons. Injuries resulting from the deterioration of
postural control accompanying the aging process are considered a considerable
social and economic problem, as their occurrence is often associated with the need to
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perform long-term rehabilitation. Falls often have immediate
consequences not only in the form of bone fractures or head
injuries, but also long-term effects, such as feeling of anxiety,
insecurity, fear of loss of independence, or disability in the
elderly.’ In turn, it has been repeatedly demonstrated that
improving strength and balance training reduces the risk
of falling by as much as 50% in the elderly.*” Hence, the
important role of this issue has encouraged the authors to
conduct research into the activity of older people. The specific
phenomenon was named “frailty syndrome” in the senior
group. Currently, more and more studies and various types of
training programs are readily available for seniors. However,
normalization and unification of the therapy program form
a considerable challenge due to the differences in the level
of seniors’ activity, old age definitions, and concomitant
diseases associated with old age.'®®

This paper focuses on looking for factors that strengthen
the functions of the vestibular system in association with the
proprioception apparatus responsible for postural balance
control.!®'2 Because of the important role that balance
disorders play in the pathogenesis of falls, it is crucial to
develop new effective methods aimed at improving balance
control. The objective involved analysis of the efficiency
of the Program of Movement Recreation of Elderly People
(PMREP) exercise program, the scope of which was modi-
fied by supplementing the program with exercises designed
to develop sensomotor abilities. Their aim was to stimulate
the function of proprioceptive system, also known to affect
the improvement and efficiency of the vestibular system.

The realized program involved health-promotion exer-
cises that were combined with elements of balance training.
This type of exercise can be of assistance to the elderly
subjects, as it provides them with the necessary skills and
knowledge that can be used to perform simple exercises
at home to enhance health and balance training. If such
exercises are performed by the subjects at home, there is a
chance that they can improve the quality of life. The study
also involved information and education program aimed at
raising the awareness with regard to regular physical activity
as part of the everyday life of an elderly person. The success
of the program is demonstrated by the fact that 90% of the
participants decided to perform the health-promoting activi-
ties (and participate in organized training programs).

The main goal of the research experiment involved the
evaluation of the effectiveness of the modified PMREP pro-
gram on stabilography parameters and muscle coactivation
in elderly women.

Low values of sway indices derived from the center
of pressure (COP) displacements measured by force plate

are indicators of better performance. In addition, low
signal emitted from muscle activation in the lower leg
demonstrates the rational use of energy related to postural
balance. It was anticipated that a 6-week rehabilitation
program exercises could result in a decrease in the indica-
tors representing COP, including variation and velocity
of the COP displacement acting on the plantar surface of
the feet. The deviation of the coactivation coefficient of
the muscles in the calf was also an anticipated outcome
of the exercise.

Materials and methods

Participants

The study involved a group of 60 women aged 60—70 years,
members of seniors’ association, whose activity was based
in the province town of Opole. The participation in the pro-
gram was preceded by a prior recruitment carried out in the
environment of Opole seniors (promotional and educational
campaign was organized for this purpose), based on an
assumption that the subjects who do not undertake regular
physical activity should be selected to participate in the study.
Another prerequisite for participation was associated with
lack of health contraindications and voluntary participation
of the participants.

The subjects were divided into 2 identical groups of equal
size: control (CON) and experimental (EXP). For various
reasons, 27 subjects in the CON group and 16 subjects in
the EXP completed the experiment. The anthropometric
data are summarized in Table 1. Throughout the course of
the program, the number of participants decreased due to
health-related and personal reasons. The duration of the
program, frequency, and number of classes were established
while taking into account the will of the participants and
what is feasible following the stage when activities applied
to promote the program were implemented. The major prin-
ciples of health training had also been taken into account.
Participants in the study were asked not to participate in
other forms of recreational physical activity for the duration
of the program.

Table | Characteristics of examined group

Number Age, years Height,cm Weight, kg
of partici- (mean + SD) (mean + SD) (mean + SD)

pants
Control 27 69.5+4.6 161.9+7.2 742+11.4
group (CON)
Experimental 16 66.4+5.9 159.0+6.1 70.2+13.9

group (EXP)
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Inclusion criteria

The following inclusion criteria were adopted during the
study: ability to comprehend commands and actively
participate in the program (based on mini mental state
examination <23 points); capability to participate actively
in the physical program projected within the PMREP (ie,
ability to move without constraints); lack of lower limb injury
and medical contraindications to participate in moderate
physical exercise, and an agreement to take over the role of
test subject. The criteria adopted as the basis for the potential
rejection of an application included: aphasia, significant
loss of sight or hearing, which makes it impossible to assess
cognitive functions, as well as voluntary resignation from
participation in the study.

Subjects in both groups participated in the rehabilita-
tion exercises, with the only difference being that the EXP
group took part in the exercises twice weekly for 60 minutes,
whereas the CON one only once per week with the same
duration. Every time, the exercise program involved a similar
schedule comprising a warm-up, core part, and a final part
focusing on muscular relaxation and relieve of tension.
Classes were organized in a room suitably adapted to this
type of exercise, equipped with mirrors, handrails, ladders,
and other suitable equipment. The modified program also
included equivalent classes on stable and unstable surface
as described by data in Table 2. The participants of the study
signed the written informed consent. The goal of the study
was approved by the Bioethics Committee of the Chamber
of Physicians (Resolution No. 237 of 13 December 2016) in

Table 2 Details of balance exercise program

Program

. Standing with legs slightly apart, and slightly bent knees. The center of
pressure is transferred forward and back (toes to heels).

N

. Standing with legs slightly apart with both arms extended to the side,
alternating leg bends at the hip and knee joints up to 90°.

. Standing with legs slightly apart and supported by the ladder;
alternately, knees are lifted to reach to the bent elbow of the

w

opposite arm.

4. Standing with legs slightly apart on a 10 cm foam pad, legs are
alternately bent at the hip and knee joints up to 90° — with open eyes
and then with closed eyes.

. Standing with legs slightly apart on a 10 cm foam pad, legs
are alternately bent at the hip and knee joints up to 90°

v

(for 30 seconds) — with open eyes and then with closed eyes.

o

. Exercise in pairs. A slight nudge is given to person holding the posture
of an inverted pendulum. The task of the subject is to return to a
vertical position.

N

March forward with a 360° rotation in the indicated direction in res-
ponse to a signal of the coach, the march is continued after the turn.
8. March in reverse directions (forward and backward).
9. March along a variable ground (mattress and bench).

accordance with the guidelines described in the Declaration
of Helsinki involving humans.

The following methods and materials were described in our
previous work.!? Briefly, the COP was recorded with the force
platform and the bioelectric activity of the right and left tibialis
anterior and soleus muscles was registered and processed by
Noraxon sensors with the procedure followed the surface EMG
for non-invasive assessment of muscles methodology.”®

The subjects in both groups were measured prior to and
after the exercise program. The maximum voluntary contrac-
tion (MVC) of the examined muscles was performed over a
5 second voluntary contraction and was used as a reference
value. The outcome variables were measured in the following
4 trials: 1) quiet stance with eyes open (EO), 2) quiet stance
with eyes closed (EC), 3) quiet stance with EO on a foam pad
placed on a force plate, and 4) quiet stance with EC on a foam
pad placed on a force plate. The instantaneous COP of foot
was calculated from the components of forces of the registered
plate response were separately analyzed in then medio-lateral
(ML) and anterior-posterior (AP) planes. Each successive
measurement using the force plate lasted for 30 seconds, and
throughout this time, the activity of the selected muscles of
the lower limbs was monitored by means the surface EMG
(sEMG) system. The subjects maintained the following foot
position: 14° angle between the feet and 17 cm distance
between the heels.!® The registration of COP was performed
by a force plate (type: 9286AA; Kistler Group, Winterthur,
Switzerland), with a sampling frequency of 100 Hz, and the
duration of the test equal to 30 seconds. The electromyo-
graphic study applied 16 channel SEMG signals (type DTS
EMG; Noraxon, Scottsdale, AZ, USA) recorded with the 16
bit resolution and a sampling frequency of 1,500 Hz.

The COP of foot was separately analyzed in ML and AP
planes. The linear parameters of COP signal comprised SD
of the time series (in mm) and mean velocity (MV in mm/s).
The lower values of these parameters indicate a more effec-
tive postural control.

The sEMG signals were smoothened by estimation of
the root mean square that was derived in the time window of
300 ms. The reference value of the MVC was calculated in
a time window equal to 1,000 ms for which the mean value
of the SEMG signal was the highest.

The coactivation index (CI) of the muscles was calcu-
lated using the Falconer and Winter method.!? The CI was
computed separately for the left and right legs.

Statistical methods
The indices of the COP and sEMG signals were subjected
to the Shapiro—Wilk normality test. The distributions of the
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analyzed variables were not deviating from normality. Thus,
the parameters of signals were subjected to ANOVA with
0.05 significant threshold. The factors included: time (before,
after), sight (closed vs open eyes), surface (floor, matt), plane
for the case of analysis of variability, MV (AP and ML), and
side (left vs right) for the case of the CI.

Results
The descriptive statistics of the measured indices for all tasks
performed by the subjects are summarized in Table 3.

The study did not reveal the effect of the intervention
program on inter-group performance. Vision, surface, and
plane were found to affect the SD and MV COP parameters
(P<<0.001). For the CI, only vision and surface have shown
main effect (P<<0.001). The intervention time affects the
results only in the form of a few interactions (Table 4).

Table 3 Mean values and SDs of COP and sEMG parameters
recorded in the particular trials

Parameters CON EXP

Before After Before After

Mean SD Mean SD Mean SD Mean SD
EO
VAR ML 250 089 277 079 302 126 311 0.68
VAR AP 387 1.09 476 145 523 151 560 1.69
MV ML 519 121 6.2 1.63 6.18 239 695 209
MV AP 10.80 529 11.82 3.17 10.65 252 1129 293
CIR 49.76 2722 40.93 30.16 38.18 23.72 36.67 285l
ClL 50.56 29.46 42.84 2858 37.43 2422 41.71 28.68
EOF
VAR ML 481 1.51 471 130 484 194 449 092
VAR AP 688 220 690 224 748 384 749 240
MV ML 11.48 3.70 10.71 3.28 11.36 343 1071 234
MV AP 15.07 437 1567 457 1477 264 1538 3.55
CIR 3097 19.99 23.75 2395 27.27 21.70 21.74 25.89
ClL 3241 2241 29.63 2221 28.88 22.56 20.23 18.09
EC

VAR ML 252 074 250 065 273 089 3.19 1.30
VAR AP 454 1.60 482 159 491 093 532 I.II

MV ML 6.19 218 632 .70 658 237 780 256
MV AP 1393 582 1400 488 1562 11.18 14.16 5.64
CIR 50.94 27.77 3892 2797 43.24 26.58 35.80 30.62
CIL 48.15 29.59 48.67 21.96 4320 28.63 42.81 31.20
ECF

VAR ML 599 202 6.08 215 696 214 580 210
VAR AP 887 353 887 274 9.5 223 757 168

MV ML 16.58 587 1661 682 2089 886 1509 6.98
MV AP 25.29 9.77 24.67 948 3005 16.71 21.50 7.05
CIR 4728 23.73 41.64 2542 40.71 2236 32.11 23.80
ClL 50.87 26.58 42.37 21.75 46.03 27.28 33.71 24.67

Abbreviations: CI R, coactivation index of right hand; CI L, coactivation index of left
hand; CON, control; COP, center of pressure; EO, eyes open; EOF, eyes open on a
foam; EC, eyes closed; ECF, eyes closed on a foam; EXP, experimental; M, mean; MV
ML, mean velocity in mediolateral; MV AP, mean velocity in anterior-posterior planes;
sEMG, surface EMG; VAR ML, standard deviation of the time series mediolateral;
VAR AP, standard deviation of the time series anterior-posterior planes.

Both in regard to the stabilography parameters and EMG,
the study did not reveal the effect of the duration of the test.
This duration affects the results only in the form of a few
interactions marked in the table.

The chart below (Figure 1) illustrates the interaction
TIMEXGROUP for the MV demonstrating the significant
improvements in the EXP group.

The chart (Figure 2) illustrates the interaction TIMEX
VISIONXGROUP for the MV demonstrating the significant
improvements in the EXP group in subjects performing tasks
with closed eyes.

The chart Figure 3 illustrates the interaction TIMEX
SURFACEXGROUP for the MV demonstrating the signifi-
cant improvements in the EXP group in subjects performing
tasks on a high foam pad.

Discussion

The study that was conducted confirms the hypothesis
regarding the positive effect of the balance training associ-
ated with functional task, and health-related quality of life
in middle-aged and older adults." The active lifestyle and
exercise applied during the 6-week program demonstrate a
statistically significant interaction, in which a decrease in
the MV of COP displacement was noted for subjects’ EC for
exercise performed on a pad in the EXP group.

When we apply the basics defined in the theory of the con-
trol and regulation of motor activity in humans, we learn that
the motor system is based on reflexes occurring at the level of
the spinal cord and along afferent and efferent pathways, and
involve a small degree of the conscience. This type of motor
activity involves the maintenance of the postural balance and
walking activity. This type of motor activity concerns the
maintenance of postural stability and ability to walking and
depends on the cooperation between the antagonist muscles
and the patterns are known to vary in the subjects depending
on their age.'>'¢ The aforementioned processes are attributable
to the motor habits in the form of automatism and voluntary
movement, subjected to the control of the central nervous
system, in particular in the motor cortex and cerebellum.

The commands are carried from the decision centers
initiate motor units (MU) through motoneurons, and result
in the activation of skeletal muscles. The number of MU
activated gives the bioelectric muscle tension that can be
expressed by means of the value of the SEMG signal."”

The assessment of the balance control performed with
the use of a platform posturography shows the oscillations
of the subject bodies measured in terms of the COP in the
AP and ML planes. The correct balance control in healthy
people is achieved as a result of adequate processing of the
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Table 4 The ANOVA results for variability, MV, and CI

Effects SD MV Cl
F P-value F P-value F P-value

1) GROUP 1.70 0.199 0.24 0.628 1) GROUP 1.76 0.193
2) TIME 0.0l 0912 3.18 0.082 2) TIME 3.29 0.077
TIME*GROUP 1.27 0.266 4.85 0.033 TIME*GROUP 0.00 0.949
3) VISION 17.06 0.000 57.20 0.000 3) VISION 26.95 0.000
VISION*GROUP 0.90 0.349 051 0.479 VISION*GROUP 1.42 0.240
4) SURFACE 204.36 0.000 228.17 0.000 4) SURFACE 17.46 0.000
SURFACE*GROUP 1.70 0.199 0.02 0.884 SURFACE*GROUP 1.09 0.302
5) PLANE 300.54 0.000 106.64 0.000 5) SIDE 1.09 0.303
PLANE*GROUP 0.21 0.647 0.18 0.670 SIDE*GROUP 0.48 0.491
TIME*VISION 1.82 0.185 10.66 0.002 TIME*VISION 0.09 0.769
TIME*VISION*GROUP 041 0.526 6.13 0.018 TIME*VISION*GROUP 1.44 0.237
TIME*SURFACE 4.77 0.035 12.85 0.001 TIME*SURFACE 0.03 0.853
TIME*SURFACE*GROUP 1.28 0.265 6.04 0.018 TIME*SURFACE*GROUP 1.25 0.271
VISION*SURFACE 29.37 0.000 63.64 0.000 VISION*SURFACE 21.45 0.000
VISION*SURFACE*GROUP 0.00 0.990 0.16 0.690 VISION*SURFACE*GROUP 0.02 0.884
TIME*PLANE 0.55 0.461 1.03 0316 TIME*SIDE 0.00 0.991
TIME*PLANE*GROUP 0.28 0.602 2.10 0.155 TIME*SIDE*GROUP 0.08 0.779
VISION*PLANE 0.03 0.853 19.89 0.000 VISION*SIDE 0.41 0.528
VISION*PLANE*GROUP 6.68 0.013 0.09 0.768 VISION*SIDE*GROUP 0.02 0.885
SURFACE*PLANE 2.58 0.116 0.19 0.661 SURFACE*SIDE 0.02 0.875
SURFACE*PLANE*GROUP 0.85 0.363 0.04 0.850 SURFACE*SIDE*GROUP 1.70 0.200
TIME*VISION*SURFACE 0.93 0.339 792 0.007 TIME*VISION*SURFACE 0.99 0.325
TIME*VISION*SURFACE*GROUP 4.62 0.038 12.08 0.001 TIME*VISION*SURFACE*GROUP 0.56 0.460
TIME*VISION*PLANE 1.25 0.269 5.86 0.020 TIME*VISION*SIDE 0.0l 0.920
TIME*VISION*PLANE*GROUP 0.15 0.702 1.46 0.233 TIME*VISION*SIDE*GROUP 0.20 0.657
TIME*SURFACE*PLANE 0.78 0.383 0.38 0.539 TIME*SURFACE*SIDE 0.00 0.950
TIME*SURFACE*PLANE*GROUP 0.21 0.653 0.04 0.849 TIME*SURFACE*SIDE*GROUP 0.02 0.894
VISION*SURFACE*PLANE 0.33 0.567 2.80 0.102 VISION*SURFACE*SIDE 0.30 0.586
VISION*SURFACE*PLANE*GROUP 1.30 0.261 .16 0.288 VISION*SURFACE*SIDE*GROUP 4.68 0.037
TIME*VISION*SURFACE*PLANE 0.03 0.862 1.68 0.202 TIME*VISION*SURFACE*SIDE 0.48 0.492
Pk ol 0.09 0.768 0.03 0.869 2H3F4FE*| 1.35 0.252

Note: *shows the integration between the factors.
Abbreviations: Cl, coactivation index; MV, mean velocity.

sensory information originating from the vestibular system.'®
The vestibular system when stimulated elicits responses that
facilitate muscles to maintain the proper tension of the eyeballs
and neck. In addition, it is responsible for correct postural

22

- = Group CON
20 % Group EXP
18 =

MV (mm/s)
S5 20O

-
o

(o]

Before After

Time

Figure | Significant interaction TIMEXGROUP for the MV.
Abbreviations: CON, control; EXP, experimental; MV, mean velocity.

reflexes and is responsible for equivalent muscular reactions
(displacement of the body COP). When the sense of sight was
excluded from postural control in the conducted research,
increased oscillations expressed in COP were recorded, which
was also coupled with the increase in the indicators of COP
displacement. These results are also confirmed by Asseman
et al'” and Jones et al.® The removal of vision is linked to the
increase of COP mean velocity which suggest deterioration of
postural control. This phenomenon can be prevented by apply-
ing appropriate exercises or therapy, which was also confirmed
in a study by Mann et al?!, Ruhe et al,”? and Lihavainen et al.?
We can conclude that the adapted PMREP exercise program
that differs from the standard motor activities performed in
everyday life formed a set of new stimuli affecting the recep-
tors in the vestibular system to achieve positive results.

A variety of different results can be found in the reports
in this area. The studies in this subject'® revealed a correlation
between coactivation of the examined muscles and the
magnitude of oscillations at the level of 0.278. This report
involved subjects standing on a force plate with legs together

Clinical Interventions in Aging 2018:13

submit your manuscript

1705

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Borysiuk et al

Dove

28

26 1

24t

MV (mm/s)
- N - N [\
B [e)] (o] o N

-
N

10 ¢

22

Before

After

Eyes open

Before After
Eyes closed

—&- Group CON

—& Group EXP

Figure 2 Significant interaction TIMEXVISIONXGROUP for the MV.
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for only 10 seconds where the coactivation was recorded on
the basis of a 3-second sSEMG signal. In research reported
by Kouzaki et al,'’? a correlation between MVC and COP
variability was established in elderly subjects. The scope of
these studies also involved a comparison of force variations
between young and elderly subjects accompanying plantar
flexion and their relation to the variability of the COP in
the standing position. The elderly subjects demonstrated an
increased activity of the antagonist muscles, which was found
to relate to the greater fluctuations expressed by COP.

Limitations of the study

The present study did not involve men, and the reason was
that too few senior-aged men were interested in participating
in the study. In the future, senior-aged men should also be
subjected to this type of analysis.

The testing should also be repeated by application of a
more diverse and greater number of participants.

We can also note that the final outcomes were also
considerably affected by the involvement on the part of the
subjects, which was related to their different psychophysical
condition throughout the particular exercises.

Conclusion
In summary, we can state that the positive outcomes of the
experiment conducted on an unstable surface (high foam pad)
during tests performed with the EC demonstrate that the control
of the postural stability utilized neuromuscular mechanisms
applying compensation that can be associated with the deep
layers of the sensory system. The lack of a change of the coacti-
vation of the muscles responsible for postural stability after the
balance training imply that the rehabilitation program should
be supplemented by moderate isometric strength training.
The implementation of the aforementioned program in
the future, even including its potential modifications, seems
to offer a feasible proposition of health-promoting activity
among subjects >60 years of age. The program is also
feasible in Polish conditions in various types of institutions
whose activity is concerned with this social group.

Disclosure
The authors report no conflicts of interest in this work.
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