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RATIO OF THE LEVEL OF NECROSIS
AND APAPTOSIS OF PERIPHERAL
BLOOD NEUTROPHILS

The purpose of the work is to find out limits and ratio of the activity of apoptosis and necrosis of neutrophil granulocytes in venous peripheral
blood in apparently healthy people. Materials and methods. 138 people living in the Arkhangelsk region were examined. The survey was con-
ducted in accordance with the norms and rules of biomedical ethics approved by the Helsinki Declaration of the World Medical Association on the
ethical principles of medical research (2013). The clinical analysis of peripheral blood was carried out on a Sysmex XS-500i hematological ana-
lyzer (Japan). The study of the content of apoptotic cells in the lymph suspension was carried out by the method of double staining with annexin
V-FITC (An +/-) and propidium iodide (PI +/-). The results were evaluated on the Epics XL flow cytometer. In blood smears stained according to
Romanovsky — Gimze, the neutrogramm structure was detected by microscopy. Serum concentrations of sFas-L, TRAIL, Nt-pro-BNP, cytokines,
immunoglobulins were detected by a solid-phase immunoenzyme assay. The content of lymphocyte phenotypes was determined by double peroxi-
dase labeling using monoclonal antibodies. The boundaries of the normal quantitative distribution were determined using the Shapiro-Wilk test. The
statistical significance of differences between groups was assessed using Student's parametric t-test and Wilcoxon's test. Results. At increase in
contents the necrotic neutrophils of AnV+/PI+ statistically authentically grows concentration the apoptotic cells of AnV+/PI- against the background
of reduction of number of the circulating neutrophils, monocytes and T-helpers. The concentration of IgE and Nt-pro-BNP increases, but the level
of IL-2 decreases. Discussion. The higher concentration of Nt-pro-BNP indicates a change in cell membrane activity and osmotic pressure. With
increasing number of necrotic neutrophils, there is increase in the migration of all types of white blood cells in the tissue. In addition, the increase
in neutrophil necrosis activity in apparently healthy residents of high latitudes creates a risk of autosensitization, which is manifested by increased
levels of autoantibodies, including ds DNA. Conclusion. In apparently healthy people living in the North, at average, the total number of necrotic
neutrophils is 1,98+2,09%10° cl/l, apoptotic neutrophils — 7,0+8,25%10° cl/I. Activation of neutrophil death by necrosis can become a pathogenetic
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mechanism for damage to cell membranes (nuclear, lysosomal or cellular), as well as the formation of T-helper immunodeficiencies.
Key words: necrosis and apoptosis of neutrophils, lymphocytes, cytokines, immunoglobulins, apparently healthy people.

Apoptosis and necrosis under phys-
iological conditions, being programmed
mechanisms of cell death during or-
ganism life, have significant differenc-
es [7, 27]. Apoptosis is morphologically
manifested by signs of nucleus damage
- chromatin agglomeration, karyorhex-
is and karyolysis with the formation of
nuclear-free cells or apoptosis bodies,
which are phagocyte by macrophages.
Cell death by necrosis is due to cell lysis
resulting from impaired membrane per-
meability, including nuclear, lysosomal,
or cellular. Necrosis under physiological
conditions is initiated by the inability of
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the cell to provide active water transfer by
osmotic exchange, which requires large
energy consumption. Reduced efficien-
cy of self-regulation of cell membrane
function leads to alignment of osmotic
pressure of cytoplasm and extracellular
medium or cytoplasm and lysosomes, or
nuclear space and cytoplasm. Membrane
damage initiates complete (cytolysis) or
partial destruction of cell structures by
cell enzymes (autolysis, autophagy).
In necrosis, the contents of the cytosol,
cellular organelles, including lysosomes,
appear in the intercellular medium and
are able to initiate reactions of various
systems, primarily kallikrein-kinin, com-
plement, fibrinolysis and blood clotting.
Cytokines play an important role in the
regulation of cell death, but their role is
not so unambiguous. Stimulation of neu-
trophils with IFN-a and IFN-y leads to a
decrease in their apoptosis by tyrosine
phosphorylation of STAT1 and STATS3,
an increase in the level of mMRNA clAP2,
activation of JAK2 [35]. In addition, IFN-y,
acting on the receptors TLR2 and TLR4
inhibits the kinase p38 MAPK [14]. The
action of IFN-y may depend on the num-
ber of receptors (IFN-yR2) on the surface
of the neutrophil; at their high density,
STAT-1 is rapidly activated, the level of
IRF-1 is increased, and the programmed
death of granulocytes is triggered. With
a small amount of IFN-yR2 on the cell
membrane, a weaker activation of STAT-
1, a slower increase in the content of

IRF-1 is detected, and a neutrophil pro-
liferation program is initiated [11]. Biffl
W. L. et al. (1996) showed that IL-6 sup-
presses apoptosis of polymorphonucle-
ar neutrophils through a mechanism in-
volving a platelet activating factor, along
with an increase in the level of cytosolic
calcium [12]. According to L. Ottonello
(2002), IL-6 has an anti-apoptotic effect,
reducing the expression of the Bax pro-
tein and caspase-3 [33]. However, there
is evidence that IL-6, with the participa-
tion of IFN-y, acting through its soluble
receptors sIL-6R, causes apoptosis of
granulocytes and initiates the secretion
of CXCL5, CXCL6 chemokines to at-
tract mononuclear leukocytes [22]. IL-10
prevents programmed death of myeloid
progenitor cells, together with growth
factors promotes their proliferation. IL-10
increases the tyrosine phosphorylation
of the insulin receptor and stimulates
the activity of 3-kinase / Akt and p70 S6
[18], thereby enhancing the antiapop-
totic effect of ERK1 / 2 molecules [40].
According to other data, granulocytes,
pre-treated with lipopolysaccharides, or
TNF-a and IFN-y, interacting with IL-10
are prone to programmed death [24].
When IL-4 acts on neutrophils through
the CD132 / IL-4Ra receptors, phagocy-
tosis and cell adhesion of granulocytes
are enhanced, and their apoptosis is
delayed [19]. It is well known about the
proapoptotic activity of TNF-a, which is
characterized by an increase in the lev-
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el of IA PI3K enzymes, an increase in
the number of reactive oxygen species
and caspase-3 within granulocytes [18].
The effect of stimulating apoptosis is di-
rectly dependent on the concentration of
TNF-a [36]. However, there is information
about the antiapoptotic effect of TNF-a on
neutrophils [32]. Signaling is via TNFR1
receptors that bind to 6-PKC; the result-
ing complex promotes the activation of
ERK1 /2 and NFkB, and the suppression
of caspase 3 [25]. On the neutrophils
themselves, an increase in the amount
of membrane pro-TNF is observed [38],
the circulation of anti-apoptotic proteins
Mcl-1 and BFL-1 [16] is accelerated,
which indicates autocrine regulation of
the apoptosis process. The relationship
between blood levels of brain natriuretic
peptide (BNP) and the severity of heart
failure is well understood. It is known that
in patients with cardiovascular diseas-
es, the concentration of TNF-a in plas-
ma increases, the content of its cellular
receptor and the readiness to trigger an
apoptotic stimulus increase [21]. At the
same time, TNF-q, through the increase
in reactive oxygen species, induces nu-
clear factors of cell death, and it has
also been shown that the synthesis of a
soluble form of sFas-L is triggered with
the participation of metalloproteinases,
the activity of which is increased in pa-
tients with heart failure [28]. However, the
question of the relationship between BNP
and cytokines in the activation of cell
death, which occurs both in health and in
cardiovascular pathology, has not actual-
ly been studied. It is especially important
to study these phenomena with respect
to tissues and cells that provide regula-
tory and protective responses. Neutrophil
granulocytes are the most numerous of
the blood leukocytes. In humans, more
than 10" neutrophil granulocytes are pro-
duced per day, and the turnover is tens of
thousands of times less [17, 26]. There-
fore, the regulation of neutrophil death
is one of the most important processes
for maintaining their optimal number and
functional activity. In connection with the
above, it was interesting to find out the
limits and ratio of the activity of apoptosis
and necrosis of neutrophil granulocytes
in venous peripheral blood in apparently
healthy people. The ratio of necrosis to
apoptosis at the physiological level has
not been apparently studied. At the same
time, cell decay type may have different
biological significance for differentiation,
regeneration and renewal of cells and
their level of activation [7]. It can be as-
sumed that the change in the relationship
between physiological levels of necrosis
and apoptosis may be the cause of the

formation of immunodeficiency, auto-
sensibilization, oncopathology, chronic
course of the disease and even aging.

Materials and methods. The survey
was conducted at 138 apparently healthy
people aged 20 to 60 years living in the
Arkhangelsk region. The examined per-
sons did not suffer from acute infectious
diseases, they showed no signs of au-
toimmune and lymphoproliferative pro-
cesses. The survey was conducted in
accordance with the norms and rules of
biomedical ethics approved by the Hel-
sinki Declaration of the World Medical
Association on the ethical principles of
medical research (2013).

Clinical analysis of peripheral blood
was carried out on a Sysmex XS-500i he-
matological analyzer (Japan). The study
of the content of apoptotic cells in the
lymph suspension was carried out by the
method of double staining with annexin
V-FITC (An +/-) and propidium iodide (Pl
+/-). The results were assessed by stain-
ing or non-staining of cells: living cells -
An- / Pl-, early apoptosis - An + / Pl-, late
apoptosis - An + / Pl +, necrosis - An-/
Pl +. The analysis of the results was per-
formed by flow cytometry on an Epics XL
flow cytometer (Beckman Coulter, USA);
up to 5000 events were studied in each
sample. In blood smears stained accord-
ing to Romanovsky - Giemsa, the nuclear
formula of neutrophils (neutrogram) was
studied by microscopy (Meiji Techno, Ja-
pan). Up to 100 neutrophilic leukocytes
were counted, among which cells with 1,
2, 3, 4, 5 and more segments of the nu-
cleus were isolated [9]. To determine the
phagocytic activity of neutrophils, 100 pl
of latex and 100 pl of blood were mixed
in a test tube with heparin, then the tube
was incubated in a thermostat at + 37°C
for 30 minutes. After the lapse of time, the
supernatant fluid was taken, transferred

to a glass slide, and a smear was made.
The resulting smear was stained accord-
ing to Romanovsky-Giemsa. We took into
account the data on 100 neutrophils, from
which the phagocytic activity is calculat-
ed - the percentage of phagocytic neu-
trophils; phagocytic number - the aver-
age number of particles captured by one
cell [2]. Serum levels of sFas-L, TRAIL,
cytokines (TNF-a, IFN-y, IL-2, IL-4, IL-6,
IL-10, IL-17F) were determined by the
method of enzyme-linked immunosor-
bent assay (ELISA), immunoglobulins A,
E, M, G (kits from Bender MedSystems,
Austria), histamine (DRG, Germany), Nt-
pro-BNP (Biomedica, Austria). The reac-
tion was evaluated using a Multiskan MS
photometer (Labsystems, Finland) and
an Evolis automatic enzyme immunoas-
say analyzer (Bio-RAD, Germany).The
content of lymphocyte phenotypes was
examined by double peroxidase labeling
using monoclonal antibodies («Sorbenty,
Russia). The results of the study were
processed using the Statistica 6 appli-
cation package (StatSoft, USA). Type of
study retrospective, samples random,
one-time. The general population is resi-
dents of the north of the European territo-
ry of Russia. The boundaries of the nor-
mal distribution of quantitative measures
were determined using the Shapiro-Wilk
test. The mean and standard deviation,
median and lower, upper quartiles, were
used in the analysis of the results. The
validity of differences between groups
was assessed using Student's paramet-
ric t-test for independent samples and
Wilcoxon's nonparametric test. Statistical
validity was assigned at p<0,05.

Results and discussion. Among the
general group of examined people of
northerners, persons with a relatively in-
creased and relatively reduced content of
necrotic neutrophils AnV+/Pl+ and apop-

Content of immunocompetent blood cells in practically healthy northerners depending
on the content of dead neutrophils

Indicator Necrosis Apoptosis
<10° eI/l >3 % (1) <1%(2) >8% (3) <3% (4)
4.0(3.4-4.9)** 0.8(0.75-0.9) 14.1(10.5-14.7)* 1.9(1.3-2.4)
M+m
Leukocytes 6.9+0.51%*!2 9.1+0.58 7.64+0.76*34 8.78+0.65
Neutrophils 3.58+0.33%*12 5.5140.44 4.4340.49%3+ 5.4+0.38
Lymphocytes 2.38+0.15 2.87+0.23 2.64+0.27 2.63+0.22
Monocytes 0.26+0.04*! 0.42+0.04 0.24+0.04** 0.36+0.05
Eosinophils 0.21+0.04 0.25+0.04 0.26+0.04 0.23+0.04
ME(Q1-Q3)
AnV+/PI+ | 0.17(0.09-0.21)* 2 | 0.04(0.03-0.05) |  0.07(0.05-0.10)  |0.06(0.04-0.09)
AnV+/PI- | 0.28(0.16-0.46)* > | 0.18(0.1-0.34) | 0.5(0.41-0.68)**3- 10.1(0.07-0.14)
% act.
phagocytes 56(47-66) 50(45-56) 55(52-58) 55(48-67)

Note. Statistically significant differences: * — p < 0,05; ** —p < 0,01.



totic neutrophils AnV+/Pl- blood were
identified according to the results of la-
ser flow cytofluorimetry: AnV+/Pl+ >3%
(n=35) n <1% (n=40), p=0,0011; AnV+/
Pl- >8% (n=37) n <3% (n=36), p=0,0001.
The median values, upper and lower
quartile of the test cells are shown in Ta-
ble.

It was found that in people with high
levels of necrotic cells, the total number
of white blood cells due to segmentonu-
clear neutrophils and monocytes is low-
er. The phagocytic activity of neutrophils
does not decrease. Among the neutrophil
granulocyte population, cell content with
2, 3, and 4 nucleus segments is reduced
(Fig. 1). Concentrations of stick-nuclear
neutrophils and cells with 5 or more nu-
cleus segments did not actually differ. It
has long been known that mainly mature
neutrophils undergo autolysis, young
cells autolysis more slowly [5, 10].

No significant differences in lympho-
cyte, eosinophil and basophil content
have been established. Against the back-
ground of an increase in the content of
necrotic neutrophil granulocytes, the
concentration of apoptotic cells (AnV+/
PI-; p<0,001). In the ratio of the activity
of apoptosis and neutrophil necrosis, the
following patterns were revealed: with an
increase in the level of neutrophil necro-
sis > 3%, the average value of the ratio is
2,93+0,60, in the conditions of a decrease
in the level of cellular necrosis < 1%, this
ratio increases sharply 7,95+1,76.

With increasing the neutrophil ne-
crosis activity, the absolute content of
circulating mature T-lymphocytes (from
0,77+0,06 to 0,62+0,04x10°cl/l, p=0,038)
due to T-helpers (from 0,69+0,06 to
0,54+0,04x10° cl/l, p=0,023). The av-
erage total lymphocyte content and the
remaining phenotypes CD8+, CD10+,
CD16+, CD23+, CD25+, CD71+, HLADR,
CD95+ remain virtually unchanged (Fig.

2). The reduction of circulating neutro-
phils, monocytes and T-helpers against
the background of increased levels of
necrotized neutrophils in the blood allows
us to believe with some certainty that the
migration of white blood cells in tissues
under these conditions becomes more
active. It seems that with the growth of
necrotic leukocytes, there is an increase
in the migration of all types of leukocytes
into the tissue. However, due to the low
blood concentrations of some of them
(basophils, eosinophils, monocytes) and
their predominant presence in tissues,
the change in the level of these cells in
the periphery is less pronounced.

With increasing the neutrophil necro-
sis activity, the content of the natriuretic
peptide Nt-pro-BNP is higher [112,9(48,7-
147,0) and 27,4(17,1-50,4) fmol/ml,
respectively; p=0,012], Statistically sig-
nificant increase of natriuretic peptide
concentration indicates change of cell
membrane activity and osmotic pres-
sure [3, 20]. Not revealed reactions to
increase in activity of necrosis of neutro-
phils from IgM [3,1(2,7-3,6) and 2,9(2,6-
3,3) g/l, p=0,871], 1gG [8,8(3,9-10,9) and
7,6(3,7-9,6) g/l, p=0,568], IgA [1,2(1,0-
1,5) and 1,3(0,9-1,5) g/l, p=0,932] and
also in the maintenance of a histamine
[0,96(0,47-1,27) and 0,91(0,61-1,42) ng/
ml, p=0,579] and extracellular sFas-L
[0,1(0,07-0,25) and 0,07(0,04-0,12) ng/
ml, p=0,531].

The cytokine profile of people with
the level of granulocytes AnV+/Pl+ more
than 3% is characterized by falling of
concentration of IL-2 from 16,3(2,4-18,2)
to 7,8(4,2-12,7) pg/ml, p=0,016, against
the background of rather stable main-
tenance of TNF-a [23,0(19,7-34,1) and
25,8 (17,9-32,0) pg/ml], IFN-y [19,9(19,6-
20,1) and 19,8(19,7-20,0) pg/ml], IL-4
[3,9(2,3-11,7) and 5,6 (2,3-7,9) pg/ml],
IL-6 [7,8(5,3-13,5) and 10,3(7,0-13,2)
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pg/mi], IL-10 [0,34(0,05-0,38) and 0,98
(0,09-2,0) pg/mi], IL-17F [47,8(39,1-53,7)
and 49,0(42,5-58,3) pg/ml], p>0,05.

The higher IgE concentrations [from
17,3(9,4-33,3) to 31,1(12,5-59,9) 1U/ml;
p=0,023] can be explained by the fea-
tures of Ig of this class. IgE is a typical
secretory Ig capable of rapid redistribu-
tion to the center of disadvantage effec-
tively neutralizes, binds and reduces con-
centrations of antigen structures [23, 30].
Moreover, cytolysis with the participation
of reagents occurs almost instantly.

The increase in neutrophil necrosis
activity in apparently healthy residents
of high latitudes creates a risk of auto-
sensitization, which is manifested by in-
creased levels of autoantibodies, includ-
ing ds DNA [4, 8]. An increase in TRAIL
concentrations [from 11,4(4,4-56,6) to
40,6(8,4-60,1) pg/ml, p=0,026] associ-
ates with apoptosis activity.

Thus, with raising the death of poly-
morphonuclear neutrophil granulocytes
of more than 3% leads to the decreased
content of neutrophils circulating in pe-
ripheral venous blood without reducing
their phagocytic activity. It is known that
more than 60% of circulating neutrophils
are potential phagocytes, they interact
with the object of phagocytosis, form
traps, produce active oxygen species
and undergo apoptosis [6, 13]. Secret-
ing neutrophils fully enter the circulating
pool, have permeable membranes, pro-
duce less active oxygen species, and are
practically not involved in apoptosis [1].
Autophagy regulates homeostasis in the
endoplasmic reticulum [37]. In turn, the
Toso gene inhibits autophagy and apop-
tosis, and IL-2 STAT5-dependent method
suppresses formation of the Toso recep-
tor [31]. Therefore, the reduction in IL-2
content under the conditions of increased
necrosis and apoptosis, when the level of
neutrophil death increases by more than

x10° cl/l x10° cl/l
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Fig. 1. Neutrogramm of peripheral blood of practically healthy people
depending on the content of necrotic neutrophils

Fig. 2. Content of peripheral blood lymphocyte phenotypes in prac-

tically healthy people depending on necrotic neutrophil content
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4 times, is not accidental. The ability to in-
traphagosomal degranulation gives neu-
trophils, the ability to regulate the func-
tional activity of many immunocompetent
cells, including lymphocytes, at autocrine
and paracrine levels [34, 39]. Reduction
of T-helper content in necrosis-increasing
situations may result from increased lym-
phocyte migration and recycling activity.

Conclusion. In apparently healthy
people living in the North, on average,
the total number of necrotic neutrophils
is 1,98+2,09%x10° cl/l, apoptotic neutro-
phils — 7,0+£8,25x%10° cl/l. With increasing
neutrophil necrosis > 3% (0,16+0,08x%10°
cl/l), people record an average level of
apoptotic  neutrophils  0,29+0,21x10°
cl/l, in the situation of reducing necrosis
activity < 1% (0,04+0,03x10° cl/l), the
number of apoptotic neutrophils is equal
to 0,28+0,38x10° cl/l. The activation of
neutrophil death by necrosis can become
a pathogenetic mechanism for damage
to cell membranes (nuclear, lysosomal
or cellular), as well as the formation of
T-helper immune deficiencies.

The work was carried out within the
framework of the program of funda-
mental scientific research on the topic
of the laboratory of Environmental Im-
munology of the Institute of Physiolo-
gy of Natural Adaptations of FCIARC-
TIC UrO RAS Ne State Registration of
AAAA-A17-117033010124-7.
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T.P. Shiryaeva, A.V. Gribanov, D.M. Fedotov, O.A. Rumyantseva
EVALUATION OF PARAMETERS OF THE
DYNAMIC COMPONENT OF POSTURAL
BALANCE IN ELDERLY WOMEN

The aim of the study was to develop centile tables to assess basic parameters of the dynamic components of the postural bal-
ance in women 60-74 years old. Three groups of women aged 60-64 years, 65-69 years, and 70-74 years, with a total number of
186 people, were examined. Evaluation of main indicators of the postural balance was carried out using the computer stabilomet-
ric complex "Balance Manager". The presented standards will help to increase the information content of research and objective
analysis of the results obtained, as well as to evaluate the effectiveness of the implementation of measures to maintain normal,
safe walk or prevention of mobility restriction.

Key words: dynamic component of postural balance, women, elderly age, centile grade.

Introduction. Domestic and interna-
tional studies have shown that the main
component of active longevity is the pres-
ervation of autonomy and mobility in the
elderly. In order to minimize and prevent
the loss of an independent, autonomous
existence, specialists working with older
people should timely determine the level

SHIRYAEVA Taisia Petrovna — researcher of
the Laboratory of Physiology of Muscular Ac-
tivity and Physical Education, Institute of Age
Physiology of the Russian Academy of Sci-
ence; Junior Researcher, Institute of Biomed-
ical Research, Northern (Arctic) Federal Uni-
versity named after M.V. Lomonosov, e-mail:
taisia.moroz@yandex.ru; +79095538101,
GRIBANOV Anatoliy Vladimirovich — Hon-
ored Scientist of the Russian Federation,
doctor of Medical Sciences, professor, chief
researcher of the Laboratory of Comprehen-
sive Studies of Adaptation Processes, Insti-
tute of Age Physiology of the Russian Acad-
emy of Science; professor of the Department
of Human Biology and Biotechnical Systems,
Northern (Arctic) Federal University named
after M.V. Lomonosov, e-mail: a.gribanov@
narfu.ru. 8 (8182) 21-61-00, FEDOTOV Denis
Mikhailovich — candidate of Medical Scienc-
es, associate professor of the Department of
Hygiene and Medical Ecology, Northern State
Medical University; Associate Professor of the
Department of Technosphere safety, North-
ern (Arctic) Federal University named after
M.V. Lomonosov, e-mail: doctorpro@yandex.
ru;  +79009136215, RUMYANTSEVA Olga
Anatolievna — candidate of Pedagogical Sci-
ences, associate professor of the Department
of Sports Disciplines, Northern (Arctic) Fed-
eral University named after M.V. Lomonosov,
e-mail: o.rumyantseva@narfu.ru; 8 (8182) 21-
61-00

of risk that a future decrease in mobility
can predict [2, 4, 6, 7]. The analysis of
walking is a widely used indicator of the
effectiveness of the functioning of lower
extremities in particular, and the postur-
al balance as a whole [3, 5, 6, 9, 10].
Changing the main parameters of a dy-
namic component of the postural balance
is a clear indicator of the preservation of
the dynamic component of the postural
balance, since they are the most sensi-
tive to future changes in the functional
state of the body of the elderly women.
However, in modern domestic literature
data there is no information about stan-
dards for evaluating the main indicators
of the dynamic component of the postural
balance in elderly women [1, 8, 11-15].
The purpose of the study was to devel-
op centile tables for evaluating the main
parameters of the dynamic components
of the postural balance in women 60-74
years old.

Materials and research methods.
A cross-sectional study was conduct-
ed with the informed consent of partici-
pants. The study involved 186 women,
aged 60-74 years, who were divided into
age groups: 60-64 years old - 61 people
(average age - 62.8 + 1.3 years), 65-69
years old - 63 people (average age - 67.8
+ 1.8 years), 70-74 years - 62 people (av-
erage age - 73.1 = 1.1 years). All women
in the course of the study were mobile
and did not use additional means of sup-
port when walking. The following exclu-
sion criteria were considered: a history
of strokes, dementia, being registered in
a neuropsychiatric dispensary, traumatic

brain injuries, acute and chronic diseases
during the exacerbation period, as well as
permanent residents in nursing homes.

The evaluation of the main param-
eters of the dynamic component of the
postural balance was carried out using
the Balance Manager computer stabilo-
metric complex and included the follow-
ing tests and parameters: Sit to Stand
test (Weight Transfer Time, Rising Index,
Sway Velocity), Walk Across (Step Width,
Step Length, Speed), Tandem Walk (Step
Width, Speed, End Sway), Step - Quick
Turn (Time (with left and right legs), Sway
(with left and right legs)), Step — Up and
Over (Lift Up Index (with left and right
legs), Movement Time (with left and right
legs), Impact Index (with left and right
legs)) [1-3].

Statistical processing of the obtained
data was carried out using the applica-
tion package SPSS 21.0 for Windows.
For each of the studied indicators, the
distribution of signs on normality was as-
sessed using the Shapiro — Wilk criterion.
For each of the studied indicators, arith-
metic means (m), standard deviations
(s), and values equal to 10, 25, 50, 75,
and 90 centiles in each of the age groups
were calculated.

Results and discussion. Tables 1-3
show the centile distribution of the main
parameters of the dynamic component
of the postural balance in women of the
studied age groups, namely 60-64 years
old, 65-69 years old, 70-74 years old. As
a result of the data analysis with increas-
ing age, in all the studied groups there
is a uniform offset of median values of



