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This article presents the results of the study into the dynamic components of postural control in
women aged 60—74 years with different rates of ageing. The research involved women with low (n = 83)
and normal (n = 85) rates of ageing. To assess the dynamic components of postural control we used
the computer-aided stabilometric complex Balance Master. In Sit-to-Stand test women with normal rate
of ageing showed decreased rising index and increased sway velocity. These data suggest reduced
adaptive abilities as well as changes in the neurophysiological mechanisms of holding posture at quick
rising from a seated position in women with normal rate of ageing compared to those with low rate of
ageing. The Walk Across test revealed increased step width and reduced gait speed in women with normal
rate of ageing. No statistically significant differences were found between the groups in Tandem Walk
test, which indicates that no changes take place either in the adaptation abilities or neurophysiological
mechanisms of postural control in women 60-74 years old with normal rate of ageing. We suggest that
the preservation of effective coordination during walking in older women will have a positive effect on
their life expectancy. Further, in Step/Quick Turn test, prolonged turn time to the left and to the right
as well as increased turn sway were observed in older women with normal rate of ageing compared
to those with low rate of ageing. These data suggest reduced adaptive abilities and changes in the
neurophysiological mechanisms of complex motor acts in women with normal rate of ageing.
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It is a fact that senescence entails a gradual
development of changes limiting the adaptive
capacity of the body, whereas premature ageing
involves partial or total acceleration of ageing,
resulting in the person’s being ahead of the average
age of his/her age group [1]. Many researchers
have noted that changes in premature ageing
occur throughout the body, affecting many organs
and systems, including changes in the parameters

of postural control [2]. It is known that normal
ageing is characterized by a certain shift and a
sequence of age-related changes corresponding to
the biological and adaptive regulatory abilities of
the human body. Normal rate of ageing in older
women is a borderline between physiological and
premature ageing, whereas slow and low rate of
ageing in older women can be regarded as the basis
of “optimal ageing” producing a positive effect on
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the processes of successful and active ageing [3].
The aim of this study was to evaluate the dynamic
components of postural control in women aged
60-74 years with different rates of ageing.

Materials and methods. A group of 168 healthy
community-dwelling women aged 60-74 years
volunteered to participate in this study. The sample
was divided into 2 groups by rate of ageing (RA):
normal rate of ageing (NRA) (n = 85) and low rate
of ageing (LRA) (n = 83). To calculate RA we used
a formula for determining the biological age (BA)
and appropriate biological age (ABA) according to
the 3rd version of V.P. Voitenko’s method [4]. The
following formula was applied: RA = BA — ABA
[2]. According to Voitenko’s classification, low
rate of ageing is —10 years or less, while normal
rate of ageing ranges from +4.9 to —4.9 years [2].
The study criteria excluded women registered in
mental hospitals and those with strokes, cognitive
impairments, chronic traumas or neurodegenerative
diseases in past medical history. Moreover, all the
women at the time of the survey were mobile and
able to walk without assistance.

In addition, the subjectively experienced age
(SEA) of the women was determined by asking
how old they felt. This parameter depends on life
intensity, eventfulness and satisfaction, as well
as on experiences and the perceived degree of
self-fulfilment of the ageing person and his/her
socioeconomic status [5].

Motor performance was assessed using the
computer-aided stabilometric complex Balance
Manager. The following tests were conducted
[6]:

Sit-to-Stand (STS). This test quantifies the
patient’s ability to rise from a seated to a standing
position. Key components of this task include
shifting the body centre of gravity (COG) forward

from an initial position over the seat to a location
centred over the base of support, followed by
extension of the body to an erect stand while
maintaining the centred COG position. The
measured parameters are weight transfer time,
rising index (force exerted to rise), sway velocity
during the rising phase, and left/right symmetry of
the rising force.

Walk Across (WA). This test quantifies
characteristics of gait as the patient walks across
the length of the force plate. The test characterizes
steady state gait by having the patient begin well
behind and continuing beyond the force plate. The
measured parameters are step width, step length
and speed.

Tandem Walk (TW). This test quantifies
characteristics of gait as the patient walks heel to
toe from one end of the force plate to the other.
The measured parameters are step width, speed,
and endpoint sway velocity.

Step/Quick Turn (SQT). This test quantifies
turn performance characteristics as the patient takes
two forward steps, quickly turns 180° and returns
to the starting point. The measured parameters are
the time to execute the turn and the sway velocity
during the turn execution.

The statistical analysis was carried out using
SPSS 22.0 software. Due to the fact that not all the
samples showed normal distribution parameters,
the parameters were evaluated in groups and
presented as a median (Me) and percentile 25-75
(Q1-Q3). To compare the groups and analyse
the data we applied non-parametric methods (the
Mann—Whitney U test to compare two independent
samples). Statistical significance was set at p <
<0.05.

Results. The analysis of parameters of real age
showed (7able 1) that all quartiles in women with

Table 1
AGE CHARACTERISTICS IN OLDER WOMEN WITH NRA AND LRA (Me (Q1-Q3))
Parameters Normal rate of ageing (NRA), n =85 Low rate of ageing (LRA), n =83 )4
Real age, years 64 (61-67) 65 (63-70) 0.031
SEA, years 62 (59-65) 60 (55-65) 0.055
RA, years -2 (-3...0) —13 (-15...-11) <0.001
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NRA were lower than in women with LRA (p =
= 0.03). These results suggest that the prevalence
of NRA will have a negative impact on life
expectancy in women older than 60 years. In SEA,
a statistical trend was identified (p = 0.055). It was
found that women with LRA aged 60-74 years
feel 5 years younger, whereas women with NRA
feel, on the average, only 2 years younger.

In Sit-to-Stand test (7able 2), the rising index
in women with NRA was lower (p = 0.003) and

data suggest no changes in adaptation abilities or
neurophysiological mechanisms of postural control
in women aged 60-74 years with NRA. We can
assume that the preservation of effective complex
coordination during walking in older women will
have a positive effect on their life expectancy.
Conversely, we consider the deterioration of these
test parameters to be an indicator of premature
ageing that can have a negative impact on women’s
mobility in old age.

Table 2

SIT-TO-STAND AND WALK ACROSS TEST PARAMETERS IN OLDER WOMEN WITH NRA AND LRA
(Me (Q1-Q3))

Parameters Normal rate of ageing (NRA), n =85 Low rate of ageing (LRA), n = 83 D

Sit-to-Stand

?Xgﬂt transfer 0.4 (0.34-0.56) 0.47 (0.35-0.62) 0.238

Rising index, % 15 (12-19) 18 (14-23) <0.001

Sway velocity, deg/s 3.9 (3.2-4.5) 3.3(2.8-4.1) <0.05
Walk Across

Step width, cm 14.1 (11.9-16.1) 12.4 (9.7-14.4) <0.001

Step length, cm 56.1 (48.7-60.4) 58.3 (52.0-63.1) 0.060

Speed, cm/s 82.4 (75.1-88.8) 86.0 (77.8-95.2) <0.05

sway velocity was higher (p = 0.011) compared
to women with LRA. According to the results,
women 60-74 years old with NRA demonstrate
reduced adaptive abilities as well as changes in
the neurophysiological mechanisms of holding
posture at quick rising from a seated position.

In Walk Across test, all quartiles of step width
were higher (p < 0.001) and all quartiles of speed
(» = 0.029) were lower in women with NRA
compared to women with LRA. In addition, the
analysis of step length showed statistical trends
(» < 0.060). Thus, according to the Walk Across
test, an increase in step width and a decrease in
speed were suggested in the group of women with
NRA.

No sstatistically significant differences (p>0.05)
were found between the measured groups in the
parameters of Tandem Walk test (7able 3). These
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In Step/Quick Turn test, turn time to the left
(p < 0.001) and to the right (p < 0.001) was
longer and turn sway to the left (p < 0.001) and
to the right (p < 0.001) was greater in women
with NRA compared to women with LRA. These
results show a decrease in adaptive abilities and
functions of the neurophysiological mechanisms
of complex motor acts in older women with
NRA. Thus, women aged 60-74 years with
NRA are characterized by lower performance
of simple and complex motor acts compared to
women of the same age with LRA, which can be
used as additional criteria for the evaluation of
age-related changes.

Discussions. It is known that SEA in elderly
and senile age can be considered as an evaluation
criterion of their successful ageing [2]. In this
regard, our results suggest that NRA in women
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Table 3

TANDEM WALK AND STEP/QUICK TURN TESTS PARAMETERS IN OLDER WOMEN WITH NRA
AND LRA (Me (Q1-Q3))

Parameters Normal rate of ageing (NRA), n =85 Low rate of ageing (LRA), n = 83 P
Tandem Walk

Step width, cm 7.5(6.3-9.7) 7.3 (6.1-8.7) 0.118
Speed, cm/s 28.3 (22.9-34.0) 30.0 (25.2-35.9) 0.101
Endpoint swa

velolc):ity, deg/sy 5.6 (4.4-6.2) 4.9 (3.9-6.5) 0.175

Step/Quick Turn

Turn time left, s 1.8 (1.18-2.45) 1.29 (1.01-2.01) <0.001
Turn time right, s 1.57 (1.17-2.19) 1.24 (0.8-1.61) <0.001
Turn sway left, deg/s 30.2 (23.8-38.8) 24.8 (19.9-32.9) <0.001
Turn sway right, deg/s 30.5(21.3-37.2) 23.3 (19.0-30.8) <0.001

aged 60-74 years will have a negative impact
on the process of successful ageing as opposed
to LRA. In addition, these data suggest that the
lack of changes in simple walking and complex
coordination during walking will have a positive
effect on successful ageing of women.

It is known that the ability to quickly rise
from a seated position in older adults is a
prerequisite for daily activities and can be used
as an indicator of physical activity [7]. It can be
assumed that women aged 60—74 years with NRA
will experience a decrease in physical activity
compared to those with LRA. As we know, getting
up from a seated position requires more muscle
strength of the lower limbs than other motor acts,
such as simple or complex walking. In addition,
quick rising function depends on the knee joints
[8]. What is more, declining muscle strength is
known to increase the risk of premature ageing in
older people [2, 9].

The results of this study suggest a decrease in
the functioning of leg muscles and joints in women
aged 60—74 years with NRA. Changing the extensor
mechanism of the knee and leg muscle strength
can be regarded as a predictor of increased rate
of ageing, reduced physical and daily activity in
women aged 60 and older, thus having a negative
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impact on the process of successful ageing. The
data allow us to consider high values of Sit-to-
Stand test to be a biomarker of LRA. It is known
that decreased muscle strength in the lower limbs
increases the risk of falls in elderly and senile age
[6, 10]. It can be assumed that lower rising index
and higher sway velocity in Sit-to-Stand test will
increase the risk of falls in older women. Our
study confirms the fact that people with NRA run
a higher risk of falling compared to people with
LRA[S, 11, 12].

The analysis of Step/Quick Turn test results
showed that older women with NRA have a
decrease in efficiency and accuracy in complex
motor acts, which is one of the most important
risk factors for falls among older women [6].
Changes in the parameters of this test in older
adults may also be a result of reduced visual
and vestibular information in balance control,
as well as dysfunction of the musculoskeletal
system [10]. Women aged 60-74 years with
NRA have a higher risk of deteriorated sensory
information involved in postural control, as
well as dysfunction of back muscles and joints
and foot muscles.

We suggested that NRA in older women,
regardless of their real age, contributes to more
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pronounced changes in the parameters of quick
rising from a seated position, walking and
complex motor acts. The findings indicate that
NRA in older women should be considered as a
premorbid condition that increases the risk of
changes in the dynamic components of postural
control. Evaluation of the rate of ageing in people
will predict not only the level of deterioration of
their health, but also the scope of medical and
psychosocial care they may require.

Conclusions:

* Decreased rising index and increased sway
velocity were identified in Sit-to-Stand test in older
women with normal rate of ageing as compared to
those with low rate of ageing. It indicates a reduction
in their adaptive abilities and changes in the state of
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neurophysiological mechanisms of holding posture
at quick rising from a seated position.

* According to the Walk Across test results,
elderly women with normal rate of ageing showed
an increase in step width and a decrease in speed
during normal walk compared to women with low
rate of ageing.

* The Step/Quick Turn test results indicate that
older women with normal rate of ageing show
longer turn time to the left and to the right, as
well as increased sway velocity during turning to
the left and to the right compared to women with
low rate of ageing. These findings demonstrate a
reduction in the women’s adaptive abilities and
functions of the neurophysiological mechanisms
of complex motor acts.
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JAHHAMHUYECKHE KOMIIOHEHTBI I1IOCTYPAJIBHOI' O KOHTPOJIA
Y?KEHIIIUH 60-74 JIET C PA3JIHYHBIMH TEMIIAMH CTAPEHUA

T.I1. Mopos*, A.B. lémun*, J]. Hosanoscxu**, M. Iaacyxe**

*CeBepHblil (ApkTHuecknii) GpenepanbHblii yanBepeuteT nmern M.B. JlomoHocoBa
**Taprycknii yHuBepcureT (JCTOHUS)

B crarbe npencTaBiaeHbl pe3yabTaThl HCCIEA0BAHUS ANHAMUYECKUX KOMIOHEHTOB MTOCTYPAaIbHOTO KOHTPOJIS
y JKeHIIMH B Bo3pacTte 60—74 5eT ¢ pa3nu4yHbBIMU TeMIIaMH cTapeHus. B ncciaenoBaHny NpUHSUIA ydacThe >KeH-
IIMHBI ¢ MEVICHHBIM (7 = 83) u HOpMaJbHBIM (1 = 85) Temmnamu crapeHus. JlJisg ONEHKN JUHAMHUYECKUX KOM-
MOHEHTOB MOCTYPaJIbHOIO KOHTPOJISl UCIOJIb30BaIM KOMITBIOTEPHBINH cTabuioMeTprudyeckuili kommieke «Balance
Master» npousBonctBa «NeuroComy» (CLLA). B TecTe «BcTaBaHHEe U3 MOJIOKEHUS CUIS» Y )KEHIIUH C HOPMaJib-
HBIM TEMIIOM CTapeHHs HaOIIonaeTcs NOHIKEHNE HHACKCA TTOIbEMa M YBEIMUCHNE CKOPOCTH KoJieOaHMs IICHTpa
TsokecTH. [lomydeHHble TaHHBIE TTO3BOJISIOT TOBOPHUTH O CHIDKEHHH Y HUX aalTaIlOHHBIX CITIOCOOHOCTEH M 00
MU3MCHEHHH COCTOSIHUS HEHPO()U3NOIOTNIeCKHX MEXaHU3MOB, 00€CIICUHBAIOIINX YISPKAHUE O3 IPU OBICTPOM
BCTaBaHWU U3 MOJOKEHUs cuisi. CpaBHUTENbHAS OLIEHKA TECTa «IpoCTasg X0Ap0a» MoKaszaja, YTo Yy KEHIIMH B
MOXMJIOM BO3pacTe MPH HOPMAJIEHOM TEMITe CTapEHUs HAOMI0AAeTCs MOBBIIICHUE IIMPHUHBI I11ara, CHIDKCHUE CKO-
poctu xonp0ObI. B TecTe «ranmeMHas xoap0a» B 0OCHEIyeMBIX IPyIIax 3HAYMMBIX Pa3iuduil He 0OHAPYKEHO,
YTO CBUAETEIBCTBYET 00 OTCYTCTBHU M3MEHCHUH B aIalTAllMOHHBIX CHOCOOHOCTSIX M HEHPOMU3UOIOTHICCKUX
MeXaHU3Max MMOCTYPaJIbHOTO KOHTPOJIA Y skeHIIUH 60—74 jieT ¢ HOpMaIbHBIM TEMIIOM CTapeHus. MBI Iipemnonara-
€M, 4TO COXpaHeHne F(PEKTUBHON KOOPAUHAINY ITPU XOABOE Y TTOKMIIBIX XKEHIIUH OyAeT UMETh TOJI0KUTEIEHOE
BIIMSHHUE HA MPOJODKUTEIFHOCT UX KHU3HU. B TecTe «OBICTpPHINA pa3sBOpOT» OOHAPYKEHO, YTO y TIOKIIIBIX JKCH-
IIMH ¢ HOPMAJIBFHBIM TEMIIOM CTapeHUs HaONIOmaeTcs yBENWUYeHHEe BPEMEHH pa3BOpOTa BIEBO U BIPABO, a TaK-
JKe TIOBBIILIEHHE KOoJIeOaHUsl LEHTpa TSHKECTH NpU pa3Boporax. [loyueHHble JaHHbIe YKa3bIBalOT Ha CHUIKEHUE Y
JKCHIIMH ¢ HOPMAJIBHBIM TEMIIOM CTApPEHNUS aJanTallMOHHBIX COCOOHOCTeH U pyHKIuMiT Helipodu3nonornyecknx
MEXaHNU3MOB CJIOKHBIX IBUTATEIbHBIX aKTOB.
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