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Abstract

Methods for evaluating the functional 
state of the body and physical fitness of 
men and women in the second period 
of adulthood have been analyzed in the 
article. The timely diagnosis of these in-
dicators allows to optimally distribute 
exercises and adjust them to each train-
ee. Indicators of the functional state of 
the body and physical fitness should be 
analyzed in combination, as it allows to 
obtain more accurate results. 

Materials. Analysis of methods for 
evaluating the physical and functional 
state of the body is presented in the ar-
ticle. 

Methods. The following research 
methods have been used in the article: 
analysis and systematization of scientif-
ic and methodological literature, peda-
gogical experiment, testing, and statis-
tical data processing. 

Results. The research has been con-
ducted with the purpose of analyzing 
the existing methods for evaluating 
the physical and functional state of 
the body. The results of a comprehen-
sive research of the indicators of the 
functional state and physical f itness 
are more accurate because the human 
factor is taken into account (the par-
ticipants could not accurately meet 
the targets in the calculation). The re-
sults have led to a conclusion about the 
need to use a wide range of methods 
for diagnosing the functional state and 
physical fitness. 

Conclusion. Conditions for cor-
rect performance should be honored 
in functional tests and physical fitness 
tests, as this influences the reliabili-

ty of the data. The results have led to 
a conclusion about the need to use a 
wide range of methods for diagnosing 
the functional state and physical fit-
ness.

Keywords: functional state of the 
body, physical fitness, adulthood.

Introduction

There is a need to preserve and strength-
en the health of men and women in 
the second period of adulthood in the 
modern society because it contributes 
to the solution of the economic, social, 
demographic, and cultural problems of 
society and is of scientific and practical 
interest [1].

The WHO experts note that about 
60% of the world’s population do not 
comply with the recommended levels of 
physical activity necessary to maintain 
health. Physical inertness is a factor of 
global mortality (1.9 mln deaths in the 
world) [2-4].

There is an upward trend in the 
number of adults who require special-
ly selected exercises and individually 
dosed loads. This requires timely moni-
toring of the functional state and phys-
ical fitness. Given these indicators, the 
physical load can be optimally selected 
and adjusted for each trainee [7].

G.L. Apanasenko investigated the 
problem of assessing human health. 
D.N. Gavrilov, V.V. Malinin, and 
M.A. Savenko studied the problem 
of the motor activity of adult people. 
O.P. Shchepin described the issues of 
modern regional peculiarities of pub-
lic healthcare in Russia. A.I. Kibzun, 

Analysis of Methods for Evaluating the 
Functional State and Physical Fitness of Men 
and Women in The Second Period of Adulthood
V. S. Belyaev, A. E. Stradze, I. A. Malygina, Dmitriy Nikolaevich Chernogorov
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E.R. Goryainova, and A.V. Naumov 
described the theory of probability and 
mathematical statistics.

Methods and 
Arrangement of Research

A total of 48 people – men aged 35 – 60 
and women aged 35 – 55 training at the 
sports and recreation center Legenda 
LLC – were involved in the research.

The breath-holding and Ruffier’s 
tests were used on the first day to eval-
uate the functional state; standard tests 
of basic physical qualities (endurance, 
strength, flexibility, speed quality, and 
speed and power quality) were used to 
evaluate physical fitness.

A set of tests where values ​​were mea-
sured before and after cardio load was 
used on the second day of testing with 
the same training group. A 9-minute 
test on a cycle ergometer was chosen 
(the load was gradual, 50 – 100 and 
150% of body weight with a pulse of up 
to 150 bpm).

Aside from the traditional indicators 
of heart rate and blood pressure, the fol-
lowing indicators were also taken into 
account on the second day: pulse rate, 
cardiac output, stroke pressure, cardiac 
and stroke index, left ventricular con-
traction rate, and stroke volume. The 
functional state of the cardiovascular 
system was evaluated before and after 
the exercises [8].

Results

A comprehensive analysis of the func-
tional state of the body and physical 
fitness allows to more efficiently con-
trol and adjust physical activity during 
training. This is an important tool for 
managing the training process. Tables 
below show the indicators of the func-
tional state and physical fitness of the 
adult men and women before and after 

the experiment. The efficiency of the 
training process management can be 
judged by the dynamics of the results.

Table 1 presents the dynamics of 
indicators of the functional state of the 
women aged 35 – 55 before and after 
the experiment. Significant differences 
are observed in both groups of testees 
by the breath-holding (sec) and Ruffier’s 
tests (c.u.).

Table 2 presents the dynamics of 
indicators of the functional state of the 
men aged 35 – 60 before and after the 
experiment. Significant differences are 
observed in both groups of testees by 
the breath-holding (sec) and Ruffier’s 
tests (c.u.).

Table 3 presents the dynamics of 
indicators of the physical fitness of the 
women aged 35 – 55 before and after 
the experiment. Significant differences 
are observed in both groups of testees by 
the tests for evaluating speed qualities, 
speed and power qualities, strength, 
endurance, and f lexibility. There is a 
moderately developing impact of the 
experimental program.

Table 4 presents the dynamics of 
indicators of the physical fitness of the 
men aged 35 – 60 before and after the 
experiment. Significant differences are 
observed in both groups of testees by 
the tests for evaluating speed qualities, 
speed and power qualities, strength, en-
durance, and flexibility. There is mod-
erately developing impact of the exper-
imental program.

Conclusion

The conditions for correct performance 
should be honored in functional tests 
and physical fitness tests, as this in-
fluences the reliability of the data. The 
results of the comprehensive research 
of the indicators of the functional state 
and physical fitness are more accurate 
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Table 1. Dynamics of indicators of the functional state of the women aged 35 – 55

Tests

EG (n=12)

 P1

CG (n=12)

P2
Before 

experiment
After 

experiment
Before 

experiment
After 

experiment

M ± m M ± m M ± m M ± m

breath-holding (expiration, sec) 17 ± 0.5 19.5 ± 0.9 <0.05 17.2 ± 0.6 18.2 ± 0.7 <0.05

breath-holding (inspiration, sec) 29.6 ± 1.3 35.4 ± 1.4 <0.05 28.5 ± 1.3 29.8 ± 1.1 <0.05

Ruffier’s (c.u.) 9.8 ± 0.6 8.3 ± 0.4 <0.05 9.8 ± 0.7 9.2 ± 0.6 <0.05

Table 2. Dynamics of indicators of the functional state of the men aged 35 – 60

Tests

EG (n=12)

P1

CG (n=12)

P2
Before 

experiment
After 

experiment
Before 

experiment
After 

experiment

M ± m M ± m M ± m M ± m

breath-holding (expiration, sec) 27 ± 0.5 29.5 ± 0.9 <0.05 27.2 ± 0.6 28.2 ± 0.7 <0.05

breath-holding (inspiration, sec) 39.6 ± 1.3 45.4 ± 1.4 <0.05 38.5 ± 1.3 39.8 ± 1.1 <0.05

Ruffier’s (c.u.) 14.8 ± 0.6 12.3 ± 0.4 <0.05 14.2 ± 0.7 11.2 ± 0.6 <0.05

 

Table 3. Dynamics of indicators of the physical fitness of the women aged 35 – 55

Tests

EG (n=24)

 P1

KG (n=24)

P2
Before 

experiment
After 

experiment
Before 

experiment
After 

experiment

M ± m M ± m M ± m M ± m

Test to evaluate speed qualities.
Running 30 m (sec.)

6.1 ± 0.5 5.4 ± 0.3 <0.05 6.2 ± 0.4 5.6 ± 0.7 <0.05

Test to evaluate speed 
and strength qualities.
Long jump (cm)

155.6 ± 1.3 160.4 ± 1.4 <0.05 154.5 ± 1.3 158.8 ± 1.1 <0.05

Test to evaluate strength.
Lifting torso forward 
(count per 60 sec)
Lifting torso back, 
bending (count per 60 sec)
Pulling on a high bar 
(M)
Pulling on a low bar 
(W)

30.6 ± 0.6

13.6 ± 0.6

-

5.6 ± 0.6

36.3 ± 0.4

18.6 ± 0.6

-

10.6 ± 0.6

<0.05
29.8 ± 0.7

14.6 ± 0.6

-

6.0 ± 0.6

34.4 ± 0.6

17.6 ± 0.6

-

9.6 ± 0.6

<<0.05

Test to evaluate endurance. 
Cooper test (km in 12 min)

1.6 ± 0.4 2.3 ± 0.5 <0.05 1.7 ± 0.4 2.1 ± 0.2 <0.05

Test to evaluate flexibility.
Tilt standing forward (cm)

5.7 ± 0.6 10.3 ± 0.4 <0.05 6.8 ± 0.7 7.2 ± 0.6 <0.05
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because the human factor is taken into 
account (the participants could not ac-
curately meet the targets in the calcula-
tion). The results have led to a conclu-
sion about the need to use a wide range 
of methods for diagnosing the func-
tional state and physical fitness.
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Test to evaluate speed qualities.
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Test to evaluate speed and 
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Impact of the Motor Activity of Men and 
Women in the Second Period of Adulthood on 
Physical Fitness and Functional Indicators
V. S. Belyaev, A. E. Stradze, I. A. Malygina, S. Ustinov

Abstract

The motor activity belongs to controllable 
factors that influence human health because 
it ensures disease prevention. Analysis of 
scientific publications has revealed that 
motor activity of adult people is insuffi-
cient; this leads to the development of hypo-
dynamia and worsens health. The level and 
nature of motor activity should correspond 
to the peculiarities of the body (age, gender, 
functional state, physical fitness, etc.).

This problem requires the study of the 
relationship between the motor activity of 
the adult men and women and their in-
dicators of physical fitness and functional 
state of the body.

The relationship between the motor ac-
tivity and indicators dependent on it has 
been reviewed in the article. The impact of 
the motor activity on the functional state of 
the body and physical fitness has been de-
termined.

The results have led to a conclusion that 
the motor activity of adults should be ana-
lyzed along with the study of indicators of 
functional state and physical fitness. 

Keywords: motor activity, functional 
state of the body, physical fitness, adulthood.

Introduction

The issue of motor activity deficit is 
currently relevant. This also applies to 
adults [1-4]. It is widely known that 
this cohort largely has poor health and 
insufficient level of physical fitness and 
functional state.

As a result of hypodynamia, prob-
lems arise, such as overweight, poor 
performance, low self-esteem, insuffi-

cient social interaction, and the devel-
opment of chronic diseases. Numerous 
studies confirm that these problems 
are associated with the motor activity, 
which has an indispensable role in hu-
man life [5-9].

The motor activity is needed in 
adulthood to slow aging and involution-
al changes in the body [1, 10-13].

The preliminary studies of the au-
thors have confirmed the need for a 
further thorough study of the motor 
activity of adults in the modern society.

N.N. Vengerova, G.M. Lavrukhina, 
O.V. Sapozhnikova, and A.Yu. Fedoro-
va were engaged in the arrangement of 
the motor activity of adults. A.G. Ka-
tranov studied the problems of comput-
er processing of experimental data.

I.A. Arshavsky explored the age 
physiology problem. A.N. Usatov stud-
ied the issues of independent training 
as a means of increasing motor activity. 
T.A. Yashina explored the problem of 
optimizing loads in weight recreational 
activities.

The purpose of the study is to mea-
sure the impact of the motor activity of 
adults on physical fitness and functional 
indicators.

Scientific and practical significance 
of the study is that the obtained re-
sults can be used for further scientific 
research. The identified indicators can 
be used in the practice of coaches and 
teachers. Timely control will allow to 
adjust the load, taking the functional 
state and physical fitness into account, 
and more efficiently arrange the train-
ing process. Besides, the obtained pa-
rameters can be used as a methodologi-
cal material in training.
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Materials and 
Organization of the Study

The pedometering method was used to 
measure the motor activity. The number 
of movements per day was tracked by a 
pedometer fixed on the belt. In accor-
dance with this method, the motor ac-
tivity is measured in the total amount 
of daily locomotion. The data on the 
amount of the motor activity of 96 regu-
larly exercising adults (46 of which were 
men and 50 were women) with a basic av-
erage level of fitness have been collected 
over three months. All the participants 
in the experiment have attended Atlant 
and Legenda sports and fitness centers 
in Sergiev Posad from two months to 
one year [4, 6, 9]. The sample included 
only the participants who received full 
information about the study and gave 
informed and voluntary consent to par-
ticipate. The testees were in good health, 
all the participants were informed of the 
possible risks and gave their written con-
sent to participate. The study complied 
with all ethical standards.

A polar group method was used to de-
termine the impact of the motor activity 
of adults on the level of their functional 
state and physical fitness. 25% of people 
with the highest motor activity and 25% 
of people with the lowest motor activity 
were selected. As such, two groups 24 
people each were formed: the first group 
with low motor activity and the second 
with high motor activity [4, 14].

The average daily locomotive activi-
ty was 6,123.56 steps in the group with 
low motor activity and 12,543.54 steps 
in the group with high motor activity 
(Table 1).

The level of physical fitness, physical 
performance, and functional indicators 
were measured in the participants of the 
first and second groups simultaneously.

Standard tests were used to measure 
physical f itness: 30 meters running, 
long jump from the spot, lifting the 
body from a prone position, hanging 
on the crossbar, push-ups in the upright 
position, and leaning forward (Table 2).

The functional state of the body was 
measured by the following indicators: 

Table 1. Daily motor activity of the men and women in the second period of adulthood by the 
polar group method

Groups n Daily motor activity (steps)  (M ± m)

Group with low motor ac tivi t y 24
6,123.56
± 176.58

Group with high motor ac tivi t y 24
12,543.54
± 502.48

Table 2. Reliability of differences in physical fitness indicators among people in the second 
period of adulthood (with low and high motor activity)

Groups n

Physical fitness indicators (M ± m)

30 meters 
running 

(sec)

lif ting the 
body from 

a prone 
position 

(count per 
min)

push-ups in 
the upright 

position 
(count)

leaning 
torso 

forward, 
standing 

on a bench 
(cm)

hanging on 
the bar on 
bent arms 

(sec)

long jump 
from the 
spot (cm)

Group with 
low motor 
ac tivi t y

24
6.02

 ± 0.14
30.13

 ± 0.83
12.40
 ± 1.2

6.00
 ± 1.29

9.06
 ± 1.3

165.8
 ± 6.32

Group with high 
motor activity

24
5.06

 ± 0.13
35.53
 ± 1.38

18.73
 ± 2.49

6.46
 ± 1.82

13.93
 ± 1.77

173.13
 ± 5.35

P P < 0.05 P < 0.05 P < 0.05 P > 0.05 P < 0.05 P > 0.05
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body weight (kg); body length (cm), 
Quetelet index (c.u.), vital index (lung 
capacity/body weight, c.u.), and Robin-
son index (HR*SBP/100, c.u.) (Table 3).

The level of physical performance of 
the adult men and women was studied 
with the purpose to determine the state 
of the cardiovascular system; functional 
tests involved the recording of the car-
diorespiratory system indicators after 
the exercise (Harvard step test (c.u.) and 
Ruffier’s test (c.u.) (Table 4).

Indices with a change in pulse in the 
recovery period were calculated to in-
terpret the results. The endurance indi-
cators are higher for the bodies in which 
recovery processes occur faster [14, 15].

Results and Discussion

The authors compared the above indi-
cators of the first group (with high mo-

tor activity) and the second group (with 
low motor activity) in the course of the 
study. They analyzed the impact of the 
motor activity on the indicators of phys-
ical fitness, physical performance, and 
functional state of adults.

The statistical data were processed in 
software SPSS 15.0. The Shapiro-Wilk 
criterion was used to check for the nor-
mal distribution of the measured vari-
ables. The parametric methods (Student 
test) were used for dependent samples in 
the case of a normal distribution of vari-
ables, and the nonparametric methods 
(Wilcoxon test) were used in the case of 
nonnormal distribution. The indicators 
that obey the law of normal distribu-
tion are presented as arithmetic mean 
(M), and standard deviation errors (m), 
which do not obey the law of normal 
distribution, are presented as arithmetic 
mean (Md). Differences were consid-
ered statistically significant at p < 0.05.

Table 3. Reliability of differences in functional indicators among people in the second period 
of adulthood with low and high motor activity

Groups n

Functional indicators (M ± m)

weight
(kg)

height
(cm)

Quetelet 
index 
(c.u. )

lung 
capacity

(ml)

vital index
(c.u. )

strength 
index
(c.u. )

Robinson 
index 
(c.u. )

Group with low 
motor activity

24
75.5

 ± 5.3
175.00
 ± 8.55

24.83
 ± 1.05

3520.00
 ± 88.00

46.93
 ± 2.76

0.55
 ± 5.85

75.27
 ± 6.01

Group with 
high motor 
ac tivi t y

24
72.20
 ± 5.65

175.00
 ± 5.00

23.59
 ± 0.53

3993.00
 ± 88.61

55.36
 ± 1.73

0.65
 ± 0.01

84.43
 ± 1.60

P  > 0.05  > 0.05  > 0.05 ≤ 0.05 ≤0.05 ≤ 0.05 ≤ 0.05

Table 4. Reliability of differences in physical performance indicators among people in the 
second period of adulthood with low and high motor activity

Groups n

Physical performance indicators (M ± m)

Ruffier ’s test
(c.u. )

Harvard step test
(c.u. )

Group with low motor 
activity 24

8.80
 ± 0.83

59.50
 ± 1.94

Group with high 
motor ac tivi t y 24

5.26
 ± 0.57

66.62
 ± 1.35

P  < 0.05  < 0.05
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Significant differences (P < 0.05) 
were observed in the following: running 
for 30 meters was 6.02 ± 0.14 (sec) in 
the group with low motor activity and 
5.06 ± 0.13 (sec) in the group with high 
motor activity. Lifting the body (from 
a prone position (count per min)) was 
30.13 ± 0.83 and 35.53 ± 1.38, respec-
tively. Push-ups in the upright position 
(count) was 12.40 ± 1.2 in the group 
with low motor activity and 18.73 ± 2.49 
in the group with high motor activity. 
Hanging on the crossbar (sec) was 9.06 
± 1.3 and 13.93 ± 1.77, respectively. No 
significant differences (P > 0.05) were 
found in leaning forward (cm) (6.00 ± 
1.29 and 6.46 ± 1.82) and a long jump 
from the spot (cm) (165.8 ± 6.32 and 
173.13 ± 5.35, respectively). Speed and 
strength qualities and flexibility must 
be developed by special exercises.

Comparison of the functional state 
of the bodies in the first and second 
groups indicated that the lung capacity 
was 3,520.00 ± 88.00 (ml) in the group 
with low motor activity and 3,993.00 ± 
88.61 (ml) in the group with high motor 
activity. The vital index was 46.93 ± 2.76 
and 55.36 ± 1.73 (c.u.), respectively. The 
power index (c.u.) was 0.55 ± 5.85 and 
0.65 ± 0.01, respectively. The Robinson 
index (c.u.) was 75.27 ± 6.01 and 84.43 
± 1.60, respectively. They all had signif-
icant differences (P < 0.05). The adults 
with high motor activity have higher 
results of the cardiovascular system and 
respiratory systems activity than the co-
hort with low motor activity [3, 4, 6, 8].

No significant differences (P > 0.05) 
were found in the body weight/height 
indicators and Quetelet index – these 
indicators depended more on genetics 
than on the motor activity. The group 
with low motor activity had an average 
body weight of 75.5 ± 5.3 (kg), while 
the group with high motor activity had 
an average body weight of 72.20 ± 5.65 
(kg). The group with low motor activ-
ity had an average height of 175.00 ± 
8.55 (cm), while the group with high 

motor activity had an average height of 
175.00 ± 5.00 (cm). Quetelet index (c.u.) 
was 24.83 ± 1.05 in the group with low 
motor activity and 23.59 ± 0.53 in the 
group with high motor activity. 

Signif icant differences were ob-
served between the groups with low 
and high motor activity in the Ruffier’s 
and Harvard step test indices (P < 0.05). 
The Ruffier’s index was 8.80 ± 0.83 (c.u.) 
in the group with low motor activity 
and 5.26 ± 0.57 (c.u.) in the group with 
high motor activity. The Harvard step 
test index was 59.50 ± 1.94 in the group 
with low motor activity and 66.62 ± 
1.35 (c.u.) in the group with high motor 
activity. 

Conclusion

The significant differences between 
groups with high and low motor activi-
ty have been identified in almost all the 
parameters under study, which proves 
the hypothesis of the study. These in-
dicators were significantly higher in the 
group with high motor activity than in 
the group with low motor activity.

The motor activity of adults has di-
rect impact on the indicators of physical 
fitness, functional state, and perfor-
mance. The sufficient motor activity of 
adults contributes to the improvement 
and maintenance of physical fitness, 
functional state and working efficiency 
at a health-safe level. 

This study has indicated that the mo-
tor activity of adults should be studied 
along with indicators of physical fitness 
and functional state.
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Abstract

The purpose of the present work is to study 
the satisfaction with the working and 
living conditions as assessed by partici-
pants of the Zemsky Doctor program in 
rural areas. Materials and methods. The 
study has been carried out by the Tyumen 
State Medical University of the Minis-
try of Health of the Russian Federation 
in association with the Tyumen Public 
Health Department based on surveying 
288 doctors participating in the Zemsky 
Doctor program in the Tyumen Region 
(excluding districts). Main results. As a 
result of the analysis, it has been revealed 
that one of the main factors of job satis-
faction is opportunities of professional 
and career development. The analysis has 
shown that on average the program par-
ticipants give a rather high assessment of 
the living conditions, although depending 
on municipal districts the satisfaction con-
siderably differs. Conclusion. The working 
and living conditions in the rural areas 
under the study have been grouped ac-
cording to the respondents’ satisfaction. 
The main factors of dissatisfaction with 
the working and living conditions in the 
rural areas included career opportunities, 
leisure conditions, opportunity for pro-
fessional growth, and the need for dom-
iciliary duty. The obtained results can be 
used by the management of both medical 
organizations and municipal districts to 
solve the personnel problems in the area 
of the rural health care when taking rel-
evant management decisions. Substan-
tiation of the study novelty. The Zemsky 
Doctor program has been in force in the 
Russian Federation since 2012. Its imple-
mentation showed that the program had 

only partially solved the personnel prob-
lem in the area of the rural health care. 
Some participants of the Zemsky Doctor 
program prematurely terminated the con-
cluded contracts. In this regard, it is nec-
essary to carry out studies on the reasons 
of dissatisfaction with the working and 
living conditions in the rural areas.

Keywords: rural health care, human 
resources, medical workers, the Zemsky 
Doctor program, motivation, satisfaction

Introduction

The population’s life quality largely de-
pends on the state of health care and, 
above all, on the medical personnel 
[1–4]. The Zemsky Doctor program im-
plemented in the Russian Federation 
since 2012 aims at solving the problem 
of providing the rural population with 
doctors and, as a result, improving the 
availability and quality of medical care 
for the population [5]. At the same time, 
the program implementation has shown 
that far from all program participants 
agree to work in rural areas because of 
one-time payment in the amount of one 
million rubles [6].

The analysis of the living condi-
tions in rural areas allows stating that 
the better the living conditions in the 
locality are organized, the more attrac-
tive the jobs for specialists including 
doctors are [7, 8]. The results of a num-
ber of studies confirm the hypothesis 
that in order to solve the problem of 
providing the rural population with 
medical personnel, it is important to 
create comfortable living conditions 
in the locality, as well as at the work-
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place in the organization [9–13]. It 
is a problem for the authorities of all 
levels and branches to retain special-
ists in rural areas because the medical 
and demographic characteristics of the 
population depend on providing rural 
areas with qualified doctors [14]. It is 
necessary to solve the problem based 
on studying the specialists’ motivation 
[15, 16]. Studies of the factors that mo-
tivate participants of the Zemsky Doctor 
program in the Tyumen region indi-
cate that there is a need for a deeper 
study of the doctors’ satisfaction with 
the working and living conditions in 
rural areas [17, 18].

Materials and Methods

The study was carried out to assess the 
level of satisfaction with the working 
and living conditions in rural areas. The 
object of the study was the doctors who 
worked in medical organizations locat-
ed in 17 rural districts of the Tyumen 
Region and who concluded an agree-
ment on the Zemsky Doctor program. 
The method of collecting information 
was a questionnaire-based survey. Two 
hundred and eighty-eight people were 
interviewed. This was about 85 % of all 
participants in the Zemsky Doctor pro-
gram as on the study date – January 1, 
2018. The largest number of partici-
pants were in the Tyumen municipal 
district (111 people – 38.5 %). This was 
the area with the largest population and 
number of district hospitals and dispen-
saries. The share of participants in other 
areas of the region was on average about 
four percent of the respondents, while 
the structure of the sample totality was 
generally equal to the structure of the 
general population. 

Most of the respondents included 
women aged 25 to 37 years and having 
children. To process the results, Excel 
2007 was used. 

Results

As a part of the study of the level of 
satisfaction with the living conditions in 
rural areas, the respondents were asked 
to assess the relevant working, living 
and leisure conditions according to the 
scale from one to seven, where one was 
entirely dissatisfied, two – mostly dis-
satisfied, three –dissatisfied rather than 
satisfied, four – average, five – good, six 
– mostly satisfied, and seven – absolute-
ly satisfied.

Table 1 shows the results of assess-
ing the labor and socio-psychological 
conditions. According to the data, the 
program participants were most con-
cerned about the lack of opportunities 
for professional and career growth in 
rural areas (the average score was 3.8 
and 3.7, respectively, out of the max-
imum of seven). Wages, workplace 
and the need for duty in the hospital 
and domiciliary duty in the region as 
a whole were assessed as slightly above 
the average (3.9 – 4.1). The average 
values were representative, which was 
proved by the variation coefficients of 
less than 33 %. 

In terms of the southern areas of 
the Tyumen Region, the estimates for 
some criteria varied: by domiciliary 
duty – from 1.7 to 5.0, by opportuni-
ties for professional growth – from 1.6 
to 5.1. Salary estimates ranged from 
2.1 to 5.3. Estimates for the wages 
that were below the regional average 
had been observed in six institutions, 
including the area with the largest 
number of specialists who received the 
one-time payment.

The value above the average was not-
ed for the socio-psychological factors of 
labor. Relations with colleagues were 
assessed at the maximum – 6.6. The 
average score for this criterion was 5.9, 
while for the relationships with patients 
– 5.5, and for those with the manage-
ment – 4.9.
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Table 1. Respondents’ Assessment of Labor 
and Socio-Psychological Conditions  (one – 
entirely dissatisfied, seven – absolutely satis-
fied)’

Criteria 
Average  
estimate

Minimum 
and 

maximum 
estimates 

Variation 
coefficient, 

%

Labor conditions:

Career opportunities 3.7 1.7 – 4.8 23.4

Opportunities 
for professional 
development

3.8 1.6 – 5.1 25.3

Labor intensity 4.1 1.8 – 5.1 21.8

Workplace 4.5 2.4 – 5.7 18.7

Duties in the hospital 4.1 2.8 – 5.5 18.5

Domiciliary duty 3.9 1.7 – 5.0 28.0

Salary   4.0 2.1 – 5.3 19.5

Social and psychological terms and conditions:

Attitude of executives 4.9 2.9 – 6.0 19.1

Interrelations with 
colleagues

5.9 4.8 – 6.6 8.5

Interrelations with 
patients 

5.5 4.7 – 6.1 11.5

The results of assessing the satisfac-
tion with the living conditions in the 
rural area presented in Table 2 showed 
that among the offered assessment cri-
teria, the highest possible score had 
been given to such criteria as Kinder-
garten and School, 6.0 and 6.1 points of 
seven possible ones, respectively. The 
variation range for these characteristics 
was inconsiderable. The analysis of the 
data in terms of regions also confirmed 
the rural residents’ satisfaction with 
the opportunities for pre-school and 
secondary education of children in the 
south of the Tyumen Region. Taking 
into account the fact that the respon-
dents had children and the sample was 
representative, it was possible to say that 
the assessment was rather objective. Be-
sides, satisfaction with the provision of 
accommodation (on average, 5.3), food 
(on average, 5.8) and conditions for the 

development of children and housing 
and communal services (5.0 points each) 
was rather high. The range of variation 
for the last criteria was quite high. Thus, 
the conditions for the development of 
children were assessed at 2.1 points in 
the area that was rather far from the 
regional center, and the maximum was 
in the area (6.4) located closest to the 
regional center. The close location to the 
regional center turned out to influence 
human resources in many areas of life 
and, accordingly, the satisfaction with 
the living comfort in a village. 

In terms of the southern areas of the 
Tyumen Region, the estimates for some 
criteria varied sufficiently: the Internet 
access – from 2.8 to 6.5, provision with 
fixed communication – from 1.6 to 5.9, 
and access to transportation – from 1.7 
to 6.0.

Table 2. Respondents’ Satisfaction with Liv-
ing and Leisure Conditions, % (one – fully 
dissatisfied, seven – absolutely satisfied)

Criteria for life and 
leisure conditions

Average  
estimate

Minimum 
and 

maximum 
estimates 
(variation 

range)

Variation 
coefficient, 

%

Accommodation 5.3 3.7 – 6.0 15.0

Internet access 4.8 2.8 – 6.5 30.4

Home phone 3.9 1.6 – 5.9 30.3

Kindergarten 6.0 5.4 – 6.9 9.1

School 6.1 5.1 – 7.0 9.5

Terms and conditions  
for the development of 
children 

5.0 2.1 – 6.4 19.3

Leisure conditions 3.7 1.5 – 4.2 26.2

Access to 
transportation

4.8 1.7 – 6.0 22.7

Provision with food 5.8 4.4 – 6.6 11.2

Housing and 
communal services

5.0 3.3 – 6.5 16.7

Most of the respondents lived in res-
idential premises provided by adminis-
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trations of municipalities (64.6 %), 13.9 
% had their own accommodation, 5.5 
% lived with their close relatives, and 
16 % rented accommodation. Munici-
pal housing was provided to specialists 
under various terms and conditions of 
rent: 60.2 % – employment-related, 
34.4 % – social, and 5.4 % – commer-
cial. Every tenth respondent lived in a 
private house, and the overwhelming 
majority lived in apartments.

Almost two thirds of the respon-
dents assessed the accommodation as 
excellent and good (15.3 % and 51.7 %, 
respectively), 28.8 % considered it to be 
satisfactory, and 4.2 % considered it un-
satisfactory. 

The survey showed that only 19 peo-
ple out of 288 benefited from social pay-
ments for the construction (purchase) 
of accommodation under the federal 
targeted program “Sustainable Devel-
opment of Rural Territories” as a young 
family or a young specialist, which 
amounted to 6.6 %. At the same time, 
less than half of those who did not use 
it (47.2 %) planned to apply for this type 
of social guarantee.

To further implement the Zemsky 
Doctor program, the respondents were 
suggested various measures: accommo-
dation provision (32.3 %), turning ac-
commodation from commercial to ser-
vice rent to obtain utility benefits (19.6), 
wages increase (21.4), subsidy increase 
(7.1), and repeated payment in five years 
(19.6).

Conclusion

The results of surveying doctors who 
moved to work in rural areas according 
to the Zemsky Doctor program allowed 
assessing the working and living con-
ditions in rural areas according to the 
respondents’ satisfaction:

The first group where the satisfaction 
was the lowest included such factors as 
career opportunities, leisure conditions, 

opportunity for professional growth, 
the need for domiciliary duty, and the 
home phone,

The second group where the satisfac-
tion was slightly above the average in-
cluded the following working and living 
conditions: wages, labor intensity, du-
ty in the hospital, workplace, access to 
transportation, the Internet access, and 
management attitude,

The third group that had good satis-
faction assessments included such fac-
tors as conditions for the development 
of children, housing and communal 
services, accommodation, relations 
with patients and colleagues, provision 
with food, and

The fourth group included the con-
ditions that were assessed at the max-
imum; it showed the satisfaction with 
kindergartens and schools.

The results of the survey confirmed 
the conclusions made in other studies 
about the importance of conditions 
and opportunities for the profession-
al development for doctors [19–20]. 
Therefore, the management of medical 
organizations needs to take measures 
on contributing to the professional and 
career growth of specialists. To level up 
the satisfaction with the working con-
ditions, it is necessary to take manage-
ment decisions on improving the labor 
organization. As for local governments 
in some municipalities, they must cre-
ate conditions for improving the attrac-
tiveness of a settlement for specialists: 
the provision of accommodation under 
the employment rent with the further 
transfer to social rent, as well as leisure 
conditions for the population. And the 
more distance from large cities is, the 
more attention should be paid to im-
proving the attractiveness of the settle-
ment for professionals. It is possible to 
solve the human resources problem of 
the rural health care with doctors only 
through joint efforts of health care man-
agers and authorities at various levels. 
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Abstract

Aim of the study: clinical, immunologi-
cal and morphological substantiation of the 
use of a dental stick with biopharmaceuti-
cals in the complex therapy of inflammato-
ry periodontal diseases. Research methods: 
leukocyte migration test, cytograms, the 
study of quantitative and qualitative con-
tent of spontaneously released mixed saliva, 
measurement of the total content of protein, 
the content of secretory immunoglobulin A 
(sIgA) and lysozyme in it. Clinical im-
provement of the periodontal tissues condi-
tion after treatment by 77% was registered. 
OHI-S (hygienic index), PI (periodontal 
disease index), PMA (papillary-margin-
al-alveolar index) were 7.5, 3.4, and 8.7 
times lower, respectively, compared to the 
pre-treatment group. The depth of peri-
odontal pockets decreased 2.6-3.4 times, 
the number of sessions per treatment course 
was reduced to 3-8 visits to the doctor. The 
amount of mixed saliva (in comparison 
with the initial data) increased 2.7 times, 
normal levels were restored and were 1.2 
ml higher than control indicators. Protein 
levels, lysozyme and sIgA concentrations 
increased and exceeded the pre-treatment 
level 1.8 times and by 44.5%, respectively. 
Cytograms data revealed that the number 
of red blood cells (in one field of view) in 
the gingiva specimens in inflammatory 
periodontal diseases (IPD) patients was 
2.3 times lower, count of leukocytes with 
signs of destruction was 13.4 lower and 
intact leukocyte count was 3.8 times low-
er. Lymphocyte count was 2 times lower, 
indicating that the inflammatory process 
in periodontal tissues was reduced as a re-

sult of the reduction of the microbial bur-
den: staphylococci and actinomycetes were 
detected 3 times less often, diplococci – 3.5 
times less often, filamentous bacteria and 
streptococci – 4 times less often, protists – 5 
times less often, respectively. The number 
of cocci microcolonies was 2.7 times high-
er. The number of fibroblasts (in one field 
of view) increased threefold, the content of 
collagen filaments of the normally oriented 
structure increased 1.4 times, compared to 
the original data, which indicated the for-
mation of favorable conditions for healing 
and reparative regeneration processes. The 
results of the study showed that the use of a 
dental stick during local IPD therapy is an 
effective way of correcting changes in clin-
ical and laboratory indicators of local im-
munity and that dental stick is a promising 
new dosage form in practical periodontol-
ogy.

Keywords: periodontitis, immunity, 
(Galleria mellonela), immunoglobulin A, 
lysozyme.

Introduction

Inf lammatory periodontal diseas-
es (IPD) are socially important issues 
worldwide, in both developed countries 
with high living standards and devel-
oping countries [14, 15]. IPD in the 
Russian Federation are wide-spread (55-
98%) and have been and remain an im-
portant reason for permanent expansion 
and improvement of various techniques 
and methods for treatment of periodon-
tal diseases, development of new drugs 
providing suppression of inflammation 
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with minimal side effects [1, 2, 8, 9, 13]. 
In modern conditions of import substi-
tution, the development and practical 
application of new medicinal products 
with a broad spectrum of therapeutic 
effects and high biological activity is 
highly relevant [6, 7, 12]. We experi-
mentally developed and substantiated a 
technology that uses a combined com-
position for the achievement of an effec-
tive concentration of biologically active 
substances in the area of inflammation 
and its maintenance for a period of time 
required for treatment. We applied soft 
dosage form – a dental stick for individu-
al use – in dental practice. The following 
active substances were used in the dental 
stick: metronidazole – an antimicrobial 
substance that has an effect on anaero-
bic protozoa and bacteria; Bactisubtil – a 
probiotic for the correction of oral dys-
biosis; and, for the first time, an extract 
of honeycomb moth (Galleria mellonela) 
larvae – a stimulator of metabolic and re-
parative processes. The dental stick has 
antiviral, antioxidant, enteroantiseptic, 
antimicrobial, immunomodulatory, and 
regenerative properties, and in combina-
tion with additional modern excipients 
– high-molecular compounds – also has 
a pronounced prolonged effect. This al-
lows to achieve a high concentration of 
active substances in the gingival fluid 
in the periodontal complex and direct-
ly suppress inflammation and stimulate 
metabolic and reparative processes in 
periodontal tissues [3, 10, 11].

Aim of the research: 
Immunological and morphological 

substantiation of the use of a dental 
stick with biopharmaceuticals in the 
complex therapy of inflammatory peri-
odontal diseases.

Materials and Methods

Studies were conducted on 96 patients 
with inflammatory periodontal diseas-

es, aged 20-70 years. Patients signed an 
informed consent form. Forty-two men 
(43.7%), and fifty-four women (56.3%) 
with chronic catarrhal gingivitis (CCG) 
and chronic generalized periodonti-
tis (CGP), K05.1 and K05.3, respec-
tively, according to ICD-S-3 based on 
ICD-10. All patients were divided into 
groups: the control group (n = 25) – 
practically healthy individuals who did 
not have dental and somatic pathology 
at the time of the survey; Group I (n 
= 96) – IPD patients before treatment; 
and Group II (n = 96) – IPD patients af-
ter treatment with the use of a stick. As-
sessment of the treatment effectiveness 
was carried out using clinical and labo-
ratory parameters recorded before and 
after treatment. The state of periodontal 
tissues was evaluated using clinical data 
and indices: hygienic index (OHI-S), 
periodontal disease index (PI), papil-
lary-marginal-alveolar index (PMA), 
the depth of periodontal pockets, and 
radiographs data. Laboratory studies 
were carried out to obtain cytograms, 
data on leukocyte migration test indi-
cators, quantitative and qualitative con-
tent of spontaneously released mixed 
saliva, and total content of protein, the 
content of secretory immunoglobulin A 
(sIgA) and lysozyme in it [5].

Statistical processing of the results 
was performed using standard methods. 
The arithmetic mean (M), the standard 
error of the arithmetic mean (SE), and 
the standard deviation values were de-
termined. The assessment of the signif-
icance of differences in indicators was 
performed using Student’s t-test. Dif-
ferences were considered statistically 
significant at p < 0.05 [4].

Results

In practically healthy individuals from 
the control group, there were no com-
plaints of bleeding gums, and the in-
spection of the oral cavity did not reveal 
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a clinical change in the periodontium. 
IPD patients before treatment had 
more intense bleeding, hyperemia and 
swelling of the gums, deeper periodon-
tal pockets, higher abnormal mobility 
and recession of the teeth, and more 
severe destructive processes in bone 
tissue associated with a higher number 
of removed and filled teeth and worse 
hygiene. Indicators of dental indices 
OHI-S, PI, and PMA are shown in 
Table 1.

The results of the study of local im-
munity indicators are summarized in 
Table 2. This data shows that the amount 
of saliva produced in patients with IPD 
was initially 2 times lower than in the 
control group. The protein content ex-
ceeded the reference level by 27% and 
the background number of leukocytes 
in the oral cavity – by 52%. The migra-
tion activity of leukocytes in response 
to the influence of chemoattractant (egg 
albumin) was 4 times higher than in the 
control group. The leukocyte count did 
not restore to the initial level after the 
chemoattractant lost its effect. At the 
same time, the levels of lysozyme (1.9 
times) and sIgA (by 43%) were lower in 
mixed saliva compared to the control 
group. This data indicated the presence 
of an inflammatory process in IPD pa-
tients, a decrease in antimicrobial pro-
tection and intense immunological re-
sponse.

Results of the use of an experimen-
tally developed dental stick with the 
original composition showed positive 
clinical dynamics for the periodontal 
tissues. Upon completion of the course 
of treatment, reduction of pain during 
eating, bleeding, hyperemia and swell-
ing of the gums were recorded in all pa-
tients. Reduction of signs of inflamma-
tion began on the second day, complete 
epithelialization occurred after 3-8 days 
depending on the severity of inflam-
mation. The clinical efficiency of IPD 
treatment was assessed and assigned one 
of the following grades: excellent, good, 

satisfactory and unsatisfactory. The use 
of a dental stick contributed to an in-
crease in the number of excellent results 
in patients to 68.6%. At the same time, 
periodontal pockets were preserved, 
reflecting the degree of destruction of 
the bone of the alveolar processes, their 
depth decreased 2.6-3.4 times, the mo-
bility of the teeth decreased due to the 
restoration of dento-gingival attach-
ment. The effectiveness of treatment 
was also demonstrated by the reduction 
of periodontal indices after treatment: 
OHI-S – 7.5 times, PI – by 70%; PMA 
– 8.7 times (Table 1).

Table 1. Clinical efficiency of treating pa-
tients with inflammatory periodontal diseas-
es using a dental stick (M ± m).

Parameters

Patient groups

Group I
(n = 96)

Group II
(n = 96)

1. The disappearance of 
signs of inflammation, days

0 1.18±0.03

2. The disappearance of 
pain, days

0 2.13±0.21

3. Complete 
epithelialization, days

0 4.18±0.13

4. Green-Vermillion index, 
after 1-3 days

2.32±0.30 0.31±0.02

5. PMA index 46.24±2.11 5.32±0.35*

6. Periodontal index 3.83±0.21 0.41±0.03*

* differences with the original data are significant 
at p <0.05.

IPD therapy with the use of a den-
tal stick with biopharmaceuticals, due 
to the original composition of basic and 
additional substances, had a selective 
and prolonged effect on microorgan-
isms and pathological (abnormal) focus 
of inflammation for up to 5.5 hours (ex-
perimentally established using thin lay-
er chromatography). This reduced the 
number of applications to 3 times during 
the day, and also reduced the number 
of sessions per treatment course. The 
number of procedures was determined 
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based on the rate of disappearance of 
pathological inflammatory symptoms 
and was: three sessions for patients 
with gingivitis and mild CGP, 5.5 ses-
sions for patients with moderate CGP, 
and 7.5 sessions for patients with severe 
CGP. Studies of the functional param-
eters of local immunity showed that the 
amount of mixed saliva (in compari-
son with the initial data) increased 2.7 
times, normal levels were restored and 
were 1.2 ml higher than control indi-
cators (p > 0.05). Additionally, protein 
levels in the mixed saliva increased (p 
< 0.05), lysozyme and sIgA concentra-
tions increased 1.8 times and by 44.5%, 
respectively. This indicated an increase 
in the bactericidal and antiviral activity 
of mixed saliva. However, the indica-
tors did not reach the levels recorded 
in the control, as during inflammation, 
mixed biofilm flora and microorganism 
toxins inactivate lysozyme, normal flo-
ra loses the ability to synthesize mur-
amidase and is replaced by pathogenic 
allochtonic flora. Additionally, it was 
established during the leukocyte mi-
gration test that the background num-
ber of leukocytes in the lavage fluid did 
not completely recover. The migration 
activity of leukocytes in the oral cavity 

after stimulation with egg albumin was 
high, and their number did not recover 
after the chemoattractant stimulation 
was stopped. The obtained data showed 
that the inhibition of leukocyte func-
tional activity in patients with IPD per-
sisted even after treatment, which may 
be due to the retention of endogenous 
factors of pathogenesis and biologically 
active substances in tissues: prostaglan-
dins, peroxidation products, free radi-
cals, endotoxins, exoenzymes, antigen-
ic material. Results of the treatment of 
IPD patients with the use of dental stick 
showed a decrease in the severity of the 
inflammatory process, dysbiosis in the 
oral cavity, disruption of the general 
reactivity of the body, and an increase 
in the activity of local factors of natural 
protection (Table 2).

The results of the study of cytograms 
revealed that the number of erythro-
cytes (in one field of view) in specimens 
from the gums of patients with IPD 
after the end of the treatment course 
decreased 2.3 times, which indicated 
that the biopharmaceuticals in the stick 
had a thrombolytic effect. A complex 
of neutral and alkaline proteinases in 
its composition leads to a reduction of 
fibrin deposit in the inflammation area 

Table 2. Parameters of local immunity and leukocyte migration test before 
and after treatment with the use of a dental stick in patients with inflammatory 
periodontal diseases.

Parameters (p ± m)

Patient groups

Control
(n = 25)

Group I
(n =  96)

Group II
(n = 96)

The amount of mixed saliva, ml 3.00±0.05 1.54±0.10 4.22±0.12

Protein, g/l 1.50±0.82 1.90±0.10 3.23±0.21

Lysozyme, g/l 14.30±0.70 7.60±0.50 13.64±0.18*

sIg A, g/l 592.4±24.7 335.0±18.2 484.4±11.2*

Leukocyte count: original, x 109/l 0.50±0.02 0.76±0.21 0.53±0.11

10 minutes after stress application (stimulation), x 109/l 0.70±0.03 2.78±0.40 1.52±0.10*

20 minutes after stress application (regeneration), x 109/l 0.20±0.01 2.70±0.38 0.45±0.12*

* differences with the original data are significant at p <0.05.
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and normalization of vascular permea-
bility, improving the microcirculation 
and rheological properties of blood. 
The number of leukocytes with signs of 
destruction (criterion of inflammation 
intensity) was 13.4 times lower and the 
number of intact leukocytes was 3.8 
times lower, the number of lymphocytes 
was 2 times lower, indicating that the 
inf lammatory process in periodontal 
tissues was reduced as a result of reduc-
tion of the microbial burden. Staphylo-
cocci and actinomycetes were detected 3 
times less often, diplococci – 3.5 times 
less often, f ilamentous bacteria and 
streptococci – 4 times less often, pro-
tists – 5 times less often, respectively. 
The number of cocci microcolonies was 
2.7 times higher, which indicated the 
restoration of normal flora. The number 
of associations of filamentous bacteria 
and cocci was 2 times higher in case of 
severe CGP. The epithelium after treat-
ment in 15.8% of patients had signs of 
increased proliferative activity, “pseu-
do-key” cells were detected in 6.25% of 
patients, layers of squamous epithelium 
were found in 20% of patients, and sin-
gle epithelial cells were discovered in 
40% of patients. In IPD patients, the 
number (in one field of view) of surface 
epithelial cells, the number of cells with 
signs of destruction (vacuolated, naked 
nuclei) and keratinization, and signs of 
phagocytic activity (auto-aggressive) in 
specimens significantly decreased after 
treatment, which indicated a decrease 
in the periodontal tissue deterioration. 
The periodontal pocket cells were not 
found, the gingival epithelium cells of 
the gingival sulcus were detected, indi-
cating the regenerative processes that 
lead to the restoration of the normal or-
ganotypic structure of the attachment 
epithelium – the cells had a polygonal 
shape, were closely adjoined to each 
other, the nuclei of cells had an oblong 
shape. Fibroblast count in one field of 
view increased threefold and the num-
ber of collagen filaments with correct 

normally oriented structure was 1.4 
times higher compared with the initial 
data, which indicated the formation of 
favorable conditions for healing and re-
parative regeneration processes. Stim-
ulation of fibroblasts and collagen syn-
thesis is one of the likely mechanisms of 
the reparative effect of biopharmaceuti-
cals in the dental stick composition. It 
had a stimulating effect on reparative 
processes in the connective tissue struc-
tures and contributes to the reduction of 
dystrophic processes in them.

Discussion

Combined dental stick composition 
with biopharmaceuticals with antimi-
crobial, anti-inf lammatory, regener-
ating effects allows reducing the time 
period for complete resolution of the 
inf lammatory process by improving 
the anti-inflammatory therapy in the 
focus of inflammation and adminis-
tration of pharmacological substances 
with a wide spectrum of therapeutic 
activity. Experimentally developed 
original composition and production 
technology of a dental stick have ef-
fects on the main pathogenesis stages 
of IPD, and, due to the consistency 
and physicochemical properties of the 
proposed optimal composition of in-
gredients – foundation and additional 
surfactants – adheres to the gingival 
surface. The prolonged effect is ex-
perimentally proven to persist for 5.5 
hours. The release of the active sub-
stance metronidazole within an hour 
amounted up to 85% and the phar-
maceutical accessibility was increased 
due to the effect of the excipients. All 
components in the composition of the 
dental stick have certificates of accor-
dance with quality standards and are 
officially approved for use in the Rus-
sian Federation. All components in the 
dental stick in combination create and 
enhance a stable depot of maximum 
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accumulation of therapeutic concen-
trations of drug substances and active 
ingredients in the pathological areas 
of infection. They have a synergistic 
and prolonged effect, which allows 
changing the effect on the cellular 
mechanisms of inflammation, creates 
favorable conditions for healing, re-
generation, and restoration of tissues 
of periodontal complex. A comparison 
of clinical and stomatological data and 
laboratory tests allows us to conclude 
that the use of dental stick based on bio-
pharmaceuticals of in complex therapy 
of IPD improves the clinical efficiency 
of the IPD treatment and restores dis-
ruptions of local immunity. According 
to cytogram data from the specimens 
from the patients after treatment, the 
number of surface epithelial cells, the 
number of cells with signs of destruc-
tion, keratinization, and phagocytic 
activity decreased; periodontal pocket 
cells were not found, epithelial cells 
of the gingival sulcus were discov-
ered, changes in the microbial flora, 
formation of fibroblasts and collagen, 
restoration of the normal structure of 
the gum epithelial cover and functions 
of epithelial cells were recorded. The 
obtained results allow us to recom-
mend the use of a dental stick as a new 
promising dosage form in periodontal 
practice to control inflammation, pre-
serve teeth and maintain their function 
for a long period, stabilize the process 
and increase the duration of remission, 
accelerate the rehabilitation of patients 
with periodontal diseases.

Conclusion

1)	 The experimentally developed dental 
stick has a pronounced prolonged, re-
generating, immunomodulatory, anti-
viral and entero-antiseptic effect, with 
good adhesion of active substances to 
the gums and even distribution on the 
mucosal surface. Stick is convenient to 

use, which allows expanding the range 
of newly created pharmacological forms 
for treating inflammatory periodontal 
diseases.

2)	 The newly developed dental stick 
affects the main pathogenesis stages 
of inflammatory periodontal diseases, 
which allows achieving high clinical 
efficiency with the subsequent effect of 
prolonging the therapeutic action, al-
lowing reducing the course of treatment 
to 7-8 days.

3)	 The use of a dental stick leads to an 
improvement in the clinical parameters, 
dental indices, and indicators of local 
protection factors (sIgA, lysozyme, 
leukocyte migration test). The correc-
tion of deterioration of local protection 
factors creates favorable conditions for 
the surgical phase of treatment and the 
postoperative period of periodontal tis-
sue repair.

4)	 The obtained cytogram data indi-
cates that the treatment results in a de-
crease in the intensity of desquamation 
of the epithelium, the restoration of the 
normal structure of the gum epitheli-
al cover and the functions of epithelial 
cells, the elimination of foci of inflam-
mation, and the restoration of the epi-
thelium structure. 
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Abstract

Problem and aim. Deviant behavior is 
not only an alarming phenomenon but al-
so a multitude of social, pedagogic and psy-
chological problems that threaten the society 
and that became particularly relevant for the 
young adolescents with intellectual disabil-
ity. Therefore, the aim of the present article 
is to reveal the specifics of correctional and 
developmental work with such children that 
would provide appropriate interpersonal 
interaction in the adolescence and the further 
positive socialization.

Methods. The presented study was con-
ducted in three stages (exploratory-prepara-
tory, experimental and control-generalizing 
stages) with the use of the Buss-Durkee Hos-
tility Inventory.

Results and discussion. The results showed 
that the predominant from of the deviant be-
havior was hostility and violence, as well as 
a tendency for addictive behavior. Diagnos-
tics of the dominant indices of hostility and 
aggressiveness demonstrated that the aggres-
siveness index dominated in the majority of 
adolescents. The majority of adolescents had 
a very high or high level of indirect hostility 
and assault, along with suspicion. The cor-
rectional program provides correctional ef-
fect for the adolescents with low and medium 
level of proneness to the deviant behavior.

Keywords: psychological and pedagogic 
correction, deviant behavior, younger ado-
lescents, intellectual disability, indices of hos-
tility and aggression

Introduction

Psychological and pedagogic cor-
rection is a psychological intervention 

that targets certain mental structures in 
order to provide appropriate personality 
development and functioning [1, 2, 3].

In other words, psychological and 
pedagogic correction is a type of psy-
chological assistance aimed at correct-
ing personality traits in mental devel-
opment that fully, or partially, do not 
meet the age- and social norms of the 
given society.

Adolescents’ behavior is determined 
by rather high requirements from the 
society, namely the level of adolescent’s 
independence, self-sufficiency and re-
sponsibility has to correspond to the 
level of adults’ social maturity. Social 
immaturity inevitably leads to the defi-
cits in the interaction between the per-
son and the environment [4, 5, 6].

Adolescence is characterized by 
anxiety, fears, insecurity and feeling of 
loneliness. Based on this, adolescents’ 
behavior can take the forms of protest, 
such as skipping the lessons in school, 
violence towards animals, aggression 
towards younger and weaker people, 
petty theft, alcohol and drugs, vagran-
cy, etc. [7, 8, 9].

Positive developmental results 
achieved at the preceding age stages 
suggest that the child’s development 
during adolescents should not be ex-
ceedingly troubled by unfavorable con-
sequences. Therefore, the children with 
deficient development have more com-
plicated conditions for developing an 
integral personality.disability (herein-
after, ID) is a disruption of the normal 
development rate that causes the child 
of a certain age to remain within the in-
terests that were typical for the previous 
age group.
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Psychological science defines the 
concept of behavior as a person’s activ-
ity in the variety of its manifestations, 
such as activity, reflection, creation and 
cognition [10, 11, 12].

External manifestations of activity 
include various actions, movements and 
deeds. Internal activity implies the pro-
cesses of internal regulation, goal-set-
ting, motivation and emotional reac-
tions.

Human behavior is social, which al-
lows addressing it as an action towards 
the surrounding people and the materi-
al world that are regulated by the moral 
norms and rights.

Evaluating a certain behavior im-
plies comparing it with an established 
norm. In case of a deviation from this 
norm, the behavior is considered to be 
deviant [13, 14, 15].

The concept of deviant behavior in-
cludes such characteristics, as criminal-
ity, delinquency and immorality.

Delinquent behavioral characteris-
tics include aggression, vagrancy, skip-
ping the lessons in school, extreme dis-
obedience, violence towards the weaker, 
swearing, hostility towards the adults 
and extreme intolerance to pedagogic 
interventions.

Immoral behavior, i.e., behavior that 
contradicts the general human norms, 
is related to personality abnormalities. 
Immoral behavior is a predisposition for 
criminal and delinquent behavior.

Adolescence is the most difficult 
and complicated period of children’s 
development, since it is the period of 
personality establishment. Moreover, 
it is the most crucial period because it 
includes the development of the mo-
rality bases, social beliefs and attitude 
towards oneself, the people and the 
society. Adolescence occurs within the 
ranges of 10-11 and 15-16 years of age. 
This interval contains drastic changes 
in the adolescent’s body. It grows inten-
sively, the body mass increases and the 
skeleton grows faster than the muscles, 

cardio-vascular system develops – in 
general, the body goes through puber-
ty. During this time, substantial imbal-
ance of the development of various or-
gan systems leads to increased fatigue, 
excitability, irritability and negativism 
[16, 17, 18].

While addressing behavior, it is nec-
essary to note that, during adolescence, 
the content and the role of imitation in 
personality development also change. 
At the early stages of the ontogenesis, 
imitation was involuntary and random. 
In turn, during the adolescence, imita-
tion becomes controlled and voluntary.

In the beginning of this age, ado-
lescents strive to imitate the adults that 
they find to be an authority for them, 
and gradually obtain the tendency for 
imitating older peers. Adolescents often 
lack critical evaluation of the adulthood 
attributes that they choose to imitate, 
which leads to a controversial situation 
where they do not yet have established 
capabilities for meeting the require-
ments of the set example. This often 
causes various aspect of adolescents’ de-
viant behavior.

Behavior within interpersonal com-
munication becomes the leading ac-
tivity in the adolescence [19, 20, 21]. It 
becomes increasingly important for an 
adolescent to be affiliated to a referent 
group; an adolescent strives for taking 
a relevant place within such group. This 
urge is explained by the fact that it sat-
isfies the adolescent’s need in recogni-
tion and self-affirmation. Lack of the 
possibility to feel affinity and relevance 
in the group often leads the adolescents 
to social maladaptation and crime. The 
values are re-evaluated according to the 
communication with the peers, yet the 
moral beliefs are situational and do not 
transform into the worldview, because 
they are not affected by the relevant 
group.

As regards the deviant behavior, it 
is necessary to point out that majority 
of adolescent felonies and crimes are 
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committed in the referent group, since 
the fear of punishment decreases in a 
group, aggression and violence increase, 
and criticality of the events and oneself 
decreases [22, 23, 24].

Personality of an adolescent with 
deviant behavioral traits is character-
ized by: decreased general activity and 
sociability with the urge to dominate; 
emotional instability and excitability 
with weak awareness of the negative 
emotional manifestations (hostility, 
negativity, etc.); low level of sense of life 
purpose and ability to control oneself, 
together with increased self-esteem.

Specifics of the deviant behavior in 
adolescents with ID are determined by 
its essence, types and possible reasons.

Instability of the emotional field, be-
ing combined with relatively well-devel-
oped cognitive activity, leads to rapidly 
occurring mental fatigue that, in turn, 
defines frequent mood changes. Such 
state during the solution of educational 
problems might become the reason of 
emotional crashes and deviant behavior 
[25, 26].

Emotional and volitional immaturi-
ty is often combined with undeveloped 
regulation of behavior; moral immatu-
rity is combined with underdeveloped 
sense of responsibility and self-suffi-
ciency, weak volitional control and in-
fantile traits in statements and behavior.

Emotional and volitional immatu-
rity is also manifested in the person-
ality specifics of the adolescents with 
ID, such as increased suggestibility, 
low awareness and explosive affectivity. 
Teachers characterize such adolescents 
as difficult to control, not being aware 
of the responsibility, passive during the 
lessons and uncontrollable during the 
breaks.

These adolescents also demonstrate 
insufficient level of self-awareness that is 
presented in largely situational self-es-
teem and controversial statements about 
a certain issue. Underdevelopment 
of internal self-esteem criteria makes 

these adolescents highly dependent on 
the external circumstances, which de-
fines their lack of self-sufficiency, rig-
id nature of opinions and proneness to 
conf licts. However, they also have a 
tendency for overestimating their abili-
ties, having aspirations that are incom-
patible with their abilities, which might 
also lead to deviant behavior.

The adolescents’ mental instability 
leads to conflict situations, deficits in 
self-regulation and self-control. Their 
interpersonal relationships are based on 
causality and irresponsibility, they tend 
to underestimate difficulties and specif-
ics of a given situation. They do not feel 
long-lasting remorse about educational 
failures and often forget given promises; 
they self-validate by the tendency to lie.

Previous studies reported a strong 
correlation between the deviant behav-
ior and troubled family situation. Many 
children with ID experience emotional 
rejection by their parents. Disappoint-
ment in one’s own child is often followed 
by shame for her/his incapacity. Parents 
often reserve to physical punishments 
that they justify by the fact that the 
child does not understand verbal in-
structions. Unfavorable psychological 
climate in the troubled families is the 
leading factor of social maladaptation 
of the adolescents with ID. It therefore 
defines the deformations in the adoles-
cents’ development and socialization, 
thus facilitating the development of de-
viant behavior [27, 28, 29].

Therefore, deviant behavior is not 
only an alarming phenomenon but al-
so a multitude of social, pedagogic and 
psychological problems that threaten 
the society and that became particu-
larly relevant for the young adolescents 
with ID. Therefore, the aim of the pres-
ent article is to reveal the specifics of 
correctional and developmental work 
with such children that would provide 
appropriate interpersonal interaction in 
the adolescence and the further positive 
socialization.
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Methods

The presented study was conducted in 
three stages (exploratory-preparatory, 
experimental and control-generalizing 
stages) with the use of the Buss-Durkee 
Hostility Inventory.

The group of adolescents that par-
ticipated in the study presented ID of 
different genesis: constitutional (13%), 
somatogenetic (6%), cerebral-organic 
(33%), and psychogenetic (46%).

The majority of adolescents (12 peo-
ple) lived in complete families, two were 
from incomplete families, and one ado-
lescent was living in a foster family. The 
majority of families belonged to the 
middle class.

The preliminary interview with 
school teacher-psychologist revealed 
that these adolescents had such specific 
personality traits as anxiety, undevel-
oped learning motivation and decreased 
level of the need in achieving high re-
sults, along with protest reactions to 
teachers’ demands, proneness to con-
f licts, verbal and physical aggression 
and negativity.

Results and Discussion

Figure 1 shows the characteristics’ dis-
tribution upon the five levels of domi-
nating indices of hostility and aggres-
siveness in younger adolescents.

The hostility index is characterized 
by the reaction to negative emotions 
and negative judgments of people and 
events. The figure shows that the ex-
perimental sample did not have the low 
level of hostility. Five people (33.33%) 
had the average hostility level, i.e., the 
environment and educational condi-
tions provided these adolescents with 
an opportunity to cope with such state 
on their own.

Three adolescents (20%) presented 
the elevated hostility level. This means 
that these adolescents may be impulsive 
in reacting to the negative emotions and 
tend to negatively evaluate the events. 
They can cope with their emotions on 
their own but, in some cases, might 
need help from the significant others.

Four participants (26.66%) present-
ed the high level, and three participants 
(20%) – the extremely high level. These 
data suggest that these adolescents ex-
perience stable hostility towards people, 

Figure 1. Distribution of the dominating indices of hostility and aggressiveness in younger 
adolescents with ID, according to the Buss-Durkee Hostility Inventory
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mistrust towards the adults, difficul-
ties in communicating with the peers 
and the world. Intensive hostility with 
openly expressed exaggerated feelings 
has destructive impact on the adoles-
cents themselves.

Adolescents with ID often do 
not understand what is happening to 
them, and they are unable to com-
prehend their feelings, which leads to 
explosive emotions that are then re-
placed by isolation and lack of will to 
communicate.

We would like to note that adoles-
cents with ID experience hostility to-
wards the people near them. These chil-
dren are constantly ready to openly and 
actively manifest the negative emotions.

The aggression index is character-
ized as a tendency for destructive inter-
personal relationships. Aggression has 
different levels of manifestation.

Only four adolescents from the ex-
perimental sample (26.66%) demon-
strated the medium level of aggression, 
i.e., within the normal limits. This 
group of adolescents manifests differ-
ent types of aggression in emotionally 
significant and stressful situations, sit-
uations of extreme tension; however, in 
normal conditions, such aggressive be-
havior is not common in them.

The majority of the participants 
(seven adolescents, i.e., 46.66%) had el-
evated level of aggressiveness. They are 
characterized as being difficult to con-
trol and prone to acute negative reac-
tions that become more frequent when 
the adolescents perceive their environ-
ment as hostile.

Four adolescents with ID (26.66%) 
had high level of aggression that defined 
a personality that was prone to conflict 
and incapable of conscious cooperation. 
Such aggressive adolescents cause a lot 
of trouble in the educational institution, 
evoke parental concern and become the 
reason for conflicts with the peers. The 
extremely high level of aggressiveness 
was not revealed in our sample.

The results described above deter-
mine the need to conduct the correc-
tional interventions in accordance with 
a group of general principles [30, 31, 
32]: principle of comprehensiveness 
(psychological and pedagogic correc-
tion is an integral system of psycholog-
ical-pedagogic interventions); principle 
of confidentiality (all information ob-
tained by a psychologist is not disclosed 
under any circumstances, unless the cli-
ent’s life is in danger); principle of hu-
manity (kindness and respect towards 
each participant of the correctional pro-
gram); principle of unity of diagnostics 
and correction (diagnostics of certain 
psychological parameters should be 
conducted only with the consequent 
correctional activities, upon the re-
vealed deficits or risk factors); principle 
of personality approach (an individual 
approach towards each child as a unique 
personality that helps the child to 
self-actualize; personality in general is 
considered throughout the correction); 
principle of hierarchy (creation of the 
zone of proximal development); prin-
ciple of responsibility (the psychologist 
is personally responsible for students’ 
well-being); and principle of systematic 
approach (the psychologist has a clear 
idea about the ranges of competence 
and defines them).

Organization of the psychological 
and pedagogic correction of the deviant 
behavior in younger adolescents with ID 
begins with the creation of its model.

Modelling allows describing the 
main characteristics of the studied pro-
cess and provides its integral represen-
tation.

Modelling the correctional interven-
tions is aimed at changing and develop-
ing the communicative skills, conscious 
regulation of behavior, overcoming 
selfish motives in interacting with the 
peers and deceitfulness, along with de-
veloping moral norms and values that 
are shared by the society, the emotional 
field and empathy.
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The correction of the deviant be-
havior in younger adolescents with ID 
is conducted in line with psychologi-
cal-pedagogic approaches, considering 
the type of personality specifics.

Correctional work is a process that 
results in revealing the deviations from 
the expected results of the children’s 
activity and making certain changes in 
this process, in order to reach a certain 
outcome. Such type of assistance is the 
activity that is aimed at developing in-
dividual’s psychological qualities neces-
sary for improving the adaptation to life 
conditions and socialization [33, 34, 35].

This assistance is the most successful 
when the psychological intervention is 
conducted with special tools. For exam-
ple, in case of younger adolescents with 
ID, the most effective forms of assis-
tance are game therapy and psycholog-
ical gymnastics.

Game therapy within psychologi-
cal correction helps balancing the per-
sonality in the troubled adolescents by 
developing the skills of self-expression 
and self-cognition; it also corrects the 
emotional state. Psychological gymnas-
tics includes the use of motor expression 
as the main tool of communication in 
the group. Game therapy and psycho-
logical gymnastics, when adapted to the 
specifics of younger adolescents with 
ID, help overcoming such phenomena, 
as tension, anxiety, rigidness and fear of 
informal contacts in an unfamiliar sit-
uation.

Successful correction that does not 
meet these requirements can lift some 
barriers in interpersonal relationships 
and socially accepted behavior, but it 
cannot guarantee generally successful 
socialization of the adolescents with ID.

Conclusion

Psychological and pedagogic literature 
lacks a single definition of the deviant 
behavior. Researchers from different 

fields address it in different ways. How-
ever, one characteristic is present in the 
majority of definitions: deviant behav-
ior is characterized by the violation of 
socially accepted, conventional and 
well-established moral norms and rules, 
combined with aggressiveness.

Psychologists characterize adoles-
cence as a particularly uncomfortable 
age. Adolescents strive to communicate 
with the peers and belong to referent 
groups. Their motives change: they want 
to experience their relevance in the group 
of peers and to seem like a mature person 
in front of others. This often becomes the 
source of the deviant behavior.

The main characteristics of the devi-
ant behavior in the adolescents with ID 
are insufficient self-control, increased 
suggestibility, low and imprecise aware-
ness of the moral norms, proneness to 
conflicts, clear susceptibility to situa-
tional factors and aggressive behavior. 
Factors that affect the development of 
the deviant behavior include: emotional 
instability, flaws in the moral behavior 
and specifics of the interactions within 
the families of the adolescents with ID.

The suggested psychological and 
pedagogic correction of the deviant 
behavior in the adolescents with ID 
consists of four blocks: diagnostics, cor-
rection, analysis and prognosis. Teach-
ers-psychologists need to select the 
appropriate principles and methods of 
correcting the conflict behavior, consid-
ering the age and individual specifics. 
It is also necessary to consider that the 
effectiveness of the psychological and 
pedagogic correction depends on three 
components: adequate aims and tasks; 
correct choice of correctional methods 
and principles; prediction of the actual 
results during the modelling stage.
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Abstract

One of the newest areas of using the po-
tential of a microbial association of kefir 
grains is obtaining a biodegradable film. 
The research was aimed at creating a 
packaging material with new properties 
of suppressing the development of con-
comitant microflora in dried berries and 
fruits.
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ter-soluble biodegradable film, immobi-
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Introduction

The main area of practical use of the 
kefir grains is the dairy industry, where 
they are used as the basis for obtaining 
kefir with various fat content. A pri-
ority area in using kefir grains in the 
food industry is obtaining functional 
food products of high physiological 
value, with treatment and prevention, 
dietetic and medicinal properties, i.e. 
contributing to improving human 
health. This includes production of 
not only kefir-based drinks, but also of 
meat products and sausages subjected 
to enrichment with microbial cells of 
kefir grains’ association.

Kefir grains have been used for a 
long time in industrial condition, and 
have been for many years the object 
of study of researchers, such as N. I. 
Khamnaeva, V. D. Olmoeva, Y. A. 
Zverkova, Rudenko, Kozyreva, E. G. 
Leonova, D. V. Shalbuev, V. A. Ton, 
V. A. Alekhina, A. V. Ekhrenova, V. 
V. Badanov, and others.

Kef ir grains are widely used in 
medicine.

Kef ir, being a fermented milk 
product of combined fermentation 
that consists of lactic acid bacteria and 
yeast, and containing immune protein 
fractions of milk in a highly digestible 
form, may be used as a therapeutic 
dietary agent for treating diseases of 
various kinds associated with anemia, 
for chronic processes in the respiratory 
organs, diseases of the digestive sys-
tem, including disbacteriosis [1].

Consumption of kef ir improves 
protein digestion and reduces the gly-
cemic index; it also stimulates the im-
mune system, has an antibacterial and 
anticancer effect, and helps improve 
digestion. Kefir has anti-inflammato-
ry and anti-allergic action, which is a 
therapeutic potential for treating aller-
gic bronchial asthma [2]. 

In animal breeding, cultures of 
strains Lactobacil lus gal l inarum 
RNCIM B-10131, Enterococcus hi-
rae RNCIM B-10091, Saccharomyces 
unisporus RNCIM Y-3416, Lactoba-
cillus gallinarum RNCIM B-10134, 
Enterococcus hirae RNCIM B-10088, 
Enterococcus  durans  R NCIM 
B-10093 isolated from the microbial 
association of kefir grains are used for 
intensifying the growth and develop-
ment of the experimental young pigs 
and broiler chickens [3].

The authors also studied the use of 
whey fermented with kefir grains in 
the consumer goods industry for pro-
cessing rawhide [4].

Antibiotic activity of a microbial 
association of kefir grains is shown in 
Table 1
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The widely known antibiotic and 
antagonistic properties of microbial 
association of kefir grains have been 
studied. Microorganisms of kefir grains 
show antagonism to C. albicans, to fil-
amentous grains of genera Aspergillus, 
Penicillium, Fusarium, Mucor, Absidia, 
Rhizopus, Cunnunghamella, and the 
inhibitory effect on the growth of the 
fungi is observed not only in the kefir 
microorganisms, but also in their me-
tabolites formed during the cultivation 
process [5]. Antagonistic properties of 
microbial association of kefir grains to 
the microf lora of spoilage are widely 
known. In this regard, searching for 
ways of using live cells of the microflora 
of kefir grains in packaging materials is 
relevant [5].

The latest trend is the use of the 
potential microbial association of ke-
fir grains in obtaining a biodegradable 
film based on sodium alginate with live 
cells of the microbial association of kefir 
grains.

Based on the specially selected 
ingredient composition of the f ilm, 
which includes the microbial associ-
ation of kefir grains, it is planned to 
obtain a biodegradable film that would 
be transparent and have no structural 
flaws, would feature high plasticity and 
strength, would have the taste deter-

mined by its purpose, and would fea-
ture long shelf life. This is possible be-
cause the composition for obtaining an 
edible homogeneous film with a cer-
tain taste that would be degradable in 
hot water is the following: flavor base, 
sodium alginate, microbial association 
of kefir grains, glycerin, water solu-
tion of vitamin C. Packing obtained 
from the described compositions does 
not react with the products packed in 
it, does not alter its taste, odor, color, 
flavor, and does not cause migration of 
material elements into the product, and 
does not get destroyed by its effects.

Methods

The methods used in the research were 
as follows:

1)	 Microbiological methods of 
counting the amount of microflora (i.e. 
the number of active cells of mesophilic 
and thermophilic microorganisms, and 
the number of active cells of the lac-
tose-fermenting yeast, CFU/cm3, elec-
tronic microscopy).

2)	 The antagonistic action of the 
studied cultures was identified by the 
method of joint cultivation of the an-
tagonists and the test cultures in milk.

Table 1: Antibiotic activity of the microbial association of kefir grains

Name of cultures
Antibiotic activity (dissolution)

1:2 1:4 1:8 1:16 1:32

Lactose-fermenting yeast - - + ++ ++

Microbial association of kefir grains - - + ++ +++

L. acidophilus 317/402 - - - + ++

Consortium: lactose-fermenting yeast, microflora of the 
microbial association of kefir grains, L. acidophilus 317/402:

Variant 1 with the ratios of 0.5:1:1.5 - - + ++ ++

Variant 2 with the ratios of 1.5:1:0.5 - - + ++ ++

Variant 2 with the ratios of 1:1:1 - - + + ++
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3)	 Physical methods (pH, titrat-
able acidity, optical density, the rate of 
base film solidification).

4)	 Chemical methods, including 
biochemical one (biochemical analysis 
of the film).

5)	 Organoleptic assessment meth-
ods (transparency, consistency, taste, 
color, smell of the films).

6)	 Bibliographic studies (Anal-
ysis of the fundamental literature and 
publications in the magazines devoted 
to studying the survival of microorgan-
isms on various media, a patent study of 
the issue.

Results

The research allows identifying the 
ability of the microbial communities of 
the Transbaikalia ecosystem to immo-
bilize themselves, and their survival rate 
on various media.

The packaging material obtained 
from the compositions of the studied 
project will not react with the products 
packed in it, will not alter its taste, odor, 
color, flavor, and will not cause migra-
tion of the material elements into the 
product, nor will get destroyed by its ef-
fect. Upon reaching the threshold tem-
perature (80 °C) and after wetting with 
water, the film becomes biodegraded, 
which is indicated by dissolving in a 
certain amount of liquid.

An important factor that determines 
the resistance of the developed polymer 
to biodegradation is the size of its mole-
cules. Biodegradation of the polymer is 
initiated by the processes of biological 
and physical nature.

Conclusion

Thus, the microbial association of kefir 
grains features a high antagonistic ac-
tivity to the opportunistic microflora. 
The use of microbial association of ke-

fir grains for obtaining a biodegradable 
packaging material is of interest.
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Abstract

Recently, the problem of neurodegener-
ative diseases in the medical community 
has become increasingly relevant. This is 
due to many factors: from insufficient-
ly studied mechanisms of development of 
some nosological units to low awareness of 
medical workers. Among neurodegenera-
tive diseases in humans, prions constitute 
a very specific group, which are infectious 
protein particles with a unique morpho-
logical structure and capable of causing a 
number of incurable diseases. Despite years 
of research, no optimal remedy has yet been 
found to treat them. This review examines 
the already studied aspects of prion diseases 
as a class, including small historical back-
ground, features of ethiology, pathogenesis, 
course and outcome of the most common of 
them, as well as existing research on exper-
imental methods of diagnostics, treatment 
and prevention of prion infections.

Keywords: prion, Creutzfeldt-Jacob 
disease, Kuru disease, fatal familial in-
somnia, Gerstmann-Sträussler-Scheinker 
Syndrome.

Relevance

A prion is an infectious whole protein 
particle capable of causing transmissible 
spongiform neurodegenerative enceph-
alopathy in humans and some animals 
[1, 2]. In particular, in humans, prions 
cause Creutzfeldt-Jakob disease (there 
are several forms: sporadic, variant, 
familial and, in rare cases, iatrogenic), 
Kuru (in a number of sources called “ku-
ru”), Gerstmann-Sträussler-Scheinker 
syndrome and fatal familial insomnia. 

The occurrence of these diseases is asso-
ciated with the transformation of PrPc 
into pathogenic PrPsc. The initiating 
pathogenetic factors of infection devel-
opment, as well as possible methods of 
its treatment, have still not been found 
[1]. 

History of Prions 
Discovery

In 1933, Icelandic farmers ordered a 
large consignment containing sheep 
from Germany for the development of 
animal husbandry. Several years later, 
the outbreak of an unknown disease, 
later called scrapie, was recorded. That 
outbreak claimed the lives of a large 
number of sheep. In order to find out the 
reason of that outbreak, Dr. W. Sigurds-
son conducted research and formulated 
four signs of a new disease: a consider-
able incubation period, a slow course, 
an unusual lesion of tissues and organs, 
and one-hundred-percent mortality. The 
above signs formed the basis of a new 
term “slow infections”. Three years later, 
a doctor from America (D. C. Gajdusek) 
studied the Kuru tribes of cannibals in 
the mountainous regions of New Guin-
ea, and discovered a disease that later was 
named after them. Kuru disease had all 
the signs of “slow infections”. Thus the 
integration of veterinary medicine and 
human medicine occurred [3-5]. 

Morphological Features

The group of transmissive spongiform 
encephalopathies (TSEs) has a number 
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of common morphological features: the 
spongiform changes in the brain, neu-
ronal death, astrogliosis and accumu-
lation of the pathological form of the 
prion protein (PrPSc) [4, 6, 7, 8]. Under 
light microscopy, the vacuolation (hy-
dropic degeneration) of the cytoplasm 
of neurons including their dendrites 
and axons is observed. In addition to 
neurons, the dystrophic changes also 
affect astrocytes [6, 9].

During the incubation period of 
TSEs in the brain there can be detected 
characteristic histopathological signs: 
increase in the number of astrocytes 
and activation of microglial cells. These 
changes often precede vacuolation and 
neuronal death, as well as the devel-
opment of the first symptoms [6, 7]. 
Besides, the number of synapses and 
dendritic spines decreases in the brain 
substance before the first clinical man-
ifestations appear [7, 10]. In addition to 
the general morphological features of 
transmissive spongiform encephalop-
athies, each nosological entity has its 
own characteristics. This is largely due 
to the selectivity of morphological le-
sions [6]. 

Creutzfeldt-Jakob Disease

During the course of this disease, the 
cerebral cortex is the typical localiza-
tion of pathomorphological changes. 
Besides, the basal ganglia, brain stem 
and cerebellum structures may be af-
fected [8,9, 11]. If the course of the 
disease is up to 3 months, spongiform 
changes prevail in the morphological 
picture. In the period from 3 months to 
1 year, the morphological features typ-
ical for TSEs are expressed evenly, and 
if the course of this disease lasts more 
than 1 year, the predominance of astro-
gliosis is noted [12].

In case of Kuru disease, amyloid 
plaques are detected in brain tissues 
with predominant localization of the 

pathological process in the cerebral cor-
tex [6, 13].

Gerstmann-Sträussler-Scheinker 
syndrome. Histopathological changes 
are primarily detected in the molecular 
layer of the cerebellum. The cerebral 
cortex is less affected [6, 14]. The pro-
gression of the disease is accompanied 
by atrophy of these brain regions [6, 15].

In case of fatal familial insomnia, 
the histopathological changes are local-
ized in the neurons of the thalamus. The 
typical signs are revealed such as neu-
ron death, astrogliosis and presence of 
amyloid plaques. Spongiform changes 
of varying severity are observed [6, 16].

The localization and severity of mor-
phological lesions determine the char-
acteristics of the clinical picture of the 
disease. In many cases, these diseases 
are not clinically diagnosed, and the 
changes are detected only during the 
morphological examination [9, 17].

Etiopathogenesis

Located in the 20th chromosome of a 
human cell, prion protein (PrPc – cel-
lular prion protein), in its structure, is 
a sialoglycoprotein with a molecular 
weight of 30-35 kDa, consisting of four 
a-helical domains and is encoded by 
the PRNP gene [18]. It is synthesized 
mainly in neurons, as well as on the 
surface of many other cells, for exam-
ple, in the cells of the spleen, gastro-
intestinal tract, skin and lymph nodes 
[19]. Despite the fact that the role of 
PrPc in the body is not completely ex-
amined, it is already known that the 
range of its functions is quite wide. In 
Schwann cells, PrPc maintains myelin 
homeostasis interacting with Gpr126 
G-protein receptor, provides regulation 
of synaptic transmission in nerve fibers, 
and also plays an important role in the 
functioning of circadian rhythms and a 
number of metabolic processes. Partic-
ular importance in the structure of PrPc 
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is given to the N-terminal domain, ca-
pable of interacting with various ligands 
(a4b2 peptide, pathognomonic for Alz-
heimer’s disease, a-synuclein, metal 
ions, etc.). Under currently unknown 
mechanisms, the process of changing 
the conformational form of the protein 
begins; it includes unwinding in a-helix 
ending and replacing it with b-sheet. As 
a result, this section acquires the feature 
of resistance to protease [20-22].

The formed isoform, called PrPsc, 
becomes neurotoxic and accumulates as 
insoluble aggregates, forming highly or-
dered amyloid fibrils. The result of these 
processes is cell death and the penetra-
tion of the pathological isoform into 
neighboring cells which forms a vicious 
cycle. The number of PrPsc proteins 
prone to aggregation among themselves 
increases over time and is characterized 
by exponential growth. From the le-
sion focus, prions can enter the brain 
through neuroinvasion or through the 
blood-brain barrier. Once the brain tis-
sue is infected, the replication process 
starts. Proteins accumulated in large 
quantities cause a cascade of degener-
ative processes including the prolifera-
tion of astrocytic neuroglia, microglio-
sis, as well as tissue atrophy and sclerosis 
due to amyloid deposition. The so-called 
spongy changes are formed in the brain, 
and after this process prions begin to 
spread along the peripheral nerves as 
the second stage of the replication [23]. 
A certain role in the pathogenesis of 
prion diseases is played by microRNA, 
a class of small non-coding RNAS. 
The subject of their activity has recently 
been thoroughly studied. It is believed 
that this is a vital and evolutionarily old 
component of a regulated gene expres-
sion system involved in many biological 
processes including the development of 
some inherited diseases [24-26]. It was 
shown experimentally that in the brain 
infected with prions, the deregulation 
and an increase in the level of expres-
sion of a number of microRNAs (for 

example, miR-16 in CA1 hippocampal 
neurons) are observed possibly poten-
tiating the process of conformational 
changes in PrPc [27]. Given the high 
degree of interaction of the N-terminal 
domain of PrPc with various ligands 
including nucleic acid sequence, it is 
possible that its connection to certain 
microRNA genes may occur, so it leads 
to the catalysis of PrPsc formation from 
PrPc [28]. However, the exact mech-
anisms of conformational changes in 
prion protein have not yet been fully 
studied. Along with the sporadic path-
way of infection described above, there 
are two more: hereditary and transmis-
sive. During the first one, a germinative 
mutation in the 20th chromosome oc-
curs, and the pathogenic isoform PrPsc 
begins to synthesize in large quantities. 
The latter one occurs in case of eating 
infected human brain tissue (Kuru dis-
ease) or cattle and thermally unpro-
cessed meat products of animals suffer-
ing from prion disease. Besides, it may 
be observed during the biological origin 
tissue transplantation, administration 
of crude immunobiological prepara-
tions and blood transfusion procedures 
(some authors refer to this phenomenon 
as the “iatrogenic way” [29, 30]. In case 
of the transmissive pathway, the focus 
of infection is localized primarily in the 
intestine from which it penetrates into 
the lymphoid organs, where it replicates 
and then spreads to the central nervous 
system.

Clinical Picture of Prion 
Diseases 

The onset of the classical form of 
Creutzfeldt-Jakob disease (CKD) oc-
curs in people aged from 17 to 87 years 
(average - 64 years). The main clinical 
manifestations that have diagnostic 
value are: progressive dementia as the 
main symptom; cerebellar symptoms 
and visual disturbances, myoclonia, 
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pyramidal and extrapyramidal mani-
festations and akinetic mutism [6, 7, 9, 
15, 31]. The early signs are often char-
acterized by visual impairment, such as 
the blurred vision, diplopia, nystagmus, 
strabismus, visual hallucinations, visu-
al agnosia, scotomas, and narrowing of 
visual fields. In the case of the massive 
lesions of the cerebral cortex occipital 
lobes, the cortical blindness develops in 
the region of calcarine fissure and due 
to the cortical-strial changes. [8, 10, 
11]. Often, the disease is accompanied 
by the cerebral symptoms in the form 
of headaches and dizzy spells. In some 
rare cases, the progressive dementia is 
preceded by the neurological symp-
toms, especially it often happens in the 
so-called amyotrophic form of the dis-
ease. There is the spastic paralysis of the 
limbs in combination with the disorders 
of the extrapyramidal system. Tremor, 
choreoathetoid hyperkinesis, and my-
oclonic epileptic seizures are observed 
[8, 12]. The sporadic form of CJD is 
characterized by the relatively rapid 
progression; the lethal outcome occurs 
after 6-8 months from the onset of the 
disease. The clinical picture includes the 
behavioral disorders and disorders of 
the higher cortical functions. Besides, 
the development of the secondary-gen-
eralized myoclonic seizures provoked 
by bright light and a loud sound is al-
so possible [8, 13]. For the new form of 
CJD, first described in 1995, there are 
all the same features as for the classical 
one, but the disease proceeds with more 
pronounced personal changes mani-
fested in the form of the apathy abulia 
syndrome, leading to weight loss and 
exhaustion [8, 14]. Another distinctive 
feature of the new form is the absence of 
changes in EEG [32].

Kuru disease, the peak of which oc-
curred in the middle of the 20th century, 
was observed mainly among the people 
of the Fore tribe, living in the highlands 
of New Guinea and practicing an act of 
cannibalism. Mostly women and chil-

dren suffered from this disease, and in 
rare cases men. The average duration of 
Kuru disease is from 3 months to 3 years. 
The main symptom is the cerebellar 
ataxia sometimes occurring with visual 
disturbances. The later symptoms are 
the bulbar and pseudobulbar disorders 
characterized by the so-called “violent 
laughter”. The dementia appears only 
in the terminal stage. The development 
of bronchopneumonia and respiratory 
failure usually leads to death [8]. The on-
set of Gerstmann-Sträussler-Scheinker 
syndrome occurs between a person’s 30 
and 40 years, and its average duration is 
5 years. The disease is characterized by 
the persistent symptoms of the cerebel-
lar lesion, development of progressive 
dementia and blindness [8].

During the fatal familial insomnia, 
the dystrophic changes in the thalamus 
are observed as a result of a point gene 
mutation of the prion protein located 
in the 20th chromosome. The type of 
inheritance is an autosomal dominant 
[33]. The first signs appear at the age 
of 25 years and older (usually to 50 
years), resulting in death, on average, 
in 1-4 years. The main symptom is rap-
idly progressive untreatable insomnia. 
The lack of sleep for a long time leads 
to the development of the anxiety-de-
pressive syndrome, following with the 
hallucinations and growing dementia. 
Subsequently, a dysfunction of the auto-
nomic nervous system is formed, which 
occurs due to the violation of circadian 
rhythms that affect the level of blood 
pressure, body temperature, heart rate, 
the concentration of hormones in the 
blood. The cause of death is the exhaus-
tion and development of intercurrent 
inflammatory diseases [4, 8].

Diagnostics of prion 
diseases 

In all cases of the detection of a rap-
idly progressive dementia (from several 
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months to two years) in combination 
with the multiple neurological mani-
festations, the prion disease should be 
suspected and appropriate diagnostic 
measures performed [8, 14]. In the for-
mulation of likely diagnoses, one should 
be guided by the following criteria: the 
progressive dementia, absence of fever, 
normal ESR, leucoformula, absence of 
pleocytosis in the cerebrospinal fluid; 
neurological and morphological symp-
toms characteristic for this group of 
diseases; detection of scrapie-associated 
fibrils and protease-resistant PrPc when 
carrying out Western blotting; changes 
in EEG for the sporadic forms of CJD. 
According to MRI results, the later 
stages of the disease can be character-
ized by the changes of the brain in the 
form of the so-called symptom of “hon-
eycombs” (the bilateral hyperintensive 
signals on T2-weighted imaging), es-
pecially often detected in the region of 
the caudate nuclei and thalamus. The 
sporadic form of CDJ is characterized 
by changes in EEG in the form of the 
three-phase activity. Depending on the 
stage of the disease, the focal, bilater-
al and generalized myoclonic paroxys-
mal activity is detected. In diagnosing, 
the assessment of cognitive functions 
is also important, in particular, using 
the MMSE with scores below 24. The 
lumbar puncture and analysis of CSF 
allows to determine the level of the CJD 
marker (test specificity is more than 
90%). It is possible to conduct an in-
travital brain biopsy [8, 13]. Nowadays, 
the most reliable method for diagnosing 
diseases of the prion group is the detec-
tion of PrPS deposits in the biopsy with 
an immunocytochemical method. The 
transplanted neuroglial cells are used as 
a biopsy. With the new variant of CJD, 
the use of the immunocytochemical 
method will help to detect the prion 
protein in the biopsy of the pharyngeal 
tonsil [8, 16, 34]. A promising method 
for diagnosing prion diseases is the use 
of ultrasound spectroscopy of complex 

compounds of plasminogen and PrPsc. 
The method is based on the ability of 
plasminogen with magnetized particles 
to form compounds with the patholog-
ical prion-protein and precipitate [17, 
35-37]. The technique was applied on 
the cerebellar biopsies of sheep with 
scrapie [17]. These changes are record-
ed using the high-resolution ultrasound 
spectroscopy, which allows one to ob-
tain results in real time. The selective 
binding of plasminogen to PrPsc can 
be achieved by using a detergent that 
accelerates the formation of aggregates 
[17, 38]. Besides, PrPsc with a tendency 
to form aggregates binds better to plas-
minogen than hydrophilic PrPc [17, 35, 
36]. The method can be used in the di-
agnosis of prion diseases to detect PrPsc 
and differentiate prion protein isoforms.

Treatment 

Currently, prion diseases are not amena-
ble to therapy by any of the existing 
methods used in clinical practice, in fact 
being incurable [1, 7, 40, 41]. Due to the 
unique features of the morphology and 
physiology of PrPsc, the immune re-
sponse to infection is almost completely 
absent in the host organism, and so it 
complicates immunotherapy and pre-
vention [1, 4, 42]. The routine use of 
antibiotics, steroids and antiviral drugs 
also has no effect [4, 39, 43]. However, 
some new treatment strategies are be-
ing constantly sought. Thus, one of the 
promising directions in gene therapy 
is the stabilization of the normal PrPc 
conformation and prevention of the 
formation of the pathogenic PrPSc iso-
form [44, 45]. To do this, it is necessary 
to exclude the effect of the prion pro-
tein gene, for example, by introducing a 
modified RNA PrPsc or certain genetic 
mutations. During in vitro experiments 
on animals, it was shown that if Q171R 
in PrP of a sheep and E219R in PrP of a 
human are replaced, and these recombi-
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nant mutant proteins are introduced to a 
mouse, the formation of the pathogenic 
form of PrPsc did not occur [42].

However, given the complexity of 
the implementation of gene therapy 
and the lack of a positive effect of ex-
isting drugs, at the moment the only 
method of treatment of the prion dis-
eases is their prevention. In order pre-
vent the eating of infected food prod-
ucts in the Russian Federation, the 
decree №15 “On Measures to prevent 
the spread of Creutzfeldt-Jakob disease 
in the Russian Federation” was signed 
[32, 46, 47].

Due to the unique morphological 
features of the prions structure, which 
give them incredible resistance to any 
standard methods of disinfection and 
sterilization, including ultraviolet and 
ionizing radiation, there is an increased 
risk of iatrogenic infection, and there-
fore it requires stricter control over the 
use and cleaning of medical instruments 
[32, 42, 48].

In Europe, special importance is at-
tached to limiting the development and 
distribution of drugs from animal tissues 
and the use of genetic engineering syn-
thesis for their production [32, 36, 48, 49, 
50, 51]. There are reports on the ongoing 
prohibition of the transplantation and 
administration of any biological fluids 
from patients with dementia [8, 37, 48]. 

Conclusion

The first reports of the human prion in-
fections appeared at the beginning of the 
20th century. Over the years, the mod-
ern medicine has accumulated a lot of in-
formation about these infectious agents.

The Nobel Prize was awarded twice: 
for the first time for the discovery of Ku-
ru in 1976, which the laureate Carlton 
Haiduzek himself and many scientists 
of that time considered to be a slow in-
fection. Later, in 1997, Stanley Prusiner 
was awarded for the discovery of prions. 

However, since then no break-
throughs in this area have been marked. 
High hopes are being placed on new, 
lifetime diagnostic methods and vari-
ous techniques of gene therapy, as well 
as on the widespread dissemination of 
preventive measures. 
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Abstract

In the course of the study, histological 
preparations of 35 patients aged 16–25 
years with incisor crowding who under-
went orthodontic treatment with the fixed 
appliances according to the standard tech-
nique, had been analyzed. Three groups of 
patients had been distinguished: the first 
one was the reference group, the second one 
was the group of patients with the fiberot-
omy conducted before treatment with fixed 
orthodontic appliances, and the third one 
was the group of patients with the fiberot-
omy performed after the removal of fixed 
orthodontic appliances according to a stan-
dard technique used in the Department of 
Maxillofacial Surgery and Dentistry of 
Samara State Medical University (SamS-
MU).

Keywords: incisor crowding, fiberoto-
my, orthodontic treatment

Introduction

The orthodontic movement of teeth af-
fects the intrinsic and gingival fibers of 
the periodontal ligament, and after the 
active phase of treatment is completed, 
time is required for its reorganization. 
According to A. A. Anikienko, N. V. 
Pankratova, L. S. Persin [1], the al-
veolar bone and the intrinsic fibers of 
the periodontal ligament rather quick-
ly (after 50-80 days of retention) form 
a stable connection with the aligned 
teeth [2]. The formation of the gingi-
val fiber network is usually completed 
within 4-6 months, however, the recon-
struction of the gingival fibers located 
above the alveolar crest continues at an 

extremely slow rate [3]. Forces that con-
tribute to the displacement of the tooth, 
can be maintained even a year after the 
removal of orthodontic appliance [4, 5].

The dynamic and static functions 
(note 1) of the individual parts of the 
chewing apparatus must be balanced 
(note 2). After orthodontic treatment of 
incisor crowding, the teeth will move to 
their original position without balanced 
pressure exerted on them by the tongue 
and the lips [6, 7]. Such patients need 
permanent retention of teeth in order to 
prevent future recurrence of crowding 
(note 3).

The issues of morphological (note 4) 
changes in the mucous membrane of 
the gingiva occurring after orthodon-
tic treatment and during the retention 
period have not been sufficiently em-
phasized in the literature, as well as the 
issues of morphological changes taking 
place in the mucous membrane covering 
the outer surface of the alveolar process-
es of both jaws in case of using biopsy 
material have not been properly studied.

This research was aimed at study-
ing the effect of fiberotomy on the dura-
tion of both the orthodontic treatment 
of the incisor crowding and the reten-
tion period.

Research Materials

All patients belonged to the same age 
group being young people. Diagnostic 
assessment was carried out using the 
classification of dentoalveolar anoma-
lies by L. S. Persin in accordance with 
the algorithm prescribed in the medical 
card of the patient receiving orthodon-
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tic treatment (form 043-1/u approved 
by the Order of the Ministry of Health 
of the Russian Federation dated De-
cember 15, 2014 No. 834-n).

Thirty-five patients 16-25 years of 
age with incisor crowding received or-
thodontic treatment according to the 
widely accepted technique using fixed 
appliances (reference group – 1). Patients 
suffering from similar anomaly were di-
vided into two groups: in the first one (18 
cases), fiberotomy was performed before 
treatment with fixed orthodontic appli-
ances; and in the second one (17 cases), 
fiberotomy was performed after removal 
of fixed orthodontic appliances accord-
ing to the standard technique applied in 
the Department of Maxillofacial Sur-
gery and Dentistry of SamSMU.

Methods

Diagnostic assessment of patients was 
carried out on the basis of clinical ex-
amination data, anthropometric analy-
sis of plaster dental casts, dental pan-
oramic X-rays and lateral cephalograms. 
Inclusion criteria were as follows: patients 
aged 16-25 years with incisor crowding. 
Exclusion criteria were as follows: patients 
younger than 16 years of age and older 
than 25 years of age who had previously 
undergone orthodontic treatment with 
fixed appliances.

Based on the results of the disserta-
tion research, in 2016, START grant 
was received for further development 
of the Medical vibropneumatic stimu-
lator project. Patent for invention No. 
2624807 Method of treating patients 
with crowded teeth, state registration 
dated July 6, 2017 (Fig. 1).

Histological study of the mucous 
membrane structure of the alveolar 
process in patients with crowded maxil-
lary and mandibular anterior teeth was 
performed in accordance with the law 
“Fundamentals of the legislation of the 
Russian Federation on the protection 

of public health” (note 5). Biomedical 
research was approved after conduct-
ing preliminary laboratory experiment 
(note 6) and after obtaining a written 
consent of patients. Total information 
on goals, methods, side effects, possible 
risks, duration and expected results of 
treatment was provided to patients to 
get their consent to it.

As soon as each patient had signed an 
informed consent, the biopsies of gingival 
mucosa covering the maxillary and man-
dibular alveolar ridges (fiberotomy) were 
carried out (Fig. 2 and Fig. 3). The tissue 
was immediately fixed in 40% formalin 
solution. Histological preparations were 
prepared through the standard tech-
nique of dehydration and compaction 
of samples with the final embedding in 
paraffin. Sections were cut 7-8 microns 
thick with a rotary microtome. After 
deparaffinization, histological prepara-
tions were stained with hematoxylin and 
eosin. The preparations were analyzed 
using the light microscopy at 56x, 280x 
and 500x magnification.

Figure 1. Patent for invention No. 2624807 
Method of treating patients with crowded 
teeth, state registration dated July 6, 2017
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Figure 2. Patient A., 29 years old, (outpatient 
card No. 00024). Clinical situation before or-
thodontic treatment of maxillary and man-
dibular incisor crowding. The area of mucous 
membrane sampling

Figure 3. Patient D., 28 years old (outpatient 
card No. 000186). Maxillary and mandib-
ular incisor crowding before orthodontic 
treatment. Fiberotomy was conducted before 
the completion of orthodontic treatment and 
removal of fixed appliances. Mucous mem-
brane biopsy carried out on the (a) maxilla 
and (b) mandibula

a – maxilla

b – mandibula

While conducting the study, mi-
crographs of clinical samples were ob-
tained at the stage of fiberotomy before 
and after orthodontic treatment, as 
well as in 6 months after its comple-
tion (Fig. 4).

Figure 4. Patient S., 25 years old (outpatient 
map No. 000267), with Class II malocclusion 
and maxillary incisor crowding. Micrographs 
of the stratified squamous epithelium  of the 
alveolar process mucous membrane consist-
ing of several layers  (basal – 1; spinous – 2; 
granular – 3; keratinized – 4) before ortho-
dontic treatment (a)  and at the stage of fi-
berotomy (b)

Results

Prior to the start of orthodontic treat-
ment, microscopic examination deter-
mined that the mucous membrane of 
the alveolar process in the area of max-
illary and mandibular incisor crowd-
ing retained its typical structure: it 
was covered with stratified, squamous, 
partly keratinized epithelium; the lam-
ina propria was divided into two layers: 
the papillary one which projected into 
the epithelium in the form of papillae, 
and the reticular one formed by dense 
irregular connective tissue. The strat-
ified squamous epithelium of the mucous 
membrane of the alveolar process consisted 
of several layers: the basal layer (stratum 
basalis) which was represented by cy-
lindrical cells resting on the basement 
membrane; the spinous layer (stratum 
spinosum) where the cells acquired a po-
lygonal shape, increased in size, gradu-
ally flattened; the granular layer (stratum 
granulosum) where the cells became flat, 
the cytoplasm contained keratohyalin 
granules; the superficial keratinized lay-
er (stratum corneum) where the nuclei 
disappeared in the cells and turned into 
scales, which were exfoliated.

All four layers – the basal, the spi-
nous, the granular and the superficial 
keratinized ones – were well expressed. 
The basal layer rested on the basement 
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membrane, which separated the epithe-
lium from the lamina propria of the gin-
gival mucous membrane. The cytoplasm 
of cells of all epithelial layers, except for 
the stratum corneum, was stained baso-
philically as, according to classical ideas, 
it contained a large number of tonofila-
ments (note 7) – filamentary structures 
with the thickness of 10 nm, consisting 
of the prekeratin protein. This protein 
provided the mechanical properties of 
the epithelium, determined the gingival 
turgor, which resisted the mechanical 
load on the mucous membrane and de-
termined its extensibility. The marginal 
gingiva was covered by keratinized ep-
ithelium, which made it more resistant 
to mechanical, thermal and chemical ef-
fects during meals. The structure of the 
stratified squamous epithelium of the al-
veolar process mucous membrane in the 
area of maxillary and mandibular incisor 
crowding did not differ from the norm.

The analysis of micrographs of 
preparations taken after orthodontic 
treatment has shown that the reactive 
changes were observed in all layers of 
the oral mucous membrane. In the ep-
ithelium, keratinocytes of the spinous 
and superficial layers increased in size, 
the cytoplasm looked pale and didn’t 
react with stains; this pointed to the 
development of hydropic dystrophy to 
which epithelium cells were subjected 
to. Keratinization of the gingival ep-
ithelium manifested itself clinically as 
parakeratosis. However, the number 
of cells with preserved pycnosis nuclei 
in the gingival samples taken after 
orthodontic treatment significantly 
increased, the formed horny scales did 
not acquire oxyphilic staining, there 
was no granular layer of epithelium. 
The cytoplasm of cells of all epithelial 
layers, except for the stratum corneum, 
was stained basophilically. Focal leu-
kocyte infiltration was observed in the 
superficial layers of the epithelium (a), 
and separation of collagen fiber bundles 
was induced (b) (Fig.5).

Figure 5. Patient A., 29 years old (outpatient 
card No. 00053), with Class II malocclusion 
and maxillary incisor crowding. Micrograph 
(at 500 nm magnification) of stratified squa-
mous epithelium of the alveolar process mu-
cous membrane before fixed orthodontic ap-
pliance removal (reference group – 1)

During this period the following 
conditions came to the fore: a – signs 
of hydropic dystrophy of the spinous 
layer emerged; b – focal leukocyte in-
filtration of the superficial layers of ep-
ithelium was observed, c – horny scales 
acquired oxyphilic staining. Later on 
(in 6 months after removal of f ixed 
orthodontic appliances), there were 
no signs of hydropic dystrophy of the 
spinous layer cells, horny scales were 
oxyphilically stained, d – parakeratosis 
persisted, e – there were no cells with 
keratohyalin granules corresponding to 
the granular layer (Fig. 6).

Figure 6. Patient A., 29 years old (outpatient 
card No. 00053). Micrograph (at 280nm 
magnification) of stratified squamous ep-
ithelium of the alveolar process mucous 
membrane in 6 months after orthodontic 
treatment (reference group - 1)
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Thus, changes in the gingival tissues 
were restored in 6 months after ortho-
dontic treatment, which evidenced of 
their adaptive nature aimed at restoring 
the morphofunctional features of the 
mucous membrane of the alveolar pro-
cesses of both jaws.

Figure 7. Patient C., 25 years old (outpatient 
card No. 000267), with Class II malocclusion 
and maxillary incisor crowding. Micrograph 
(at 280nm magnification) of the stratified 
squamous epithelium of the alveolar process 
mucous membrane at the stage of fiberotomy 
before insertion of fixed orthodontic appli-
ance (group 2)

The basal layer rested on the base-
ment membrane (Fig. 7), which sepa-
rated the epithelium from the lamina 
propria of the gingival mucosa (a). The 
cytoplasm of cells of all epithelial lay-
ers, except for the stratum corneum, 
was stained basophilically (b) as, ac-
cording to classical ideas, it contained a 
large number of filamentary structures 
with the thickness of 10 nm, consisting 
of the prekeratin protein. This protein 
provided the mechanical properties of 
the epithelium, determined the gingival 
turgor, which resisted the mechanical 
load on the mucous membrane and de-
termined its extensibility. The marginal 
gingiva (c) was covered by keratinized 
epithelium, which made it more resis-
tant to mechanical, thermal and chem-
ical effects during meals.

The structure of the stratified squa-
mous epithelium of the alveolar process 
mucous membrane in the area of max-

illary and mandibular incisor crowding 
did not differ from the norm.

Microscopic examination of mor-
phological changes in the maxillary 
and mandibular gingival mucosa after 
orthodontic treatment has established 
that the gingival mucosa retained its 
typical structure: it was covered with 
stratified, squamous, partially kerati-
nized epithelium; the lamina propria 
was divided into two layers: the papil-
lary one which projected into the epi-
thelium in the form of papillae, and the 
reticular one formed by dense irregular 
connective tissue.

Figure 8. Patient B., 28 years old. Micro-
graph (at 280nm magnification) of stratified 
squamous epithelium of alveolar process mu-
cous membrane at the stage of fiberotomy  
3.5–4 weeks before removal of fixed ortho-
dontic appliance

‘

The reactive changes were observed 
in the stratified squamous epithelium 
of the mucous membrane of both the 
maxillary and mandibular alveolar pro-
cesses (Fig. 8). In the epithelium, kera-
tinocytes of the spinous and superficial 
layers increased in size (a), the cyto-
plasm looked pale and wasn’t stained; 
this pointed to the hydropic dystrophy 
development (b) affecting the epitheli-
um cells. Keratinization of the gingival 
epithelium manifested itself clinically as 
parakeratosis (c). However, the number 
of cells with preserved pycnosis nuclei in 
the gingival mucosa preparations at the 
fiberotomy stage 3.5-4 weeks before the 



190 L A  P R E N S A  M É D I C A  A R G E N T I N A
T
h
e
 
U
s
e
 
O
f
 
F
i
b
e
r
o
t
o
m
y
 
I
n
 
P
a
t
i
e
n
t
s
 
W
i
t
h
 
I
n
c
i
s
o
r
 
C
r
o
w
d
i
n
g
 
B
e
f
o
r
e
 
A
n
d
 
A
f
t
e
r
 
O
r
t
h
o
d
o
n
t
i
c
 
T
r
e
a
t
m
e
n
t

V.105/Nº4  

completion of orthodontic treatment 
significantly increased (d), the formed 
horny scales did not acquire oxyphilic 
staining (e), there was no granular layer 
of epithelium (f). 

The reactive changes were also ob-
served in the lamina propria of the 
mucous membrane. The connective 
tissue outgrowths in the papillary layer 
were smoothed out, the observed focal 
lymphocyte infiltration in some areas 
spread to the reticular layer, and the 
separation of collagen fiber bundles was 
noted. The reticular layer looked edem-
atous due to a violation of vascular per-
meability, most venules were enlarged, 
they became empty or had a collapsed 
lumen. In the walls of arterioles, myo-
cytes of the muscular coat showed signs 
of hydropic dystrophy. The growth of 
small blood capillaries was observed on 
the border of the papillary and reticular 
layers.

During this period, the development 
of hydropic dystrophy persisted in the 
spinous layer, focal leukocyte infiltra-
tion of the superficial layers of epitheli-
um was observed, and the horny scales 
acquired oxyphilic staining. Later on, 
there were no signs of hydropic dys-
trophy of the spinous layer cells, horny 
scales were oxyphilically stained, par-
akeratosis persisted and there were no 
cells with keratohyalin granules corre-
sponding to the granular layer.

The histological studies of gingi-
val biopsies suggest that changes in 
the epithelium at the final stages of 
orthodontic treatment indicate its 
damage and reflect the development 
of regenerative-plastic insufficiency. 
The factors that cause the development 
of regenerative-plastic insufficiency of 
epithelium of the gingival mucosa in-
clude orthodontic treatment (with fixed 
appliances). When characterizing the 
lamina propria of the gingival mucosa 
at the final stages of orthodontic treat-
ment, the presence of multiple intercel-
lular edema should be noted.

Thus, in the examined three groups 
of patients, the identified structural 
changes in the gingival mucosa indicate 
its damage and the presence of chronic 
productive inflammation as a physio-
logical response to orthodontic treat-
ment with fixed appliances. The results 
of the comparison of micrographs of 
the stratified squamous epithelium of 
the mucous membrane of the maxil-
lary and mandibular alveolar process-
es in three groups of patients allowed 
to reach the aim of study.

Conclusion

1)	 In patients of the first group 
(reference), orthodontic treatment of 
incisor crowding and of Class I-III 
malocclusion lasted on average 10.9 
± 0.7 months. Patients of the second 
group, where the orthodontic treat-
ment of incisor crowding was preceded 
by fiberotomy, achieved successful re-
sults in 7.8 ± 0.8 months. In patients 
of the third group, where fiberotomy 
was performed after the conclusion of 
orthodontic treatment, the duration of 
the whole treatment process was the 
same as in the reference group (11.0 ± 
0.6 months).

2)	 Structural changes in the 
gingival mucous membrane, defined 
during the study, allow making the 
following assumptions. Based on the 
terms of the orthodontic treatment 
of incisor crowding and of Class I-III 
malocclusion in patients aged 16-25 
years, the shortest duration of the ac-
tive phase of treatment was observed 
in the group where the fiberotomy was 
performed immediately before the 
placement of fixed orthodontic appli-
ances. Similarly, it can be assumed that 
the duration of the retention period 
with the use of the retention appliance 
will be less if the patient undergoes fi-
berotomy immediately before or after 
the proposed treatment.
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Notes

Note 1: Plastic (building) functions - 
in physiology, the general functions 
underlying cellular and tissue pro-
cesses.

Note 2: To balance - to bring the inter-
related sides of any activity into the 
right ratio.

Note 3: Recurrence (recidive, from lat. 
recidivus – returning) – the return, 
the repetition of any phenomenon 
after its apparent disappearance; 
med. - remanifestation of the dis-
ease after apparent recovery.

Note 4: Morphology (gr. morphe  
- form + logos - concept, teaching) 
studies the form and structure of 
living organisms (anatomy, includ-
ing embryology, cytology, histol-
ogy). The term “morphological” 
refers to the appearance and struc-
ture.

Note 5: Approved by the Armed Forc-
es of the Russian Federation on 
22.07.1993,  No. 5487 (as amended 
on 07.12.2011), under Article No. 
43 on the Procedure of applying 
new methods for the prevention, 
diagnosis, treatment, as well as 
drugs, immunobiological prepara-
tions and disinfectants, and carry-
ing out biomedical research.

Note 6: In edition of Federal Laws 
No. 29-FZ and No. 122-FZ dated 
27.02.2003 and 22.08.2004, re-
spectively. 

Note 7: (Tonos - (gr.) - tension, stretch-
ing and filaments)

References

1.	 Anikienko AA, Pankratova NV, 
Persin LS (2010) Sut apparaturnogo 
ortodonticheskogo lecheniya i yego pod-
chineniye fiziologicheskim zakonam 
razdrazheniya [The essence of ortho-
dontic treatment with fixed applianc-
es and its subordination to the phys-
iological laws of irritation]. Moscow: 
Medical information agency.

2.	 Anikienko AA (1963) Izmeneniya 
v zubnykh i okolozubnykh tkanyakh 
pri vertikalnom peremeshchenii 
(vytyazhenii) zubov [Changes in 
dental and peridental tissues upon 
vertical movement (elongation) of 
teeth: dissertation ... cand. med. 
sciences]. Moscow.

3.	 Falin LI (1963) Gistologiya i embri-
ologiya polosti rta i zubov [Histology 
and embryology of the oral cavity 
and of the teeth]. Moscow: Medgiz.

4.	 Persin LS (2006) Vidy zubochelyust-
nykh anomaliy i ikh klassifitsirovaniye 
[Types of dentoalveolar anomalies 
and their classification]. Moscow: 
MGMSU.

5.	 Persin LS, Elizarova VM, Dyako-
va SV (2006) Stomatologiya detskogo 
vozrasta [Pediatric dentistry. 5th 
ed., revised and enlarged]. Moscow: 
Meditsina publishing house.

6.	 Calvelis DA (1961) Biomorfologich-
eskiye osnovy ortodonticheskogo lech-
eniya [Biomorphological basis of 
orthodontic treatment]. Riga.

7.	 Rubinov IS (1965) Fiziologicheskiye 
osnovy fiziologii [Physiological basis 
of physiology]. Moscow: Meditsina 
publishing house.



Pren. Méd. Argent. 
June 2019  

Vol. 105 - Nº 4
192-196

LLC “Research and 
Production Center 
for Microbiology and 
Virology”, Bogen-
bai batyr street 105, 
Bostandyk district, 
Almaty, 050010, Re-
public of Kazakhstan. 
Email: ratnikova.i.a@
mail.ru

The Effect Of The Lactic Acid Bacteria 
Culturing Conditions On Their Antagonistic 
Activity To Pathogens Of Tuberculosis
Irina Alexandrovna Ratnikova, Amankeldi Kurbanovich Sadanov, Nina Nicolaevna Gavrilova, 
Orazymbet Saltanat Emilkyzy, Olga Andreevna Belikova

Abstract

It has been found that the antagonistic 
activity of lactic acid bacteria depends on 
the composition of the nutrient medium 
and the temperature of culturing. It has 
been shown that the best antimicrobial 
effect to mycobacteria is achieved by the 
cultivation of lactic acid bacteria on the 
MRS nutrient media and a combined nu-
trient medium with the use of lactulose or 
glucose as a source of carbon. The optimum 
temperature for culturing an association of 
lactic acid bacteria for achieving high an-
tagonistic activity to mycobacteria is 300C, 
and the duration of cultivation is 24 hours. 

Keywords: tuberculosis, bacilli, lactic 
acid bacteria, antagonistic activity, cul-
turing conditions.

Introduction

Tuberculosis is one of the most import-
ant medico-biological and socio-eco-
nomic problems in many countries [1, 2].

In addition to the social, environ-
mental and economic reasons, the wide 
spread of tuberculosis is also deter-
mined by the emergence of the forms 
of the disease that are resistant to com-
monly used medications. 

The prolonged nature of antibacte-
rial therapy with high dosages of medi-
cations, which causes weakening of the 
immune system in patients with tuber-
culosis increases the interest in probiot-
ics as a potential means of reducing the 
use of antibiotics and their side effects. 

Currently, there is more and more 
evidence that probiotics can not only 
maintain normal microflora in the gas-

trointestinal tract but also can regulate 
the immune response outside the gas-
trointestinal tract, including the muco-
sa of the respiratory tract, with potential 
efficacy in modulating the allergic reac-
tions and lungs’ infection [3 – 5].   

At the RSE “Institute of Micro-
biology and Virology” of SC MES of 
Kazakhstan, 10 strains of lactic acid 
bacteria were selected with high anti-
microbial activity against the clinical 
multiresistant strain Mycobacterium 
tuberculosis, which might be used for 
creating a probiotic for prevention and 
comprehensive treatment of tuberculo-
sis [6].   

The aim of the research was to iden-
tify the factors that determine the an-
tagonistic activity of the selected strains 
of bacteria.

Methods

The objects of the study were strains of 
lactic acid bacteria L. cellobiosus 7n1 and 
2/20, L. fermentum 27A-4, L. acidoph-
ilus 27w/60, 27w/84 and 98, L. brevis 
B-3/43, L. plantarum 2B/A-6, 22 and 
14D/13 with high antagonistic activity 
to clinical polyresistant strain Mycobac-
terium thuberculosis.

The strains of lactic acid bacteria 
were grown in the liquid MRS medium 
for 24 hours at 350C.

Strain Mycobacterium B5 was used as 
the test culture for the research. Being 
very similar to the highly infectious tu-
berculosis mycobacteria, Mycobacterium 
B5 has low infectivity and therefore does 
not require especially safe conditions for 
experiments. This fact makes it a very 
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valuable modulator for laboratory stud-
ies of tuberculosis. 

Antagonistic activity against My-
cobacterium B5 was determined by the 
method of diffusion into nutrient agar 
by the zones of test culture growth in-
hibition [7].

Results

One of the conditions for improving 
the antagonistic activity of lactic ac-
id bacteria is identifying the optimum 
conditions for cultivating microorgan-
isms. With that, important factors are 
the composition of the nutrient medi-
um and the temperature and duration 
of cultivation. 

To determine the effect of the nu-
trient medium composition on the an-
tagonistic activity of lactic acid bacteria 
against Mycobacterium B5, the cultures 
were cultivated on the MRS nutrient 
medium, as well as the media combined 
on the basis of corn extract [8] and skim 
milk. The results are shown in Table 1.

It has been found that in case of cul-
tivation in milk, the antagonistic ac-
tivity of the lactic acid bacteria against 
mycobacteria is less explicitly mani-
fested. With that, it is absent in strains 

L. plantarum 14d/13, L. acidophilus 
27w/60, and L. acidophilus 27w/84. The 
diameter of mycobacteria growth inhi-
bition zones by other strains of lactic 
acid bacteria did not exceed 9 - 10 mm. 

All strains of lactic acid bacteria 
grown on the MRS and combined nu-
trient media had antagonism against 
mycobacteria. With that, the test cul-
ture growth inhibition zones in the 
MRS medium were 16 – 19 mm, and in 
the combined medium — 18 – 22 mm.

The influence of sucrose, raffinose, 
and lactulose in the MRS nutri-
ent medium on cel ls’ accumula-
tion and the antagonistic activity 
of lactic acid bacteria were studied. 
It has been found that the studied strains 
of lactic acid bacteria grow on all ana-
lized carbohydrates. The greatest num-
ber of bacterial cells was detected on 
the medium with lactulose, compared 
to glucose (Table 2). For example, the 
number of cells of lactic acid bacteria on 
a medium with glucose was n x 108 – n x 
1010 CFU/ml, and on the medium with 
lactulose — n x 1010 – n x 1011 CFU/ml. 
Several strains (L. fermentum 27A-4, 
Lactobacillus plantarum 22, and 14d/13, 
L. brevis B-3/43, L. cellobiosus 2/20, L. 
acidophilus 27w/60 and 27w/84) show 
a decrease in their growth on raffinose 

Table 1. Antagonistic activity of lactic acid bacteria against Mycobacterium B5

Strains of lactic acid bacteria

The diameter of Mycobacterium B5 growth inhibition zones with 
growing in various cultural media, mm

MRS medium Combined medium Skim milk

L. plantarum 14d/13 18.0 ± 0.7 19.0 ± 0.5 0

L. plantarum 22 18.0 ± 0.8 20.0 ± 1.0 10.0 ± 0.3

L. plantarum 2b/A-6 19.0 ± 0.6 22.0 ± 0.6 10.0 ± 0.3

L. fermentum 27A-4 16.0 ± 0.3 18.0 ± 0.0 9.0 ± 0.3

L. brevis B-3/43 17.0 ± 0.3 18.0 ± 0.6 9.0 ± 0.5

L. cellobiosus 2/20 18.0 ± 0.0 18.0 ± 0.3 9.0 ± 0.5

L.cellobiosus 7n1
19.0 ± 0.6 19.0 ± 1.0 10.0 ± 0.5

L. acidophilus 27w/60 18.0 ± 0.0 19.0 ± 0.3 0

L. acidophilus 27w/84 19.0 ± 0.3 20.0 ± 0.3 0

L. acidophilus 98 17.0 ± 0.3 19.0 ± 0.6 10.0 ± 0.0
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compared to other carbohydrates. 
The antagonistic activity of the stud-

ied strains of lactic acid bacteria was 
detected on the media with glucose, 
lactulose, and sucrose. Strains Lactoba-
cillus plantarum 22, 2B/A-6 and 14D/13, 
Lactobacillus fermentum 27 A-4 L. brevis 
B-3/43, L. cellobiosus 2/20 and 7n, L. aci-
dophilus 27w/60, 27 w/84 and 98 showed 
high antagonistic activity to Mycobacteri-
um B5 on glucose (17.0; 17.0; 15.5; 20.0; 
17.0; 28.0; 21.0; 26.0; 26.5 and 28.5 
mm, respectively) and lactulose (22.0; 
20.5; 23.0; 26.0; 20.0; 21.0; 29.0; 24.5; 

28.0 and 30.0 mm, respectively). With 
sucrose present in the nutrient medium, 
antagonism to mycobacteria was not 
found in culture L. plantarum 22, in oth-
er media, the antagonistic activity was 
lower than that on glucose and lactulose.  
No strain of lactic acid bacteria showed 
antagonistic activity to mycobacteria 
when grown on raffinose (Table 3). 

To determine the optimal tempera-
ture of cultivation, an association of 
bacteria No. 3 ( L. plantarum 22 + L. 
acidophilus 98 + L.cellobiosus 2/20 + L. 
acidophilus 27w/84) was grown onto nu-

Table 2. Titers of lactic acid bacteria on media containing various carbohydrates

Bacterial strains
Titers of bacteria, CFU/ml, depending on the carbohydrate used

glucose sucrose raffinose lactulose

L. plantarum 2b/A-6 3.2 ± 0.3x108 5.3 ± 0.3x108 3.0 ± 0.3x108 2.0 ± 0.3x1010

L. plantarum 22 3.0 ± 0.3x109 3.0 ± 0.3x109 7.5 ± 0.5x108 5.6 ± 0.5x1010

L. plantarum 14d/13 2.6 ± 0.5x1010 3.2 ± 0.3x1010 4.8 ± 0.5x109 9.8 ± 0.5x1011

L. fermentum 27A-4 8.6 ± 0.4x108 6.4 ± 0.3x108 5.6 ± 0.5x107 3.6 ± 0.4x1010

L. brevis B-3/43 4.5 ± 0.5x109 5.1 ± 0.5x109 4.2 ± 0.5x107 9.9 ± 0.5x1010

L. cellobiosus 2/20 2.6 ± 0.5x1010 3.2 ± 0.3x1010 4.8 ± 0.5x109 9.8 ± 0.5x1011

L. cellobiosus 7n1
1.8 ± 0.4x1010 1.3 ± 0.5x1010 2.0 ± 0.5x1010 9.7 ± 0.5x1011

L. acidophilus 27w/60 2.5 ± 0.5x109 1.5 ± 0.6x109 5.6 ± 0.5x106 9.6 ± 0.5x1010

L. acidophilus 27w/84 2.7 ± 0.5x109 1.0 ± 0.5x107 1.7 ± 0.3x107 5.7 ± 0.5x1010

L. acidophilus 98 2.8 ± 0.6x109 4.2 ± 0.5x109 3.0 ± 0.3x109 2.5 ± 0.5x1010

Table 3. Titers of lactic acid bacteria on media containing various carbohydrates

Bacterial strains

The diameter of test cultures’ growth inhibition zones, mm, depending on the 
carbohydrate used

glucose sucrose raffinose lactulose

L. plantarum 2B/A-6 17.0 ± 0.2 15.0 ± 0.4 0.0 22.0 ± 0.4

L. plantarum 22 17.0 ± 0.2 0.0 0.0 20.5 ± 0.6

L. plantarum 14d/13 15.5 ± 0.4 14.0 ± 0.3 0.0 23.0 ± 0.4

L. fermentum 27A-4 20.0 ± 0.6 16.5 ± 0.2 0.0 26.0 ± 0.5

L. brevis B-3/43 17.0 ± 0.2 15.0 ± 0.4 0.0 20.0 ± 0.6

L. cellobiosus 2/20 28.0 ± 0.6 10.0 ± 0.2 0.0 21.0 ± 0.4

L.cellobiosus 7n1
21.0 ± 0.4 15.0 ± 0.4 0.0 29.0 ± 0.6

L. acidophilus 27w/60 26.0 ± 0.5 17.0 ± 0.2 0.0 24.5 ± 0.5

L. acidophilus 27w/84 26.5 ± 0.5 15.5 ± 0.4 0.0 28.0 ± 0.6

L. acidophilus 98 28.5 ± 0.7 17.5 ± 0.2 0.0 30.0 ± 0.7
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trient media: 1 — the MRS medium; 2 
— combined medium. Cultivation was 
performed at 30 and 370C for 24 and 
48 hours.

The results of an accumulation of 
bacterial cells of the association culti-
vated on various nutrient media at 30 
and 370C for 24-hours are shown in 
Table 4.

Table 4. Accumulation of bacterial cells of 
the association cultivated on various nutrient 
media at 30 and 370C for 24 hours.

Variant 
No.

Nutrient medium
The titer of 

bacteria, CFU/ml

Cultivation temperature 300

1 MRS medium 2.9 ± 0.7x109

2 Combined medium 3.2 ± 0.3x109

Cultivation temperature 370C

1 MRS medium 3.0 ± 0.4x109

2 Combined medium 3.1 ± 0.3x109

It has been found that titers of bacte-
ria at the temperature cultivation equal 
to 300C on the MRS medium were 
2.9x109 CFU/ml, and on the combined 
medium — 3.2x109 CFU/ml. At the 
temperature of 370C on the same media, 
they were 3.0x109 CFU/ml and 3.1x109 

CFU/ml, respectively. Therefore, the 
accumulation of bacterial cells on both 
nutrient media is virtually identical, 
and their number is the same at the cul-
tivation temperatures of 30 and 370C. 

The results of the antagonistic activi-
ty of the association of lactic acid bacte-
ria cultivated on various nutrient media 
at 30 and 370C for 24 hours are shown 
in Figure 1.

When grown on both nutrient media 
at the temperature of 300C for 24 hours, 
the association has the same antagonis-
tic activity against mycobacteria.

At the temperature of 370C, the 
antagonistic activity of the associa-
tion grown on the MRS nutrient did 
not change, and that of the association 
grown on the combined medium de-
creased. With that, the growth inhibi-
tion zone of the test culture decreased 
from 25.5 mm to 20.0 mm. This is an 
evidence of the fact that the tempera-
ture of 300C is more optimal for cul-
tivating the association. Increasing the 
duration of the association cultivation 
to 48 hours did not result in increasing 
the titer of bacteria and their antagonis-
tic activity.
Conclusion

Figure 1. Antagonistic activity of the association of lactic acid bacteria cultivated on two 
(MRS and combined) nutrient media at 30 and 370C for 24 hours
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Thus, the antagonistic activity of lac-
tic acid bacteria depends on the com-
position of the nutrient medium and 
the temperature of culturing. The best 
antimicrobial effect to mycobacteria 
is achieved by the cultivation of lactic 
acid bacteria on the MRS nutrient me-
dium and a combined nutrient medium 
with the use of lactulose or glucose as 
a source of carbon. The optimum tem-
perature for culturing an association of 
lactic acid bacteria for achieving high 
antagonistic activity to mycobacteria is 
300C, and the duration of cultivation 
is 24 hours. 
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Abstract

The article is dedicated to the development 
of a multicomponent high-protein product 
for the nutrition of physically active indi-
viduals. The possibility to introduce fla-
voring fillers and a biologically active sup-
plement in the milk and vegetable base of 
fermented whipped dessert has been estab-
lished, and the expediency thereof has been 
justified. Based on a mathematical model, 
the possibility of preparing dessert systems 
with the specified optimum parameters has 
been confirmed. The influence of nondairy 
protein components on the improvement of 
functional and technological properties of 
multicomponent mixtures for desserts has 
been revealed. It has been demonstrated 
that the inclusion of desserts with specified 
optimum parameters in the diet will have 
a positive effect on increasing the body’s 
adaptive capacity. 

Keywords: nutrition, dairy and veg-
etable dessert, proteins, foam-producing 
properties, dihydroquercetin, symbiotic 
starter. 

Introduction

Modern biochemistry, physiology and 
nutrition science provisions encourage 
specialists to refine and, in some cases, 
revise the requirements for newly creat-
ed products and the principles of their 
production in accordance with chang-
ing working and living conditions of 
people, as well as deteriorating environ-
mental factors [1, 2, 3, 4]. 

The World Health Organization de-
veloped a global action plan to promote 
physical activity of the population for 

2018 – 2030 [5]. One of the most import-
ant components of the plan is to improve 
the nutrition structure; the consumption 
of healthy food helps to prevent many 
noncommunicable diseases, improving 
the body’s adaptive capacity.

There is an urgent need to develop 
innovative approaches to the creation 
of multifunctional ingredients ensur-
ing the leveling of these adverse con-
ditions, on the one hand, and meeting 
the requirements of food hygiene of the 
various population groups, on the other 
hand [6 – 8].

According to the concept of func-
tional (positive) nutrition, the human 
body must receive all the beneficial nu-
trients together with food, and not as a 
drug formulation.

The deficit of full-f ledged protein 
nutrition of the population (26 % on 
the average) is a socially significant 
problem in the Russian Federation. As 
is well known, among nutrient mate-
rials, proteins play a crucial role, and 
the sustainable combination thereof in 
the diet is very important. Numerous 
studies of Russian and foreign scientists 
have shown that providing full-fledged 
nutrition is possible based on vegetable 
proteins. There are developments using 
proteins from traditional and nontradi-
tional raw materials [9 – 12]. Soy pro-
teins are widely used.

The research is aimed at further 
implementing progressive production 
methods for combined milk and vege-
table products, improving and intensi-
fying technological processes, increas-
ing production efficiency, improving 
the quality and ensuring the safety of 
products.
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All the above indicates the relevance 
of the problem considered herein – the 
development of a specialized high-pro-
tein product technology.

Materials and Methods

The following materials were selected 
for the research:
–	 Protein sources – soy and milk con-
centrate, SUPRO 760 soy isolate, defat-
ted soy flour (GOST 17109-88);
–	 The source of biologically active sub-
stances – Lavitol (dihydroquercetin) an-
tioxidant (TU 2455-00348375962-04);
–	 Flavoring fillers – beet puree, carrot 
puree;
–	 Symbiotic starter consisting of a 
consortium of bifidobacteria and lactic 
acid microorganisms at a 1:1 ratio (DVS 
starter cultures). 

The objects of research were: 
–	 Milk and vegetable mixture in vari-
ous ratios; and
–	 Fermented whipped milk and vege-
table dessert.

The foam-producing properties of 
protein solutions were estimated by the 
following indicators:
–	 Whipping capacity – the volume of 
the foam obtained from a certain vol-
ume of liquid, referred to a given vol-
ume, %;
–	 Foam stability – time of disappear-
ance of the half the foam volume, min; 
and
–	 Foam volume – the volume of foam 
not destroyed within one hour, %.

The following standard methods were 
used for the research: the mass fraction 
of fat was determined as per GOST R 
ISO 2446-2011, the titrated acidity of 
the product – as per GOST R 54669-
2011, the mass fraction of protein – as 
per GOST 25179-2014; the total mass 
fraction of dry skim milk – as per GOST 
R 54761-2011; and organoleptic evalua-
tion of the product – as per GOST R 
ISO 22935-2-2011. The following meth-

ods were used to determine carbohy-
drates: starch – by the Ewers’ polarimet-
ric method, sucrose – by the colorimetric 
method, glucose − by the glucose oxidase 
method, and dextrins and cellulose – by 
the enzymatic method [13]. 

The energy value of the product was 
calculated based on the chemical com-
position using the following ratios: 4.1 – 
for proteins, 9 – for lipids, and 3.75 – for 
carbohydrates.

All experiments were carried out 
in five replications; the data were pro-
cessed using the Excel statistical soft-
ware package using the Mann-Whitney 
test. Statistically significant differences 
at p < 0.05 were discussed.

Results and Discussion

The development of formulations and 
the industrial production of low-calo-
rie, but biologically full-fledged prod-
ucts, which include combined protein 
and enriched products, becomes very 
important [14 – 19]. 

Given the relevance of the above, 
studies were conducted to develop a fer-
mented whipped dessert on a milk and 
soy basis using regional raw resources 
of the Amur Region, namely soya bean 
(Lat. Glycine max); Larix gmelinii (Lat. 
Lárix gmélinii) or Dahurian larch (Lat. 
Lárix dahúrica); zoned beetroot vari-
eties (Bordeaux 237, Leningradskaya 
okruglaya 221/17), and garden carrots 
(Nantskaya 4, Nesravnennaya, Shan-
tene 2461, Moskovskaya Zimnyaya 
A-515).

As of today, it has been proven that 
the soy proteins are the most promising 
vegetable proteins, which is due to the 
following: first, soybeans are a unique 
source of protein; soy proteins are char-
acterized by the highest biological val-
ue among vegetable sources, they have 
clinically and experimentally proven 
hypocholesterolemic effect; secondly, a 
large-scale production of protein prod-
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ucts (isolates, concentrates) has been 
launched; and thirdly, a wide range 
of protein products may be produced 
based on the seeds of this culture [12]. 

Currently, in the development and 
production of food products, great at-
tention is paid to their enrichment with 
natural antioxidants, which reduce the 
oxidative processes with free radicals, as 
well as with dietary fibers – as a prebiotic.

During wood harvesting on the ter-
ritory of the Amur Region, the forest 
areas of which are represented mainly 
by coniferous species, the waste remains 
from the logging industry, the most in-
teresting of which is the root of Dahu-
rian larch. In the process of extraction 
of the upper layer of the root wood 
crushed to sawdust, the main product 
dihydroquercetin is obtained [19, 20], 
which is manufactured and sold under 
the Lavitol (dihydroquercetin) trade-
mark at Ametis JSC (Blagoveshchensk, 
Amur Region).

At the first stage, for the preparation 
of a whipped dessert on a milk and soy 
basis, such functional properties of the 
mix as its foaming ability, reflecting the 
quality indicators of the finished prod-
uct, were studied. Moreover, soy pro-
teins have a certain foaming capacity 
[19 – 22].

During the experiments, the protein 
concentration in the solution was varied 
in the range from 5 to 25 %. 

Figure 1 presents the results of the 
studies of the whipping, stability and 
volume of the foam.

As follows from the data above, of 
all the studied soy components with in-
creasing protein concentration, the de-
fatted soy flour solutions have the best 
whipping capacity – from 19 to 97 %. 
For the solution with the SUPRO 760 
soy isolate, slightly smaller values (from 
16 to 75 %) were obtained.

The most stable foam was also de-
tected for the soybean flour solution. 
Thus, half of the foam volume was 
maintained for (20 – 42) minutes. 

The largest foam volume, indestruc-
tible within 60 minutes, was observed 
in the defatted soy f lour solution. It 
should be noted that with an increase in 
the flour concentration in the solution, 
the index also tends to increase – 29, 31, 
38, 43 and 46 %.

Thus, among the studied soy com-
ponents, the defatted soy flour is the 
most preferable one since it meets the 
requirements of the production tech-
nology of whipped dessert to the fullest 
extent possible, having the best foaming 
and foam-stabilizing properties of the 
soy components studied.

The influence of the pH of the me-
dium on the foam-producing proper-
ties of the milk and soy mixture was 
studied taking into account that the re-
action of the medium had a significant 
effect on the foam-producing capacity. 
The results of the study are shown in 
Figure 2.

It follows from Figure 2 that with a 
shift in the pH medium to the acidic side, 
the foam-producing capacity increas-
es, reaching the maximum value (71.8 
%) at a pH of 4.9. This is due to the fact 
that the fluid flow velocity decreases in 
the solution, and the adhesion forces be-
tween the molecules increase; therefore, 
foam formation occurs more intensively. 
Subsequent acidification of the medium 
is impractical, and the foam-producing 
process is deteriorating. 

For the fermentation of the milk and 
soy mixture, direct starter cultures were 
used, namely: YC-180, containing the 
strains of Streptococcus thermophilus 
and Lactobacillus delbrueckii of the bul-
garicus subspecies; BB-12 - Bifidobacte-
rium type containing Bifidobacterium 
lactis. Fermentation was carried out at 
a temperature of (38 ± 2) °C for (3 – 5) 
hours until reaching an acidity of (80 – 
90) °T, then the fermented mixture was 
cooled to a temperature of (2 – 6) °C.

Dihydroquercetin is a polyphe-
nol-class biof lavonoid with vitamin 
P activity, its effect on the body is  
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Figure 1. The effect of protein concentration in solution on the foaming capacity of the protein 
mixture: a – whipping capacity; b – foam stability; c – foam volume.

expressed in the regulation of metabol-
ic processes, creating protective mech-
anisms in healthy tissue cells from 
the pathological effects of hazardous 
chemicals, radionuclides and magnetic 
radiation. Dihydroquercetin does not 
show toxicity, it is active at low concen-
trations, thermolabile, and resistant to 
mechanical stress.

At the next stage of the research, sig-
nificant factors were identified that had 
the greatest impact on the quality indi-
cators of fermented milk and soy dessert:

–	 The amount of milk and soy base;
–	 The amount of flavor components; 
and

Figure 2. The influence of pH of the medium 
on the foam-producing capacity of the milk 
base
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–	 The amount of the Lavitol (dihydro-
quercetin) food supplement.

As a result of the regression analy-
sis of the experimental data, regression 
equations were obtained, describing the 
dependencies of the resulting criteria on 
the studied factors: 

Y1=4.61-0.1188X1-0.2363X2-
0.0375X3-0.085X1X2-0.475

X2
1-0.18X2

2 -0.4425X2
3

Y2=9.8+0.975X1+0.725X2+2.925X3-
1.025X1X3+1.125X2X3-1.3125X2

2 
-4.3125 X2

3
Y3=109.6667+12.8X2-

6.3125X3+20.3042X2
1+14.9042X2

3 

The adequacy of the equations was 
tested by the Fisher criterion.

Based on the data obtained, a re-
gressive analysis of the Y = f (X1, X2, 

X3) dependence was carried out, and 
mathematical models were construct-
ed ref lecting the dependence of the 
number of probiotic microorganisms 
on the dose of the Lavitol (dihydro-
quercetin) supplement (Fig. 3), as well 
as the effect of the supplement on or-
ganoleptic indicators of the finished 
product (Fig. 4).

The obtained mathematical models 
made it possible to establish the optimal 
parameters of the following factors: the 
amount of the milk and vegetable base 
– (90.2 – 91.3) %, the content of flavor 
components in the dessert – (9.7 – 8.6) %; 
and Lavitol food supplement – 0.056 %. 

The novelty of the technological 
solutions is protected by patent 2477050 
“Method for producing a fermented 
whipped dessert on a milk and soy ba-
sis.” The method includes the prepara-

2
2

Figure 3. The dependence of the number of bifidobacteria on the amount of the Lavitol (dihy-
droquercetin) supplement in the milk and vegetable dessert

  

Figure 4. The dependence of the organoleptic assessment on the amount of the Lavitol (dihy-
droquercetin) supplement in the milk and vegetable dessert
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tion of a mixture of milk and soy disper-
sion and skim milk in the ratio of 85:15, 
filtering, homogenization, pasteuriza-
tion at a temperature of (90 ± 2)°C with 
holding for (5 – 10) min, cooling to the 
fermentation temperature of (38 ± 2)°C, 
and introducing the DVS starter. The 
resulting mixture was fermented at a 
temperature of (38 ± 2)°C for (3 – 5) 
hours until reaching an acidity of (80 – 
90)°T, then the fermented mixture was 
cooled to a temperature of (2 – 6) °C, 
and beetroot puree in the amount of 8.6 
% or carrot puree in the amount of 9.7 
% of the product weight and the Lavitol 
(dihydroquercetin) food supplement in 
the amount of 0.056 % of the product 
weight were added, then the mixture 
was stirred, cooled to (0 – 2) °C, and 
whipped for 5 minutes at 1,500 rpm. 

Data on the content of basic nutri-
ents are presented in Table 1.

Table 1. Chemical composition and energy 
value of dessert

Name Milk and vegetable dessert

Protein, g 6.20

Fat, g 3.2

Carbohydrates, g 28.7

Energy value, kcal/100 g 162

As follows from the table, the fer-
mented whipped milk and vegeta-
ble dessert is characterized by a large 
amount of protein and carbohydrates 
on the background of a low fat content, 
which allows recommending the prod-
uct for the nutrition of physically active 
people. The comprehensive assessment 
of the developed milk and vegetable 
dessert has shown the compliance of its 
safety and nutritional values with the 
requirements of regulatory and techni-
cal documentation.

The technology for producing the 
fermented milk ice cream using starter 
microorganisms, and bee products has 
also been developed within the chosen 

direction (patent of the Russian Feder-
ation 2614797). 

Thus, the food technologies de-
scribed are an innovation in the con-
sumer market in the field of functional 
food, and due to their biological ade-
quacy, they can be recommended as an 
adaptive nutrition.

Conclusion

The possibility of introducing flavoring 
fillers, biologically active supplements, 
probiotic microorganisms into the milk 
and vegetable base of high-protein des-
sert has been established, and the expe-
diency thereof has been justified. Based 
on the mathematical model, the possi-
bility of preparing dessert systems with 
the specified optimum parameters has 
been confirmed. 
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Abstract

The study was aimed at investigating the 
features of gnostic functions in the elderly 
people suffering from dementia. To imple-
ment the objectives of the study and to solve 
the set tasks, the following methods were 
used: visual gnosis tests (recognition of im-
ages, the selection of three subject pictures, 
selecting parts of a whole, etc.), the acoustic 
gnosis tests (score and perception of rhythms, 
recognition of nonspeech sounds), and tac-
tile gnosis tests (tactile identification, Teu-
ber test, Foerster test). When running the 
visual gnosis tests, the elderly people with 
the dementia diseases slowly initiated the 
tasks, made numerous errors, and some-
times could not cope with the tasks at all. 
Also, the perception integrity disorders, the 
presence of fragmentation, lack of accuracy, 
differentiation, preservation of specific ob-
jective images-objects, and the violation in 
the understanding of the spatial arrange-
ment of things were revealed. When per-
forming the auditory-motor coordination 
tests, the elderly people suffering from de-
mentia needed more time to listen to, they 
asked for the repeated sound representation, 
and there were often errors in the rhythmic 
structure reproduction. When performing 
the tactile gnosis tests, the elderly people 
suffering from dementia had difficulties 
in identifying the subject by touch, in un-
derstanding the right and left-sided spatial 
relationships, and also made errors in rec-
ognizing one of the touches when the exper-
imenter touched their hands. Based on the 
study results, the recommendations have 
been developed for the preservation and 
improvement of the existing gnostic func-
tions’ disorders in the elderly people suffer-
ing from dementia. The recommendations 

are complex, and they can also be useful for 
the medical staff whose professional activ-
ity is directly related to the elderly people 
suffering from dementia, their relatives 
and the persons closest to them. 

Keywords: gnostic functions, dementia 
diseases, the elderly people, neuropsycholog-
ical diagnostics.

Introduction

According to experts of the World 
Health Organization (WHO), about 
19% of the total population in Russia 
are the elderly people, and by 2050 their 
number will reach one third. There are 
26.5 million of those over 60[1].

Due to the increase in the number of 
the elderly people, the number of those 
suffering from dementia in need of psy-
chiatric care is also increasing. Accord-
ing to the WHO, currently, more than 
47 million inhabitants of the Earth 
suffer from dementia, and the num-
ber of patients increases by 10 million 
every year, and by 2050 their number 
will triple. At the same time, there is 
no exact information about the number 
of persons suffering from dementia in 
Russia. According to the official data, 
their number is about 1.3 – 1.8 million 
people, but experts consider such sta-
tistics to be understated [2]. It is worth 
mentioning that in Russia dementia is 
practically not diagnosed at the initial 
stages, and the behavioral problems are 
attributed to the character traits.

It is well known that in the brain of 
people with dementia the irreversible 
atrophic process takes place, which di-
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rectly affects the mental processes and 
functions [3], [4]. One of such most vul-
nerable functions is that of perception, 
and the gnostic functions’ disorders re-
sult in deteriorating the quality of life 
for the elderly people with dementia [5], 
[6], [7].

Currently, such domestic scientists 
as S.I. Gavrilova, N.K. Korsakova, I.F. 
Roshchina et al. are engaged in the 
study of impaired mental functions in 
various types of dementia [8], [9], [10]. 
At the same time, a number of authors 
proved a significant increase in demen-
tia incidence in the elderly population, 
associated with high frequency of hos-
pitalizations, costs of public health fa-
cilities, a huge burden on the patient’s 
relatives, and medical personnel. With 
the growing prevalence of dementia 
diseases among elderly and senile age 
people, as well as the involvement of a 
large number of working age people in 
the medical, psychological, economic 
problems associated with the dementia 
disease, it becomes clear that the study 
of mental processes and functions dis-
turbed as a result of dementia, as well 
as the development of corrective actions 
are very topical and important, both in 
theoretical and in practical terms [11], 
[12], [13], [14].

Materials and Methods

To study the features of gnostic func-
tions in the elderly people suffering from 
dementia, we used the following meth-
ods: analysis of scientific literature in 
various fields of knowledge (neuropsy-
chology, gerontopsychology and geriat-
rics, psychiatry), neuropsychological di-
agnostics, including: visual gnosis tests 
(recognition of images, the selection of 
three subject pictures, selecting parts of 
a whole)[15], the acoustic gnosis tests 
(evaluation and perception of rhythms, 
recognition of nonspeech sounds)[6], 
and the tactile gnosis tests (tactile iden-

tification, Teuber test, Foerster test)[16]. 
The obtained results were processed by 
the authors using quantification of vari-
ous disorders of the higher mental func-
tions proposed by Zh.M. Glozman[16]. 
Thus, for the performance of the pro-
posed tasks, the subjects could get from 
zero to three points, where zero points 
were attributed for the exact execution 
of the task, and three – in case of in-
ability to perform more than half of 
the test tasks. The parametric statistical 
Student’s t-test for independent samples 
was used for mathematical calculations. 

The empirical study was organized 
and conducted on the basis of the Mos-
cow State Budgetary Healthcare In-
stitution Psychiatric Clinical Hospital 
No. 4 named after P.B. Gannushkin 
of the Moscow Department of Health. 
The subjects of the experimental group 
included 30 people who were hospital-
ized: 19 of them were the patients with 
vascular dementia (F01), and 11 – those 
with Alzheimer’s disease (F00). The av-
erage age of the subjects was 68.2 years. 
The control group consisted of 30 peo-
ple without obvious mental pathologies. 
The average age of the subjects was 65.4 
years.

Results and Discussion

Study of visual gnosis

1. Visual gnosis tests
Three tests were carried out to study 

the subject gnosis, namely recogni-
tion of realistic images; recognition 
of contour, superimposed and conflict 
images; and selection of three subject 
pictures. According to the results ob-
tained for this test, in the elderly peo-
ple from the two experimental groups, 
there were significant differences in the 
performance of tasks, which was also 
confirmed by statistical significance 
obtained using the Student’s t-test. The 
subjects from the experimental group 
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made more errors when performing 
all three tests. The greatest number 
of errors was made during the test for 
recognition of contour, superimposed 
and conflicting images (t = 6.8 with p 
≤ 0.01). The number of errors in such 
tests as recognition of realistic images 
(t = 6.2 with p ≤ 0.01) and the selection 
of three subject pictures (t = 4.3 with p 
≤ 0.01) in the elderly people from the 
experimental group was the same (1.1). 
It is worth noting that the elderly peo-
ple without obvious mental pathologies 
made the lowest number of errors, and 
they accurately passed the test for rec-
ognition of realistic images.

Thus, based on the results of the 
subject gnosis tests, it can be concluded 
that the elderly people with dementia 
are characterized by errors in the per-
ception of realistic images; pronounced 
defects in the recognition of noisy, su-
perimposed and conflicting images, as 
well as multiple errors by the type of 
fragmentary perception.

2. Simultaneous gnosis tests
To study simultaneous gnosis, two 

tests were carried out, namely the selec-
tion of parts of the whole and finishing 
drawing to the whole. Large differenc-
es are observed in the results obtained 
for the two groups, namely, the exper-
imental group values are very different 
from the obtained control group values 
(1.5 and 0.3, respectively), which is also 
confirmed by statistical significance (t 
= 5.5 with p ≤ 0.01). Such results may 
indicate the disorder in the perception 
differentiation, the process of compari-
son and the formation of a holistic im-
age – perception of the subject by the 
elderly people suffering from dementia. 

When performing the task, the el-
derly people suffering from dementia 
also often resorted to a psychologist, 
could not find the details on their own, 
made errors when finishing drawing the 
objects, thereby obtaining high scores 
and indicating the impossibility of per-

forming the task independently and 
multiple errors.

Thus, based on the results of the 
simultaneous gnosis tests, it can be 
concluded that the elderly people with 
dementia are characterized by errors in 
isolating the essential features of ob-
jects; errors of the comparison process; 
and violations of the perception of the 
holistic image of the subject. 

3. Optical-and-spacial gnosis tests
Three tests were performed to study 

optical-and-spacial gnosis, namely rec-
ognition of time on schematic clocks; 
setting hands on the clock on the mod-
el, and setting the predetermined time. 
The results obtained in three tests sug-
gest that when performing tasks, both 
the elderly people from the experimen-
tal group and those from the control 
group made errors. First of all, these 
errors indicate the quasi-3D disorders, 
as well as spatial perception disorders.

Thus, when performing a test for 
time recognition on schematic hours, 
the elderly people suffering from de-
mentia gave a lot of approximate an-
swers or found it difficult to answer at 
all (t = 6.2 with p ≤ 0.01). When per-
forming the “setting hands of the clock 
on the model” test, the painted hands 
on the clock were set as per the model 
itself (t = 6.2 with p ≤ 0.01). It should be 
noted that in the elderly people with-
out obvious mental pathologies, the re-
sponse period increased in all tests. 

Thus, according to the results of op-
tical-and-spacial gnosis tests, it can be 
concluded that the elderly people with 
dementia are characterized by a lot of 
approximate answers; and quasi-3D 
disorders.

4. Digital gnosis test
A test for recognition and naming 

of digits was carried out in order to 
study digital gnosis. The results of this 
test suggest that the elderly people with 
dementia made more errors when per-
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forming the task (0.8) than those with-
out obvious mental pathologies (0.27), 
which was also confirmed by statistical 
significance (t = 3.3 at p ≤ 0.01). 

Thus, based on the results of this 
test, it is safe to say that the digital gno-
sis in the elderly people suffering from 
dementia differs from the age norm, 
leading to errors in the assessment of 
spatially oriented digits, as well as mul-
tiple errors with incomplete correction. 

5. Letter gnosis test
A test for recognition and naming 

of letters was carried out to study letter 
gnosis. This test indicates that the el-
derly people with dementia made more 
errors when performing the task (0.93) 
than the elderly people of the age norm 
(0.47), which was also confirmed by sta-
tistical significance (t = 2.9 at p ≤ 0.01). 
It should be noted that several subjects 
from the experimental group could not 
cope with the task of naming the spa-
tially-oriented letters presented without 
drawing the experimenter’s attention. 

Thus, the results of the letter gnosis 
tests indicate that the elderly people suf-
fering from dementia are characterized 
by an increased response period, errors 
in the assessment of spatially-oriented 
letters, as well as multiple errors with-
out correction.

6. Colour gnosis test
A color-subject verbal association 

test was conducted to study color gno-
sis. The results obtained for this test in-
dicate the errors of the subjects of the 
two experimental groups (0.6 and 0.23, 
respectively). The performance of this 
task by the elderly people suffering from 
dementia is characterized by the fact 
that they most often made one mistake 
in naming the color of a rarely occurring 
concept, while the elderly people of the 
age norm named the colors of both con-
cepts – the often and rarely encountered 
ones. However, it should be noted that 
some of the elderly people of the age 

norm sometimes needed more time to 
name the color of a rarely encountered 
concept.

Thus, the results of this test do not 
allow concluding about any significant 
differences in the color gnosis between 
the two experimental groups. In this 
case, it can only be assumed that the 
verbal association between the color 
and the object can be violated both due 
to the natural aging of the body and due 
to dementia diseases.

7. Facial gnosis test
A test for the identification of por-

traits of famous people was performed 
to study facial gnosis. It is worth men-
tioning that when performing this test, 
the elderly people of the two experi-
mental groups almost did not make er-
rors; however, in the elderly people with 
dementia diseases, the response period 
was often increased (0.77 and 0.3, re-
spectively). After analyzing the results 
obtained for this test using mathemati-
cal statistics, no statistically significant 
differences were obtained. Thus, it can 
be concluded that no significant differ-
ences were observed in the facial gnosis 
of the elderly people, both with demen-
tia diseases and without obvious mental 
pathologies.

Study of acoustic gnosis

1. Nonverbal hearing tests
Four tests were carried out to study 

nonverbal hearing, namely paper rus-
tling; clinking spoon on the glass; 
sounds from audio media; and the mel-
ody of a familiar song without words. 
The results obtained for these tests in-
dicate the differences in the two experi-
mental groups, namely the values in the 
group of the elderly people suffering 
from dementia were greater in all four 
tests for nonspeech hearing than in the 
elderly people from the group without 
obvious mental pathologies. This sug-
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gests that the subjects from the exper-
imental group made more errors when 
performing tasks. At the same time, the 
most difficult tests for them were “Pa-
per rustling” (0.87) and “Sounds from 
Audio Media” (0.72), which was also 
confirmed by the statistically significant 
differences obtained (t = 3.6 with p ≤ 
0.01 and t = 3.2 with p ≤ 0.01, respec-
tively).

The smallest number of errors was 
made when recognizing the sound of 
a spoon, beating on a glass, and a fa-
miliar melody without words (0.53 and 
0.5, respectively). At the same time, the 
indicators for the elderly people from 
the control group were almost equal in 
all the tests; however, it should be not-
ed that the most difficult for them were 
the same tests as for the elderly people 
from the experimental group (“Paper 
rustling” (0.25) and “Sounds from Au-
dio Media” (0.3)). These results may 
indicate that due to natural aging, the 
auditory attention is deteriorating due 
to natural aging, resulting in the dete-
rioration of various noises and sounds 
perception.

Also, when performing these tests, 
the authors noticed the specifics of the 
tasks performed by the elderly people 
suffering from dementia, namely, they 
needed more time to listen to, they 
asked for the repeated sound represen-
tation, and there was absent-minded-
ness of auditory attention.

Thus, the results of the nonverbal 
hearing diagnostic test allow conclud-
ing that the elderly people with demen-
tia are characterized by the deteriora-
tion of auditory attention; deterioration 
in the perception of various household 
noises and sounds; weak differentiation 
of nonspeech noises; and increase in the 
response period. 

2. Auditory-motor coordination tests
Three tests were carried out to 

study the auditory-motor coordination, 
namely rhythm assessment; patterned 

execution; by verbal instructions. The 
obtained results indicate large differ-
ences in the two experimental groups 
in all auditory-motor coordination 
tests. For example, when performing 
the tasks, the elderly people from the 
experimental group had difficulties in 
understanding the instructions, and in 
the rhythm assessment test they had 
extra hits (1.47 and 0.58, respective-
ly), which was confirmed by statistical 
significance (t = 5.2 with p ≤ 0.01). In 
the patterned execution test, the sub-
jects of this group showed insufficiency, 
slowness and perseveration of hits (1.7 
and 0.47, respectively), which was also 
confirmed by statistical significance (t = 
7.2 with p ≤ 0.01). Finally, in the “By 
verbal instructions” tests, the elderly 
people with dementia quickly forgot 
the rhythmic structure just presented to 
them and made numerous requests to 
repeat the rhythmic series pattern (1.5 
and 0.53, respectively). These errors may 
indicate the auditory arrhythmias. It is 
worth noting that the number of errors 
made in the group of the elderly people 
with dementia has statistically signifi-
cant differences with the group of the 
elderly people without obvious mental 
pathologies (t = 6.1 with p ≤ 0.01). 

Thus, the results of this diagnostic 
test allow to conclude that the elderly 
people with dementia are characterized 
by rhythm perception disorders; repro-
duction errors: extra hits, lack of hits, 
slowness, perseveration; fast forgetting 
of the rhythmic structure just present-
ed; and numerous requests to repeat the 
rhythmic series pattern.

Study of tactile gnosis

1. Skin-kinesthetic gnosis test
A tactile identification test was con-

ducted to study skin-kinesthetic gnosis. 
The results obtained in this test suggest 
that the elderly people with dementia 
made more errors during the perfor-
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mance of the task (1) than those without 
obvious mental pathologies (0.53). This 
is confirmed by statistical significance (t 
= 2.8 with p ≤ 0.01). 

It is worth paying attention to the 
implementation of this task by subjects 
from the experimental group. For exam-
ple, the elderly people from this group 
had difficulties in identifying an object 
while feeling it, they needed more time, 
and they named significant features and 
properties of objects, but could not un-
derstand what kind of object it was. It 
should also be noted that the subjects 
from the control group quickly and with 
interest initiated the task and performed 
it with ease, although sometimes they 
also needed additional time when feel-
ing the objects.

Thus, according to the results of the 
skin-kinesthetic gnosis test, it can be 
concluded that the elderly people with 
dementia are characterized by difficul-
ties in recognizing objects by skin-kin-
esthetic sensation; a fault in the analysis 
of the actively examined subject; and an 
increased response time.

2. Somato-spatial gnosis tests
Two tests were performed to study 

somato-spatial gnosis, namely showing 
the subjects indicated by the psycholo-
gist with right (and left) hand; naming 
the fingers of one’s own hand, the hand 
of a psychologist, and a hand drawn. 
The results of this test indicate that 
the elderly people with dementia made 
more errors when performing two tests 
(0.8 and 0.83, respectively) than those 
without obvious mental pathologies 
(0.53 in each test). Also, when perform-
ing this task, sometimes there were dif-
ficulties in understanding the right and 
left-sided spatial relationships in the 
group of the elderly people with de-
mentia, which may indicate the spacial 
orientation disorders, as well as a disor-
der in determining various parameters 
of space. However, despite this, there 
were no statistically significant differ-

ences in the two groups, and therefore 
it can be concluded that difficulties in 
understanding right and left-sided spa-
tial relationships can arise both from 
natural aging and due to dementia.

3. Somatosensory gnosis tests
Two tests were performed to study 

somatosensory gnosis, namely Teuber 
test and Foerster test. 

When performing these tests, the el-
derly people with dementia made many 
mistakes. Thus, in the Foerster test, in 
which the simple shapes, letters or num-
bers are drawn on the subject hand, and 
his/her task is to identify and name them, 
the elderly people with dementia made 
more errors in the answers than those in 
the control group (1.13 and 63, respec-
tively), which was confirmed by statisti-
cal significance (t = 3.6 with p ≤ 0.01). 
Approximately the same situation was 
observed in the Teuber’s test, in which 
the test subject’s hand was touched first, 
then the other and both hands, and af-
ter each touch, the subject must answer 
which particular hand the experimenter 
touched. In this test, the elderly people 
with dementia made more errors when 
localizing the touch than subjects from 
the control group (1.07 and 0.67, respec-
tively). The elderly people from the ex-
perimental group often made requests for 
a repeated presentation of stimuli, they 
made errors when recognizing one of the 
touches when the experimenter touched 
their hands, and sometimes they needed 
more time to recognize them. Such errors 
indicate a somatosensory sensitivity dis-
order and ignoring of tactile sensations. 
It should be noted that the elderly with-
out obvious mental disorders coped with 
the task almost unmistakably, sometimes 
only resorting to the use of extra time. 
Finally, after analyzing the test data ob-
tained by mathematical statistics – the 
Student’s t-test – the conclusion was 
made that the experimental groups had 
statistically significant differences (t = 2.7 
with p ≤ 0.01). 
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Thus, it can be concluded that the 
elderly people with dementia are char-
acterized by errors in recognizing one 
of the touches; errors in localizing the 
touch, as well as an increase in the re-
sponse period.

4. Somatognosis tests
A body scheme was made to study 

somatognosis. When conducting this 
test, the elderly people with dementia 
diseases also made more errors when 
performing tasks (1.03) than those 
without obvious mental pathologies 
(0.53, respectively). Thus, for example, 
in carrying out a task, the elderly peo-
ple suffering from dementia sometimes 
had difficulty in displaying body parts 
at the request of a psychologist, tak-
ing into account lateral characteristics. 
This may indicate a violation of the 
body scheme preservation, an impaired 
understanding of the right and left in 
spatial relationships. When perform-
ing these tasks, sometimes only the 
response period was increased in the 
elderly people without obvious mental 
pathologies. Differences in the per-
formance of tasks of the somatognosis 
test in the groups of subjects were also 
confirmed by statistical significance (t 
= 3.3 with p ≤ 0.01). 

Thus, based on the results of this di-
agnostic test, it can be concluded that 
the elderly people with dementia are 
characterized by difficulties in showing 
body parts taking into account lateral 
characteristics, as well as an impaired 
understanding of the right and left in 
spatial relationships.

Conclusion

The results of the study have shown 
that the elderly people suffering from 
dementia have serious gnostic func-
tion disorders, which is most clearly 
seen when compared with the elderly 
people without mental pathologies. 

For example, the elderly people suffer-
ing from dementia have difficulties in 
recognizing objects, in orientation in 
place and in time, are characterized by 
slow mental activity, as well as poor au-
ditory attention. As compared with the 
elderly people of the age norm, peo-
ple with dementia made more errors 
during the test, which also indicated 
a different degree of the gnostic sphere 
preservation. 

Based on the study results, the rec-
ommendations have been developed 
for the preservation and improvement 
of the existing gnostic functions’ dis-
orders in the elderly people suffering 
from dementia. The recommendations 
are comprehensive and are aimed 
both at correcting gnostic functions 
that prevent the comfortable flow of 
sentility, and include measures aimed 
at preventing disorders of gnostic 
functions development in the elder-
ly people. Preventive and remedial 
work includes a diagnostic phase, the 
purpose of which is to identify abnor-
malities in the functioning of gnostic 
functions in the elderly people. The 
preventive process presupposes the 
existence of a preventive program, 
the content of which includes three 
components, namely the education-
al, social and cognitive ones. In this 
case, the content of the education-
al component is to inform about the 
consequences that may further affect 
the person’s life. The social compo-
nent contains help in adapting to the 
living conditions of the world, orien-
tation in space, and mastering new 
skills. Cognitive training is aimed at 
maintaining the cognitive skills of the 
elderly people to maximize the peri-
od of social adaptive functioning. In 
addition, recommendations have been 
separately developed for health work-
ers, whose professional activities are 
directly related to the elderly people 
with dementia, as well as for relatives 
and the persons closest to them.
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Abstract

The prescription composition of the biolog-
ically active dietary supplement (BADS) 
Oleopren Neuro has been scientifically 
substantiated through the pharmacological 
evaluation of the effective agents, polypre-
nols being the main of them. The technology 
of an innovative product has been devel-
oped, with the establishment of adjustable 
production parameters securing high or-
ganoleptic advantages and stability of the 
BADS.

Regulated indicators of quality and 
nutritional value have been determined. 
Sanitary toxicological and hygienic safety 
indicators of the product under develop-
ment had been studied, which allowed to 
establish a shelf life of two years taking the 
safety margin of three months into account. 
The possible mechanisms of the dolichols ef-
fect on the metabolic status of the organism 
were considered.

Clinical trials of the efficiency and 
functional focus of a specialized product 
on a representative group of patients with 
the dyscirculatory encephalopathy (DE) of 
vascular genesis stages I – II were conduct-
ed. The BADS were included in the diet of 
patients, along with the basic therapy, one 
capsule twice a day for 10 days.

The materials obtained in this article 
allow to recommend the developed prod-
uct as an efficient means of increasing the 
body’s resistance to adverse effects of the en-
vironment, stressful situations, as well as 
psychoemotional and physical stress.

Keywords: BADS, prescription com-
position, production technology, regulated 
indicators, efficiency, functional focus.

Introduction

Specialized products, including the 
BADS, are increasingly used in the pre-
vention and comprehensive treatment of 
common diseases [1-7]. Chronic cere-
brovascular insufficiency accompanied 
by headache, noise and dizziness, mem-
ory impairment, fatigue, and decreased 
performance is one of these pathologies 
[8-14].

The concept of DE, which is the 
most common neurological disorder 
and determines the relevance of diag-
nosis and prevention of the pathology 
under consideration, is widely used for 
the clinical description of brain func-
tion disorders resulting from vascular 
disorders [8, 16].

In most economically developed 
countries, including Russia, there is an 
increase in cerebrovascular disorders re-
sulting from the above pathologies. Ac-
cording to the WHO, mortality from 
vascular diseases of the brain is 30 – 50 
% of all diseases of the circulatory sys-
tem, or about 14 % of the total mortality 
of the population, which substantiates 
the relevance of the problem and the 
need to take appropriate measures to 
solve it.

Objects and methods

Prescription components, experimental 
and industrial samples of a specialized 
product were used as objects.

Sixty patients with the DE of vas-
cular genesis stages I – II took part in 
clinical trials. The DE diagnosis was set 
by a neurologist after an in-depth ex-
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amination of patients based on anam-
nesis and physical examination results 
using laboratory and instrumental re-
search methods, as well as psycholog-
ical testing results for diagnosing the 
degree of cognitive impairment and 
assessing the living standards over the 
course of treatment. 30 patients with 
the DE stages I – II, along with com-
prehensive classical treatment (statins, 
antihypertensives, vascular, nootropic 
drugs), received the Oleopren Neu-
ro BADS one capsule twice a day for 
30 days (Group DE – ON). 30 people 
with similar pathology who did not re-
ceive the specialized product made up 
a reference group (control group). The 
difference between the reference pa-
rameters was considered statistically 
different at p ≤ 0.05. The field studies 
were carried out in accordance with the 
principles of the World Medical As-
sociation Declaration of Helsinki (as 
amended in 2000 with the explanations 
given at the WMA General Assembly, 
Tokyo, 2004), the rules of the Interna-
tional Conference on Harmonization 
Good Clinical Practice (ICH GCP), 
ethical principles set forth in Europe-
an Union Directive 2001/20/EU, and 
the requirements of the national Rus-
sian legislation. Each patient signed an 
Informed Consent to participate in the 
research. The tests were carried out at 
the Central Research Laboratory of the 
Kemerovo State Medical Academy and 
the campus of the city clinical hospital 
No. 2.

The average age of patients was 
59.3 ± 6.8 years. The initial condition 
of patients with DE of vascular genesis 
stages I – II was analyzed according to 
an objective examination based on the 
registration of subjective complaints 
and neurological status.

General and special methods of re-
searching the quality, safety and effica-
cy of BADS are used according to the 
requirements of regulatory documents 
[11]. An updated and approved grav-

imetric method for determining the 
content of acetone-insoluble substanc-
es (phospholipids) used to identify the 
products under development is provided 
below [15].

The method is based on dispersing 
the analyzed lecithins in acetone at 
a temperature 0°C, then filtering the 
solution, separating the residue and 
drying it at a temperature of (105 ± 
2)0C, followed by weighing. The con-
tent of substances insoluble in acetone 
is an indicator of the content of polar 
lipids in lecithin.

Conducting a test. The filter is dried in 
a drying cabinet for one hour at a tem-
perature of (105 ± 2)0C, cooled in the ex-
siccator for 30 – 40 minutes and weighed. 
The result is recorded with an accuracy 
of up to 0.001 g. Subsequent weighing is 
carried out every 30 minutes after dry-
ing until reaching constant weight. The 
weight is considered constant if the dif-
ference between the subsequent weigh-
ings does not exceed 0.002 g.

It is allowed to dry the filter to con-
stant weight using the express method 
with the moisture analyzers HB43-S or 
Elvis-2, in accordance with the manuals 
attached to devices.

A lecithin sample is thoroughly 
mixed. A 100 cm3 glass is weighed to-
gether with a glass rod, and the result 
of weighing is recorded with an accu-
racy of 0.001 g. 2.000 – 5.000 g of the 
preparation (depending on the analyzed 
substance) are placed in a previously 
weighed glass with a glass rod, 40 cm3 
of acetone are added, mixed and heat-
ed, without allowing to boil, and then 
cooled.

Then 30 cm3 of acetone are added, 
cooled to 00C, and shaken with a glass 
rod for two minutes, leaving the glass in 
an ice bath for 5 – 10 minutes.

After this, the solution is filtered 
using a pre-dried and weighted filter, a 
glass with a rod and the filter residue is 
washed with 20 – 40 cm3 of cooled ac-
etone, if necessary, until the thickened 
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sample is completely transformed into a 
fine powder and completely transferred 
to the filter. After that, the filter with 
the residue is dried in a drying cabinet 
or on an Elvis-2 (HB43-S) moisture an-
alyzer at (105 ± 2)0C to constant weight. 
At the same time, the glass with a rod 
and the remaining residue is dried in an 
exsiccator and weighed. The result is re-
corded with an accuracy of 0.001 g.

The mass fraction of acetone-insolu-
ble substances (X, %) is found using the 
following formula:

         (1)

where m is the sample weight, g;
m1 is the weight of the filter with res-

idue net of the filter weight, g; and
m2 is the weight of the glass with a 

rod and residue net of the weight of the 
glass with a rod, g.

The final result of the determination 
is found as the arithmetic average of the 
results of two parallel determinations.

Calculations are made, and the re-
sult is recorded to the second decimal 
place. The final result is rounded to the 
first decimal place.

Determination of polyprenols using 
the HPLC method.

The idea of the method lies with the 
polyprenols extraction from the ana-
lyzed object into the solution and sub-
sequent determination by high perfor-
mance liquid chromatography (HPLC).

Test solution. The exact weighed sam-
ple of the analyzed BADS (an amount 
equivalent to 5 – 10 mg of polyprenols) 
is put into a 50 ml volumetric flask, 5 
ml of 0.1M HCl are added and placed 
in a boiling water bath for 15 minutes. 
Then the flask is cooled, 5 ml of metha-
nol and 20 ml of hexane are added and 
shaken on a vortex shaker for one min-
ute. The contents of the flask are placed 
in a separatory funnel, the lower phase 
is drained and discarded, and the upper 
phase is put into a measuring cylinder. 
The volume of the solution is recorded. 

The solution is filtered through a Blue 
ribbon filter.

Standard solution. The substance of 
polyprenols with known content is used 
as a standard.

30 mg (exact sample) of a standard 
sample of polyprenols are put into a 50 ml 
volumetric flask, dissolved in hexane, and 
brought with it to the mark. The solution 
is filtered through a Blue ribbon filter.

Preparation of the mobile phase. A 
mixture of hexane and isopropyl alco-
hol is 99:1. The mixture of solutions is 
degassed and filtered through the 0.45 
µm filter.

Chromatographic conditions: Devic-
es are any suitable for HPLC; Bolster 
with length 250 mm, internal diameter 
4.0 mm, stationary phase GL EXSIL 
AMINO, 5 microns (or similar); Elu-
ent feed rate 1.0 ml/min; Bolster tem-
perature 30C0; Sample volume 20 μl; 
Detector UV, 220 nm; Chromatogram 
recording time – 8 minutes.

Analysis and calculation. After the 
system suitability is tested, equal vol-
umes (20 μl) of the standard and test 
solutions are injected alternately into 
the chromatograph, and chromato-
grams are recorded. The peak areas of 
polyprenols in the standard and test 
sample are identified and measured.

The contents of polyprenols are 
found using the following formula:

where So is the sample peak area, Sst 
is the standard peak area, Cst is the stan-
dard solution concentration (mg/ml), m 
is the sample weight (mg), and Vo is the 
sample solution volume (ml).

Method of mathematical 
processing of research 
results

It includes the calculation of the fol-
lowing statistical values:



L A  P R E N S A  M É D I C A  A R G E N T I N A
B
i
o
l
o
g
i
c
a
l
l
y
 
A
c
t
i
v
e
 
D
i
e
t
a
r
y
 
S
u
p
p
l
e
m
e
n
t
 
f
o
r
 
C
o
r
r
e
c
t
i
o
n
 
o
f
 
E
x
c
h
a
n
g
e
 
D
i
s
o
r
d
e
r
s
 
i
n
 
N
e
r
v
o
u
s
 
S
y
s
t
e
m
 
D
i
s
e
a
s
e
s

217

V.105/Nº4

•	 arithmetic mean X–;
•	 standard deviation of a single  

result 2ss = ;
standard deviation of the arithmetic 

mean or arithmetic error of all rep-
lications x ;

•	 accuracy of arithmetic mean t ;
•	 confidential error of the measured 

value assessment ξ .
Besides, when a researcher studies 

the influence of any factors on the tech-
nological process parameter, it is also 
required to establish a correlation and 
functional relationship between them.

T he  above  s t at i s t ic a l  v a l-
ues are found using formulas (7.8, 
9,10,11,12,14,15,16).

Arithmetic mean X
–
 is defined as fol-

lows:
.   (3) 

where xi is the value of a single 
measurement;
n is the number of repeated 
measurements.

Standard deviation s is defined as 
follows:

.  (4)
where σ 2 is the deviation equal to

.   (5)

hence

.  (6) 

The σ  value is always positive. The 
greater its value is, the greater the vari-
ability of the property of the object un-
der study is. The value σ  is expressed in 
the same units of measure as the arith-
metic mean.

The value σ  is found with an accu-
racy of one decimal place greater than 
the accuracy adopted in relation to the 
arithmetic mean.

 
Standard deviation or arithmetic 

mean error X is determined as follows

. if n > 30    (7)

. if < 30   (8)

Standard deviation (arithmetic mean 
error) is a named value and is expressed 
in the same way as the arithmetic mean 
it is found for. The mean value and its 
error are usually noted as X– ± x.

The smaller the error value of the 
arithmetic mean is, therefore, the 
smaller is the difference between the 
parameter values ​​in the sample and the 
general population.

The arithmetic mean error can be 
expressed in relative terms – as a per-
centage (%). In this case, it is called the 
measure of the arithmetic mean accura-
cy (m) and is found using formula

   (9)

The smaller is the value Dm, the more 
reliable is the arithmetic mean of the 
measured indicator value.

The confidence interval is of great 
importance in assessing the accuracy 
of the conducted research. Studies are 
considered reliable if the experiment 
results do not exceed the limits of the confi-
dence interval.

This interval shows the extent to 
which the exact value of the studied 
indicator varies in comparison with the 
general mean, i.e., the true values of the 
desired value X lie within (X– ± ξ).

 ,   (10)

where X– is the arithmetic mean; 
ξ is the confidential error; and
X is the general average value.
These values are found after only 

reliable results remain in the series of 
experiments.

The true value of the measured value 
with a given confidence level (P) must 
lie within the confidence interval X– ± ξ.
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The Student’s t-test is used (P; f ) to 
determine the confidence error (ξ ) of 
the result:

ξ  = t(P; f ) . x   (11)

Criterion t (P; f ) is taken from ap-
plication /14/ depending on the given 
confidence probability (P) or signifi-
cance level q (q=1-P) and the number of 
degrees of freedom f.

The rule of thumb can be used to se-
lect the confidence probability (P):

P = 0.99 in especially important cas-
es;

P = 0.95 in processing analytical da-
ta;

P = 0.9 in processing data of a tech-
nological experiment; and

P = 0.8 in processing data of a bio-
logical experiment.

Results and discussion

A description of the effective agents of 
the initial raw materials determining 
the functional focus of the product un-
der development is given to substantiate 
the prescription composition.

Polyprenols are a set of biologically 
active compounds secreted from conif-
erous trees. Structurally similar to dol-
ichol, polyprenols replace its deficiency 
with dysfunction of the dolicholphos-
phate cycle, which occurs when many 
pathological states associated with dis-
ruption of cell membranes emerge and 
develop.

Polyprenols participate in regenera-
tion of damaged cell membranes of the 
liver, secure glycosylation reactions in 
the dolicholphosphate cycle during the 
synthesis of glycoproteins; control their 
biosynthesis, maintaining the immune 
status of the cell and delivery of immu-
noglobulins, ensure the induction of 
interferons, generation of neutrophils, 
and activation of macrophages of the 
reticuloendothelial system; regulate the 

reduction of cholesterol through activa-
tion of dolichol delivery from the en-
doplasmic reticulum to lysosomes; in-
fluence the absorption of peroxide lipids 
formed in the membrane, improve cell 
energy metabolism, and participate in 
the oxidative phosphorylation and ac-
tivation of mitochondrial function [11-
14; 16-23].

Phosphatidylserine (Memree Plus 30L/ 
MemreePlus). A mixture of soybean 
phosphatidylserine and phosphatid-
ic acid is used to strengthen cognitive 
health, reduce stress, and improve the 
efficiency of recovery processes.

Phosphatidylserine is a special type 
of phospholipids. In turn, phospholipids 
are the main components of cell mem-
branes that enable cells to retain their 
structure. They also serve as surfactants 
controlling various biological processes 
that occur on the water-air surfaces of 
lungs and intestines. Phospholipids can 
interact with enzymes, producing hor-
mones or neurotransmitters.

Phosphatidylserine is found in all 
cell membranes; its high concentrations 
are also detected in brain cells.

The level of phosphatidylserine in 
the brain cells decreases with age. Phos-
phatidylserine is found in dairy products 
and meat byproducts. However, these 
sources are insufficient to satisfy the 
need for this micronutrient, especially 
for the elderly and senile people. Intake 
of an additional amount of phosphati-
dylserine helps restore its level in brain 
cells and secure appropriate metabolic 
processes.

Glycine has a sedative, mild tran-
quilizing (anti-anxiety) and anti-de-
pressant effect. It reduces anxiety, fear, 
psychoemotional stress, manifestation 
of alcohol withdrawal, increases mental 
performance, sharpens attention, and 
improves memory and associative pro-
cesses. This essential amino acid helps 
improve mood, normalize sleep, sur-
vive stress, avoid its aftereffect “blows” 
(it maintains normal blood pressure 
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levels), and protect against toxic effects 
of psychotropic drugs. Glycine helps re-
duce vegetative-vascular disorders (in-
cluding during menopause) and severity 
of cerebral disorders in ischemic stroke 
and traumatic brain injury.

Glycine belongs to the drugs that 
improve metabolic processes in the 
brain. It is part of many biologically 
active substances, including proteins in 
human tissues. Glycine is a neurotrans-
mitter involved in the transmission of 
information along nerve fibers. Glycine 
receptors are found in many parts of the 
brain and spinal cord, they inhibit the 
release of neurotransmitters from neu-
rons that transmit stimulating impulses 
to the central nervous system.

Tocopherol acetate (Vitamin E) is a 
fat-soluble vitamin. Its main functions 
are associated with oxidative processes. 
As an antioxidant, it inhibits the de-
velopment of free radical reactions and 

prevents the formation of peroxides that 
damage cellular and subcellular mem-
branes, which is important for the nor-
mal operation of the nervous and mus-
cular systems and the body as a whole. 
In combination with selenium, it pre-
vents the oxidation of unsaturated fatty 
acids (a component of the microsomal 
electron transport system), and prevents 
red blood cell hemolysis. It is a cofactor 
of enzyme systems that hold key posi-
tions in the metabolism, including the 
childbearing function.

The obtained materials allowed to 
develop a qualitative and quantitative 
composition of the formulation of the 
product under development (Table 1).

The research was conducted to deter-
mine the regulated indicators of quality 
and nutritional value. For this purpose, 
an organoleptic assessment was given, 
and safety criteria and nutritional val-
ue during production and storage were 

Table 1. Prescription of Oleopren Neuro BADS

# Component
Content,

mg/1 capsule
not less than

Content,
mg/2 capsules
not less than

 % RDI in 2 
capsules*

1

Memree Plus-30L (14.5 %PS, 14.5 % PA)
Phosphatidylserine
Phosphatidic acid
Acetone-insoluble substances

50
7.25
7.25
27.5

100
14.5
14.5
55

N/a

2 Glycine 50 100

3
Polyprenols mixture 75 %
Amount of polyprenols

6.7
5

13.4
10

100

4
Tocopherol acetate 98 %
Tocopherol acetate

3.83
3.75

7.65
7.5

50

Filler
1 Sunflower oil refined 476.87
2 Aerosil (carrier) 12
3 Grindox (antioxidant) 0.6

Total weight of the capsule contents 600
Gelcaps

1 Gelatin (carrier) 113.54
2 Glycerin (moisture-holding agent) 47.5
3 Sorbitol (moisture-holding agent) 28.5
4 Copper complex chlorophyllin (coloring agent) 0.23
5 Titanium dioxide (coloring agent) 0.23

Total weight of gelcaps 190
Capsule weight 790

*RDI – recommended daily intake level according to the EurAsEC standard (introduced by the Resolution 
of the Commission of the Customs Union No. 622dated 07.04.2014).
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studied. Oleopren Neuro BADS was 
stored in a dry, dark place at a tem-
perature not higher than 25 ºC, for 27 
months. Safety indicators included the 
determination of pathogenic microor-
ganisms, including Salmonella, toxic 
elements: lead, arsenic, cadmium, mer-
cury, iron, copper, pesticides; HCCH 
(sum of isomers), DDT and its metab-
olites, heptachlor, aldrin, according to 
the requirements of TR TC 021/2011 
“On safety of food products” (BADS 
based on vegetable oils, animal and 
vegetable lipids). The specified group of 
microorganisms was not found in ten 
grams of the product. No changes were 
noted that described other safety indi-
cators upon expiration of the specified 
storage period. The results obtained al-
lowed to establish a regulated shelf life: 
two years under the above conditions.

The established nutritional values ​​
of a specialized product describe its 
functional focus, which is confirmed 
in field tests on a representative group 
of patients with DE of vascular gen-
esis stages I – II. Based on the results 
of clinical studies, the BAD is recom-
mended for the prevention and compre-
hensive treatment of the nervous system 
disorders, as well as under adverse en-
vironmental effects, physical inactivity, 
increased psychoemotional stress, and 
stressful situations.

Organoleptic characteristics and 
nutritional value of the test product are 
presented in Table 2.

The following areas of polyprenols 
influence on the correction of metabolic 
disorders can be suggested, based on the 
biological role of dolichols:
–	 participation in the processes of 

the liver damaged cell membranes 
regeneration, ensuring the glyco-
sylation reaction in the dolicolphos-
phate cycle during the glycoprotein 
synthesis;

–	 maintenance of the cell immune sta-
tus, delivery of immunoglobulins, 
participation in the interferons in-

duction, generation of neutrophils, 
and activation of macrophages of 
the reticuloendothelial system;

–	 decrease in cholesterol level through 
activation of dolichol delivery from 
the endoplasmic reticulum to lyso-
somes; and

–	 absorption of peroxide lipids formed 
in the membrane, improvement of 
the cell energy metabolism, partici-
pation in oxidative phosphorylation, 
and activation of mitochondrial 
function.
The technological process includes 

the following main stages (Figure 1):
Preparation of raw materials. Glycine 

is first grinded in a hammer mill MM10 
and sifted through a SGS-30 vibrating 
screen with a mesh size of 0.4 mm;

Preparation of the mixture for encap-
sulation. The components of the formu-
lation are metered into the reactor-ho-
mogenizer in a specific order: refined 
sunflower oil; antioxidant Grindox 109; 
Memree Plus-30h; polyprenols 75 % 
mixture; tocopherol acetate 98 %; aero-
sil (stirred and homogenized); glycine 
(mix and homogenize).

Table 2. Regulated quality indicators of 
Oleopren Neuro BADS.

Indicator Description

Appearance soft gelatin capsules

Capsule color
yellow to orange, residue 

inside the capsule is allowed

Taste and smell of the 
capsule contents

specific

Average capsule weight, 
mg

790 (711 – 869)

Vitamin E content in one 
capsule, mg

3.75 (2.6 – 4.9)

Polyprenols content in one 
capsule, mg, not less than

5.0

Content of acetone soluble 
substances (phosphatidyl 
serine and phosphatidic 
acid) in one capsule, mg, 
not less than

14.5

The compliance of the name, quan-
tity and series of raw materials with a 
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technological card is checked. There 
should be no lumps and foreign matter. 
The shelf life of the mixture is no more 
than 24 hours in a dark place in a con-
tainer filled to the top;

Preparation of gelatin solution. The 
parameters are set in the Melter MGP 
mixer software: water temperature is 
850C; amount of purified water is ac-
cording to the boot map; stirrer speed is 
35 rpm. The weighted components are 
loaded in the following sequence: puri-
fied water, glycerin, gelatin.

Auxiliary components – preserva-
tives and pigments – are added last. 
Preparation time is 2.5 hours per 210 
kg of ready-made gelatin solution. Up-
on the completion of the gelatiniza-
tion process, the solution is discharged 
through a filter (pore size – 0.2 mm) in-
to a storage tank, settled for four hours 
at a temperature of 600 C, and fed to the 
capsule manufacturing site. The shelf 
life of ready-made gelatin is not more 
than 24 hours;

Encapsulation and drying. Soft gel-
atin capsules are made from a gelatin 
solution and encapsulation mixture in 
the SGM1010 capsule machine. Cap-
sules are dried for 30 – 60 hours in dry-
ing tunnels until the weight of the cap-
sules stops falling;

Evaluation of the intermediate product 
appearance. It is evaluated visually, an 
average sample is taken and transferred 
to the production laboratory for testing 
for compliance with the withered re-
quirements of technical documentation. 
The container is marked with a label in-
dicating the name of the intermediate 
product, quality, batch number, date of 
manufacture, and the operator’s signa-
ture;

Packaging. It is evaluated in accor-
dance with the technical documenta-
tion for the product. Samples of the fin-
ished products (3 packs) are transferred 
to a collection of arbitration samples.

All stages of the technological pro-
cess are recorded in the route sheet.

The sparing technological parame-
ters of production are defined, provid-
ing high consumer properties and sta-
bility of biologically active components 
of the formulation.

Based on the results of microbiolog-
ical, sanitary hygienic and sanitary tox-
icological tests, the hygienic well-being 
of the product is demonstrated after two 
months of storage at 250C in a package, 
in a dry and dark place, which has al-
lowed to determine shelf life of two 
years under the above conditions.

The influence of the developed prod-
uct on the correction of metabolic pro-
cesses in the DE was studied to prove 
the efficiency and functional focus.

As a result of treating patients, pos-
itive dynamics of both an objective and 
a subjective state have been demonstrat-
ed in both groups. A good tolerability 
of the BADS has been noted, no side 
effects on the part of the internal or-
gans, as well as on the nervous, cardio-
vascular systems, and skin integuments 
have been observed. A combination of a 
specialized product with drugs used to 
treat DE has been tolerated well.

The clear positive dynamics of clin-
ical manifestations of the disease have 
been established. The overwhelming 
majority (95 %) improved their gener-
al condition, processes of memorizing 
and reproducing what they read, all pa-
tients had less headache, the initiative 
was activated, 90 % had increased at-
tention and concentration, a decrease in 
emotional volitional disorders was reg-
istered. At the same time, the best in-
dicators have been noted in Group DE 
– ON. However, the difference has not 
been statistically significant (Table 3).

As a result of the research carried out 
using the Nottingham health profile, 
the positive dynamics of the following 
living standards have been obtained: 
energy, pain, emotional state, sleep, so-
cial isolation, and physical activity. The 
living standards during treatment are 
statistically significantly lower in the 
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control group in terms of energy, pain, 
emotional state, physical activity and 
total points. Better results are shown 
in the patients taking Oleopren Neuro 
BADS (Table 4).

The memory, voluntary attention, 
and exhaustion of patients over the 
course of treatment were evaluated us-
ing the method of learning ten words 
(by A.R. Luria). Low levels of memory 
and the absence of a persistent increase 
in the number of correctly reproduced 
words were observed in patients with 
DE prior to its treatment. The memo-
rization curve was described by a zig-
zag shape, which indicated the insta-
bility and high exhaustion of mnestic 
processes. The volume of short-term 
memory in patients increased signifi-
cantly at the very first presentation of 
the stimulating material (P < 0.05) after 
the treatment using a nutritional factor. 
The number of correctly reproduced 
words increased with each subsequent 
presentation; most patients could cor-
rectly reproduce all ten words after the 
third-fourth repetition. The memoriza-

tion curve after the end of the tests was 
described by a gradual rise, which tes-
tified to the sustainability of attention 
and the absence of the effect of deple-
tion of mental functions. At the same 
time, these functions improved some-
what earlier in Group DE – ON than 
in the control group.

Low levels of concentration and its 
rapid exhaustion were recorded prior to 
the treatment of patients with DE, i.e., 
there was a trend to an increase in the 
time spent by patients on completing 
the task in each of the following tables. 
There was a positive change in the con-
centration of attention after the treat-
ment, the average task completion time 
was significantly reduced from 61.1 
sec before treatment to 43.5 sec in the 
control group, and 40.6 sec in Group 
DE – ON by the end of therapy (P < 
0.05). Attention was described by sta-
bility, there were no sharp fluctuations 
in the level of concentration during the 
task completion. As such, the results of 
an experimentally conducted psycho-
logical study demonstrate a significant 

Table 3. Dynamics of clinical symptoms in 
patients with DE stages I – II in Group DE 
– ON and the control group after treatment

Clinical manifestations

Control 
group 

No.=30 
(100 %)

Group 
DE – ON
No.=30 
(100 %)

Improved general health 
and well-being

30 30 

Headache reduction and 
regression

30 30 

Improved process 
of memorizing and 
reproducing what they 
read

28 (93 %) 30 

Intensified initiative 27 (90 %) 30 
Increased attention and 
concentration

30 30 

Decrease in emotional 
volitional disorders

28 (93 %) 30 

Improved muscle tone 27 (90 %) 30 
Reduction of 
hypertension syndrome

28 (93 %) 30 

Positive dynamics on EEG 29 (97 %) 30 
Positive dynamics on REG 29 (97 %) 30 

Table 4. Living standards for the patients 
with DE stages I – II in group DE – ON over 
time against the control group

Indicator

Before 
treatment, 

points 
No.=60

After 30 days, points

Control 
group

No.=30

Group DE 
– ON

No.=30

Energy 62.3 ± 0.7 47.4 ± 0.5 33.1 ± 0.6*

Pain 98.4 ± 1.9 69.2 ± 0.7 51.3 ± 0.9*

Emotional 
condition

52.1 ± 1.1 42.1 ± 1.2 31.5 ± 1.2*

Sleep 73.2 ± 1.3 53.7 ± 0.9 44.7 ± 0.8*

Social 
isolation

43.2 ± 1.1 31.4 ± 1.1 26.2 ± 0.9*

Physical 
activity

72.6 ± 0.9 45.8 ± 1.0 37.4 ± 0.8*

Total 401.8 ± 4.1 289.9 ± 3.7
224.4 ± 
3.7*

Note: * – differences are significant compared 
with the results before treatment at P < 0.05
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improvement in cognitive functions – in 
particular, memory and attention in pa-
tients with DE.

A conclusion has been made that the 
use of Oleopren Neuro BADS, when 
added to the comprehensive classical 
therapy, increases the efficiency of treat-
ing DE of vascular genesis stages I – II.

It has been demonstrated that the 
disturbance of many metabolic pro-
cesses, the occurrence and development 
of pathological states, including those 
with the disorders under consideration, 
are associated with impaired cell mem-
branes and lead to dysfunction of the 
dolicholphosphate cycle, which, in turn, 
increases the output of dolichol from 
the body, causing it deficiency. In this 
case, polyprenols that are structurally 
similar to dolichol replace its deficiency, 
securing normalization of metabolism 
[16 – 28].

The following main mechanisms of 
polyprenols effect on the correction of 
metabolic disorders can be suggested 
based on the biological role of dolichols:

– membrane protective: participa-
tion in the processes of the damaged 
liver cell membranes regeneration, se-
curing the glycosylation reaction in the 
dolicholphosphate cycle during the syn-
thesis of glycoproteins;

– immunomodulatory: participation 
in the biosynthesis of glycoproteins, 
maintaining the immune status of the 
cell, delivery of immunoglobulins, par-
ticipation in the interferons induction, 
generation of neutrophils, and activa-
tion of macrophages of the reticuloen-
dothelial system;

 – hypolipidemic: decrease in choles-
terol level through activation of dolichol 
delivery from the endoplasmic reticu-
lum to lysosomes; and

 – antioxidant: absorption of peroxide 
lipids formed in the membrane, improve-
ment of cell energy metabolism, partici-
pation in oxidative phosphorylation, and 
activation of mitochondrial function.

Advantages of the developed prod-
uct based on polyprenols are as follows:

• High safety and no side effects;
• Possibility of long-term use, in-

cluding for the elderly people; and
• Optimum dosages of active ingre-

dients, high efficiency due to their syn-
ergism.

Conclusion

Comprehensive treatment of patients 
with DE of vascular genesis stages I – II 
using Oleopren Neuro BADS favorably 
influences the clinical manifestations of 
the disease.

Improvement in health and mood, 
and therefore in the living standards, 
is observed during the use of Oleopren 
Neuro BADS in the comprehensive 
treatment of patients with DE of vas-
cular genesis stages I – II.

Inclusion of Oleopren Neuro BADS 
in the comprehensive treatment of 
patients with DE of vascular genesis 
stages I – II contributes to the positive 
dynamics of cephalogic and vestibular 
syndromes, as well as to improving the 
cognitive functions of patients. 

Specialized product Oleopren Neu-
ro BADS is tolerated well by patients 
and does not cause any side effects.

Recommendations for use are as 
follows: one capsule twice a day for 30 
days for the prevention and comprehen-
sive treatment of DE of vascular genesis 
stages I – II, as well as against adverse 
environmental effects, physical inactiv-
ity, increased psychoemotional stress, 
and stressful situations.

The industrial production of Oleo-
pren Neuro BADS is carried out at 
the enterprises of the Art Life com-
pany certified under the international 
standards ISO 9001, 22000 and GMP 
rules, which secures the stability of the 
quality and safety of the products. 
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Abstract

Introduction. With age, there is a grow-
ing risk of vitamin D deficiency and cog-
nitive impairment. Maintaining the older 
people’s health is socially relevant to health 
systems in the light of the population ageing 
trend.

The study was aimed at identifying the 
relationship of vitamin D levels and symp-
toms of moderate cognitive impairment in 
older people.

Methods. The authors conducted a 
cross-sectional screening of vitamin D sta-
tus and cognitive impairment using the 
memory impairment screen (MIS) ques-
tionnaire, as well as the clinical, place-
bo-controlled study of vitamin D intake at 
a dose of 2,000 IU/day for 6 months.

Results. The frequency of vitamin D 
deficiency in older patients with signs of 
cognitive impairment totaled 90.91 %, 
which was significantly more frequently 
compared with the group without cognitive 
impairment, where vitamin D deficiency 
was found only in 11.36 % of cases. In the 
dynamics on the background of the vitamin 
D intake for 6 months, the concentration 
in the intervention group amounted to 
52.34 ± 2.43 ng/ml vs 14.71 ± 1.54 ng/
ml in the placebo group. The results of the 
study of cognitive impairment using MIS 
for the treatment group were 3.63 ± 0.01 
points, which was significantly higher 
compared with the placebo group – 1.78 ± 
0.22 points. A correlation analysis of vi-
tamin D levels and MIS points showed a 
strong positive relationship, with a correla-
tion coefficient of 0.92. 

Conclusion. The study identified a 
positive relationship of increasing vita-
min D levels and reducing the symptoms of 

mild cognitive impairment in older people. 
Achieving vitamin D levels of over 40 ng/
ml greatly reduces the symptoms of cogni-
tive impairment identified by the MIS 
questionnaire, however, the issue of treat-
ment of impaired cognitive functions with 
vitamin D remains debatable.

Keywords: older people, mild cogni-
tive impairment, vitamin D, memory im-
pairment screen, MIS

Introduction

With the increase in life expectancy and 
proportion of older people worldwide, 
widespread computerization and the 
increasing complexity of technological 
processes related to the evolution of 
civilization, the social importance of 
preserving cognitive abilities is steadily 
growing [1-4]. It is a fairly well-known 
fact that with age, a decrease in cogni-
tive functions is observed in many peo-
ple, which mostly does not go beyond 
the average age norm and does not cause 
any violation of the social adaptation of 
an individual [5]. Only 6 – 8 % of the 
individuals over 65 develop persistent, 
pronounced, cognitive deficit that leads 
to disability and loss of household in-
dependence and is defined as dementia 
[5, 6].

The literature defines a prodromal 
phase of dementia as “mild cognitive 
impairment”, the more correct transla-
tion of which into Russian, taking into 
account its meaning will be “умеренное 
когнитивное расстройство”(umeren-
noye kognitivnoye rasstroystvo)  [7, 8]. 
Mild cognitive impairment is detected 
quite often and is prevalent in 15 – 25 % 
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of older people that is 3 – 4 times higher 
than the frequency of dementia [9-12].

Modern strategies for prevention 
of cognitive impairment and dementia 
include the identification of risk fac-
tors and predictors [13, 14]. Since the 
background and related pathology of-
ten cause dementia and these risk fac-
tors are modifiable, early detection and 
treatment thereof provide new oppor-
tunities for distancing the onset and 
preventing the symptoms of cognitive 
impairment and dementia [15-16]. 

Vitamin D (25-hydroxyvitamin D 
or cholecalciferol) is the main substrate 
from which the bioactive form of cal-
citriol (1.25-dihydroxycholecalciferol) 
is synthesized. Limited exposure to 
sunlight, reduced capacity of the skin to 
produce vitamin D and reduced intake 
of vitamin D in the diet can lead to vita-
min D deficiency, which affects almost 
50 % of the older people worldwide [17]. 
Animal studies and experimental ob-
servations attest to the important role 
of vitamin D in the functioning of the 
central nervous system and brain. In 
large quantities, the vitamin D receptors 
(VDR) were discovered in the brain tis-
sues [18]. Vitamin D is associated with 
the synthesis of neurotrophic factors 
(brain neuropeptide) and neurotrans-
mitters [19], is involved in suppression 
of the receptors in relevant memory ar-
eas, and is associated with phagocytosis 
and clearance of amyloid produced in 
Alzheimer’s disease [20, 21].

The clinical significance of mild cog-
nitive impairment is determined pri-
marily by an increased risk of dementia. 
In a year of follow-up, Alzheimer’s dis-
ease develops in about 10 – 15 % of pa-
tients with amnesic mild cognitive im-
pairment (in the general population, the 
probability of developing Alzheimer’s 
disease is only about 1 – 5 % per year). 
The probability of transformation into 
dementia from cerebrovascular mod-
erate cognitive impairment is less well 
studied and, according to various stud-

ies, ranges from 5 to 10 % per year. In-
creased mortality of patients is another 
danger associated with mild cognitive 
impairment. According to K. Palmer 
et al. [22], almost 1/3 of patients with 
mild cognitive impairment died during 
the 6-year follow-up, most often from 
concomitant cardiovascular diseases 
[12].

The study was aimed at identifying 
the relationship of vitamin D levels and 
symptoms of moderate cognitive im-
pairment in older people.

Materials and Methods

Vitamin D screening
An assessment of the frequency of 

vitamin D deficiency in the older peo-
ple (60 to 75 years) with symptoms of 
mild cognitive impairment and in older 
people without similar symptoms was 
made. To compare the frequency of vi-
tamin D deficiency, the patients of the 
same gender and age with mild cog-
nitive impairments and without them 
were selected in the ratio 1:2, respec-
tively (66 cases:132 controls).

The immunoelectrochemilumines-
cent method was used to assess vita-
min D which was based on the 25-hy-
droxyvitamin D light emission (photons 
of light) measurement. Depending on 
the light emission intensity, a quanti-
tative level of vitamin D concentration 
was determined. Vitamin D deficiency 
was ascertained after determining the 
level of 25-hydroxyvitamin D by the 
method below 40 ng/ml.

Cognitive impairment screening
The presence of cognitive impair-

ment was determined by testing using 
the memory impairment screen (MIS) 
questionnaire. MIS is a common test 
for pre-evaluating memory perfor-
mance. Along with Mini-Cog and 
GPCOG, MIS is one of three tests 
recommended in the United States for 
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assessing the cognitive status of older 
patients as part of annual health sur-
veys. 

A number of studies have shown 
that MIS is more effective in identify-
ing cognitive impairment and less ex-
pensive diagnostic tool than the stan-
dard Mini-Mental State Examination 
(MMSE). The test method using MIS 
involves the following steps:

Show the patient a sheet of paper 
with four words to remember, and ask 
him/her to read these words out loud. 
(Words are typed in capital letters; the 
font size of at least 24 points.)

Tell the patient that each word be-
longs to a separate category. Give an 
example of a category and ask the pa-
tient to indicate which of the words 
belongs to it (for example, “Which of 
this is a game?”). Up to 5 attempts are 
allowed. Failure to perform this task 
indicates possible cognitive impair-
ments.

When the patient categorizes all 
four words, remove the demonstration 
sheet. Tell the patient that he or she will 
be asked to recall these words in a few 
minutes.

Engage the patient in distracting 
tasks for 2 – 3 minutes, such as count-
ing to 20 and back, serial subtraction of 
seven from one hundred, pronouncing 
the word GROUND vice versa.

Free recall gives two points for each 
word. Ask the patient to name as many 
of these four words as he/she can recall. 
Give at least 5 sec for the free recall of 
each word. Go to step 6 if the patient 
does not name the next word within 10 
sec.

Recall with a hint – one point for 
each word. Read the relevant hint (cat-
egory) for each word that was not re-
called during the free recall (for exam-
ple, “What was the game?”).

The maximum score on the MIS 
scale is eight points: 5 – 8: cognitive im-
pairments are absent, and ≤ 4: possible 
cognitive impairments.

Clinical trial
The relationship between vitamin D 

status and cognitive ability in a clinical 
trial of the vitamin D use was studied 
in patients with a confirmed deficiency 
compared to placebo. In the empirical 
part of the work, from the persons with 
laboratory-proven vitamin D deficien-
cy (n = 60), with mild cognitive im-
pairments, 2 groups of 30 people were 
randomly formed. One group received 
vitamin D in a high therapeutic dose of 
2,000 IU per day for 6 months, another 
group received placebo with similar or-
ganoleptic properties.

Benchmarks
Follow-up measurements of vitamin 

D levels and MIS testing were conduct-
ed prior to entering the study, after 1, 3 
and 6 months of testing.

Compliance with medical ethics 
standards

All stages of this work at the plan-
ning stage were analyzed from the 
standpoint of studying regulatory and 
legal acts ensuring compliance with 
ethical principles of research involving 
human subjects:

Before entry into the study, written 
informed consent adapted for the pur-
poses of this study was received from 
each participant. Each of the partic-
ipants in the cross-section study and 
randomized controlled clinical trial 
took part in the research voluntarily 
and also received guarantees of full an-
onymity and confidentiality of personal 
data.

Statistical analysis
Qualitative variables are presented 

as absolute numbers and their percent-
ages. Quantitative data are expressed as 
a mean and its standard deviation. Dif-
ferences between groups based on qual-
itative data were determined using the 
Pearson’s chi-squared test. The search for 
differences in groups by quantitative da-
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ta was made by the Student’s t-test. The 
correlation was assessed by calculating 
the Pearson correlation coefficient. The 
criterion of critical significance was the 
finding of the probability of first type er-
ror of 0.05 %. The statistical analysis was 
performed in the SPSS 20.0 software.

Results 

General characteristics of study par-
ticipants are shown in Table 1. In the 
groups with mild cognitive impair-
ments, and without them the ratio of 
the number of women and men was 
the same. In the group of persons with 
cognitive impairments, diabetes was 
significantly more common than in 
the group without such impairments – 
21.21 % versus 11.36 %, hypertension – 
42.42 % versus 19.70 %, and the family 
history of Alzheimer’s disease  – 9.09 % 
versus 3.79 % of cases, respectively.

Table 1. General characteristics of study par-
ticipants, % (n)

Variables

Mild 
cognitive 

impairment, 
n=66

Persons 
without 

cognitive 
impairment, 

n=132

Difference 
test

Men 48.00 (32) 48.00 (64) > 0.05

Women 52.00 (34) 52.00 (68) > 0.05

Diabetes 21.21 (14) 11.36 (15) < 0.05

Hypertonic 
disease 42.42 (28) 19.70 (26) < 0.05

Family 
history of 
Alzheimer’s 
disease

9.09 (6) 3.79 (5) < 0.05

Screening for the frequency of vi-
tamin D deficiency in older people 
showed that in individuals with signs of 
cognitive impairment, according to the 
results of screening tests using the MIS 
questionnaire (total score < 4), vitamin 
D levels of less than 40 ng/ml had been 
found in 90.91 %, which had been sig-
nif icantly more common compared 

with the group without cognitive im-
pairments, where vitamin D deficiency 
had been found only in 11.36 % of cases 
(Table 2).

Table 2. The frequency of vitamin D defi-
ciency in older people, % (n)

Mild 
cognitive 

impairment, 
MIS<4

Persons 
without 

cognitive 
impairments, 

MIS=5 – 8

Difference 
test

Vitamin D 
deficiency, 
< 40 ng/ml

90.91 (60) 11.36 (15) < 0.05

Normal 
vitamin D 
content, 
> 40 ng/ml

9.09 (6) 88.64 (117) < 0.05

In the dynamics on the background 
of vitamin D intake at an average ther-
apeutic dose of 2,000 IU/day after one 
month of treatment, the results of test-
ing cognitive impairment as per MIS 
questionnaire significantly improved, 
compared to the placebo group, and 
the study entry point equaled to 2.44 ± 
0.43 points against 1.64 ± 0.26 points, 
respectively, along with higher levels 
of vitamin D in the blood up to 42.01 
± 1.81 ng/ml vs. placebo group where 
it was 14.82 ± 0.08 ng/ml. During the 
subsequent months of follow-up there 
was an increased vitamin D level and 
increased number of points in testing 
using the MIS questionnaire. The best 
results were achieved with long-term 
use of vitamin D within 6 months: the 
concentration in the intervention group 
amounted to 52.34 ± 2.43 ng/ml vs 
14.71 ± 1.54 ng/ml in the placebo group, 
which was more than 3 times higher 
than the initial level before the treat-
ment. The results of the cognitive im-
pairment study in the vitamin D group 
approached the lower limit of the norm 
and amounted to 3.63 ± 0.01 points that 
was significantly higher compared with 
the placebo group, where the result was 
1.78 ± 0.22 points (Table 3).
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Table 3. The results of testing cognitive im-
pairment and vitamin D concentrations in 
the blood throughout the study in the inter-
vention and placebo groups, mean ± standard 
deviation

Check point Characteristics

Group of patients with mild 
cognitive impairments and 

vitamin D deficiency
Difference 

testVitamin D 
group, 

n = 30, 2,000 
U/day

Placebo 
group, 
n=30

Before 
treatment

MIS test 1.71 ± 0.21 1.83 ± 0.32 > 0.05

Vitamin D level, 
ng/ml

14.00 ± 1.28 14.00 ± 1.28 > 0.05

1 month 
of treatment

MIS test 2.44 ± 0.43 1.64 ± 0.26 < 0.05

Vitamin D level, 
ng/ml

42.01 ± 1.81 14.82 ± 0.08 < 0.001

3 months 
of treatment

MIS test 3.41 ± 0.11 1.69 ± 0.48 < 0.05

Vitamin D level, 
ng/ml

51.67 ± 0.43 15.43 ± 2.25 <0.001

6 months of 
treatment

MIS test 3.63 ± 0.01 1.78 ± 0.22 <0.01

Vitamin D 
level, ng/ml

52.34 ± 2.43
14.71 ± 
1.54

<0.001

Also, during the correlation analysis, 
a strong positive relationship was identi-
fied between vitamin D concentrations 
and number of MIS points – correlation 
coefficient of 0.92 (Figure 1).

Figure 1. Correlation analysis of the vitamin 
D level and the number of MIS points, R – 
correlation coefficient

Discussion

The study has identified the relationship 
of vitamin D levels and symptoms of 
moderate cognitive impairment in older 
people. It has been found that the great-

er the concentration of vitamin D is, the 
greater the number of MIS points is. 
These data may be of interest for mem-
bers of the outpatient unit, where the 
older patients get for various reasons 
and where screening can be made of 
both cognitive impairments, including 
the latent ones, and the vitamin D level 
control.

Also, the study has shown that 
90.91 % of the older people with mild 
cognitive impairments had vitamin D 
deficiency. The result is similar to the 
previous reports on the high prevalence 
of vitamin D deficiency in older people 
[23-25].

This study is limited by the small 
sample size, as well as by exclusively 
screening nature of the cognitive func-
tion study without a detailed analysis 
of the status and accounting of somatic 
impairments.

The greatest benefit of the study is 
to produce a positive result in the form 
of higher levels of vitamin D in the 
blood of older patients to target values 
above 40 ng/ml and improve the cog-
nitive impairment status. Although in 
this work, within 6 months of vitamin 
D intake, the normal value limits were 
not reached according to the MIS test-
ing, the results were close to this level, 
which indicated the possibility of using 
vitamin D as part of complex therapy 
for mild cognitive impairments in older 
people.

Conclusion

Thus, the study identified a positive re-
lationship of increasing vitamin D lev-
els and reducing the symptoms of mild 
cognitive impairment in older people. 
Achieving vitamin D levels of over 40 
ng/ml greatly reduces the symptoms of 
cognitive impairment identified by the 
MIS questionnaire; however, the issue 
of treatment of impaired cognitive func-
tions with vitamin D remains debatable.
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Abstract

The medical social significance of the ar-
terial hypertension (AH) in the world is 
determined by its high prevalence, which 
allows to call it a non-infectious pandemic 
of today. The AH still remains the most 
common chronic disease that triggers the 
cardiovascular continuum, significant-
ly reduces the body’s adaptive capacity, 
worsens the living standards for people 
of socially minded age, and represents the 
leading global risk of increased cardiovas-
cular mortality.

The purpose of the study was com-
parison of informative value of various 
methods for measuring the arterial blood 
pressure (ABP) (office-based, home-based 
using electronic apps, and daily) in order to 
improve the risk assessment of the condition 
and monitoring the treatment efficiency for 
the AH patients.

The method of qualitative and quanti-
tative analysis of scientific literature and 
public online sources was used in the study.

It has been established that the ABP 
analysis is an important tool to prevent the 
negative consequences of the AH. The results 
of the experimental study have revealed 
that hourly home-based ABP monitoring 
using a mobile electronic app is more infor-
mative than monitoring at long intervals, 
and provides information which is close to 
the average daily indicators obtained in the 
daily ABP monitoring.

Keywords: arterial hypertension, ar-
terial blood pressure, systolic arterial blood 
pressure, diastolic arterial blood pressure, 
antihypertensive therapy, arterial blood 
pressure monitoring, office-based monitor-
ing, daily monitoring, home-based moni-
toring, mobile app.

Introduction

The AH remains one of the major prob-
lems of the modern medicine. Despite 
the development and introduction of 
new medical technologies and stan-
dards, the incidence rate and mortality 
from hypertension-related complica-
tions in the world grow.

The WHO experts believe that 
the AH is the most significant cause 
of death and disability among all car-
diovascular diseases [1]. Approximate-
ly one-third of adults older than 25 
and 90 % of people older than 80 in 
the world suffer from it, and the total 
number of hypertensive patients in 
the world also grows steadily [2]. The 
AH causes the development of 50 % of 
cardiovascular disease cases – in par-
ticular, coronary heart disease, stroke, 
chronic kidney disease, and cardiac 
failure [3]. The high ABP causes about 
18 % of deaths in general and more 
than 40 % of deaths in people with dia-
betes mellitus [4]. Mortality caused by 
the high ABP has increased by 8.2 % 
over the past decade (2006 – 2016) [5]. 
According to the Framingham Heart 
Study, the ABP level above 160/90 
mm Hg compared to its normal level 
causes an increase in the risk of cardio-
vascular events three times in men and 
six times in women [6].

Despite the undoubted threat posed 
by the AH and the potential of mod-
ern antihypertensive therapy, the recent 
studies [7] indicate that 50 – 70 % of 
patients in the general-purpose medical 
institutions in various European coun-
tries have higher levels than target, de-
spite treatment.
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The increase in the number of the 
AH patients who are being treated is 
accompanied by a paradoxical increase 
of the proportion of people with uncon-
trolled ABP among them [8].

56.7 % of patients in the world to-
day are not aware of the AH in them, 
28.8 % know about the AH but do not 
take treatment, and 14.5 % treat the AH 
but do not control it. The control of the 
AH at less than 140/90 mm Hg is not 
achieved in 69 % patients [9]. The level 
of awareness has direct influence on the 
number of those being treated and, ac-
cordingly, the number of complications 
of the AH. Therefore, raising awareness 
of hypertensive patients is an important 
medical and public task.

The most significant reasons for the 
low ABP level control in the world are 
low patient adherence to antihyperten-
sive therapy [10] and significant ther-
apeutic inertia, i.e., a delay in timely 
enhancement of the drug therapy, ap-
pointment of an  insufficient number 
of medications or their incorrect dos-
ing [11]. The problem of implement-
ing the modern treatment standards in 
real clinical practice, which is largely 
due to the complexity of applying the 
therapeutic regimens given in the rec-
ommendations, can be solved by the in-
troduction of organizational measures 
that contribute to increased patient 
adherence to treatment and increased 
cooperation with the doctor, including 
their involvement in patient monitoring 
of blood pressure at home [12].

Additional information regarding 
the “out-of-office” ABP level (the so-
called “out-of-office ABP”) allows a 
doctor to adjust medication therapy in 
time to achieve its optimal value. Due 
to the relatively large number of mea-
surements in the environment familiar 
to the patient, the prognostic value of 
the home-based ABP in regard to pre-
dicting the development of fatal and 
nonfatal cardiovascular events and tar-
get organ damage is not inferior to daily 

ABP monitoring (DABPM) and better 
than office-based ABP [13]. However, 
information on the effect of systematic 
home-based ABP control on the results 
of antihypertensive therapy in various 
populations of patients with the AH is 
insufficient to recommend its routine 
use in general practice [14] along with 
the clinical ABP definition, which re-
mains the traditional basis for clinical 
decision making. However, office-based 
data do not provide sufficient informa-
tion about the efficiency of the AH 
treatment [15].

D.T. Lackland emphasizes that 
clinical guidelines and intervention 
programs focus on the need for the ade-
quate ABP control for primary and sec-
ondary prevention of target organ dam-
age [16]. However, studies conducted 
in recent years in many countries have 
revealed insufficient coverage and very 
low efficiency of antihypertensive ther-
apy, despite the advances of the modern 
medicine [17].

The home-based ABP monitoring, 
including the use of electronic apps, 
is a subject of numerous studies of lo-
cal researchers. At the same time, the 
ABP self-monitoring takes an import-
ant place in the modern guidelines for 
the AH not only as a method for the 
ABP assessment, but also as a way to 
improve the interaction between a pa-
tient and a doctor. The ABP self-mon-
itoring allows to clearly demonstrate 
the success or problems of treating the 
AH to the patient and contributes to 
the improvement of the ABP control 
indicators [18-19]. L.P. Efimova et al. 
have established (n = 52) that 38 % of 
the patients independently measure the 
ABP and record results in the diary; 8 
% of patients with the AH do not mea-
sure the ABP at home at all; 65 % are 
examined where they live as planned, 
annually; 29 % of respondents consid-
er it necessary to take antihypertensive 
drugs only if they feel unwell. At the 
same time, 31 % of patients were in in-
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patient and outpatient treatment for the 
AH over the past six months, and 21 
% called the emergency because of the 
ABP increase. Compliance in the group 
surveyed was 57.5 % of the target, which 
led to hospitalization and frequent calls 
to the emergency [20].

The optimal approach to the meth-
od and mode of measuring the ABP at 
home is not yet fully determined. Var-
ious modes of the home-based ABP 
definition have been used in the main 
studies on its prognostic significance 
and diagnostic value, despite the rec-
ommendations from the European So-
ciety of Hypertension and leading car-
diac associations [21] on the duration 
of the period for determining the ABP 
at home. Besides, most of the scientific 
works were aimed at studying the value 
of the home-based ABP for the primary 
diagnosis of the AH. Information about 
the possibility of using home-based ABP 
in patients who have been prescribed 
antihypertensive therapy as a method 
of assessing its quality and efficiency is 
not sufficient, since only a few studies 
involving a small number of patients are 
devoted to this issue [22]. That is why the 
most recent consensus document of the 
working group of the European Society 
of Hypertension for monitoring the ABP 
and cardiovascular variability [23] lists 
the determination of the optimal mode 
of measuring the ABP at home among 
the important issues that should be in-
vestigated and would be acceptable for 
the initial diagnosis of hypertension and 
control of the treatment efficiency with 
long-term observation of the patients.

Another advantage of measuring 
the ABP at home is the ability to as-
sess its variability, which, according to 
some data, is associated with target or-
gan damage, as well as cardiovascular 
risk and stroke risk increase, making it 
a promising therapeutic target for anti-
hypertensive treatment [24].

As such, the complex and multidi-
mensional problem of the ABP control 

in the AH patients remains unsolved, 
despite the powerful capabilities of the 
modern antihypertensive therapy in the 
clinical practice, which lays grounds for 
its further study and developing a set of 
measures that would significantly in-
crease the efficiency of the AH treat-
ment.

The ABP control in AH patients is 
considered as an efficient mechanism 
for preventing the occurrence of such 
adverse events as myocardial infarction, 
stroke, chronic renal and heart failure, 
and peripheral arterial vascular disease, 
including death. The risk assessment 
and control of AH patients remains un-
satisfactory despite convincing evidence 
that cardiovascular morbidity and mor-
tality are reduced in the AH treatment.

That is why an important direction 
in the AH treatment is the implemen-
tation of a personalized approach to 
patients in order to timely identify and 
prevent the AH among the population. 
Due to this, there is a task of providing 
personalized monitoring and control 
indicators of the health status of each 
individual for a long time. The modern 
development of information, computer, 
mobile, and telecommunication tech-
nologies provides new opportunities for 
solving this relevant problem.

Purpose of the study is the compar-
ison of the information value of various 
methods for measuring the ABP (of-
fice-based, home-based using electron-
ic apps, and daily) in order to improve 
the risk assessment of the condition and 
monitor the efficiency of treatment of 
the AH patients.

Methods

The efficiency of the doctor’s actions 
in the treatment of each individual pa-
tient depends on the quality control of 
the ABP. Most often, the ABP control 
is used to determine the level of the 
office-based ABP, home-based ABP 
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monitoring (HBABPM) and DAB-
PM. However, each of these methods 
has its advantages and disadvantag-
es, which requires further research. 
Compared to office-based ABP, the 
HBABPM secures measurements over 
long periods, as well as the ABP vari-
ability throughout the day, and it is 
cheaper and more affordable due to the 
availability of the existing electronic 
smartphone apps.

However, unlike the DABPM, the 
HBABPM does not secure the ABP 
measurement during normal routine 
activity and during sleep, as well as 
quantitative assessment of the short-
term ABP variability. Therefore, it is 
also necessary to conduct the DABPM, 
especially with increasing ABP, in the 
evening and in the morning, as well as 
to determine the degree of the ABP de-
crease or increase at night.

Sixty patients aged 45 – 59 with 
the ABP levels above 140/90 mm Hg 
participated in the study. All patients 
were measured the office-based ABP 
for three days using a standard meth-
od, and both DABPM and HBAB-
PM were performed. The DABPM 
was performed using a Meditech AB-
PM-05 device. The ABP was measured 
at 15 minutes’ intervals throughout the 
day and every 30 minutes at night. The 
HBABPM was performed along with 
ambulatory monitoring of blood pres-
sure for three days after the appoint-
ment of antihypertensive therapy.

The patients performed the HBAB-
PM using the OMRON device (Japan) 
in two ways:

Group 1 (30 patients) measured the 
ABP regularly every hour during the 
day with the ability to connect and pro-
cess information in the Blood Pressure 
Log – MyDiary electronic app, using 
the multifunctionality of the app, in-
cluding the reminder and observation 
diary functions, etc.;

Group 2 (30 patients) did that ran-
domly three times during the day: in 

the morning, in the afternoon, and in 
the evening.

The average values ​​of systolic arteri-
al blood pressure (SABP) and diastolic 
arterial blood pressure (DABP) were 
found for day and night hours. The ABP 
fluctuations during day and night were 
estimated according to the SABP and 
DABP standard deviation. In order to 
estimate daily fluctuations, the magni-
tude of its nightly decline was calculat-
ed, which was equal to the percentage 
ratio of the difference between the aver-
age day and average night ABP levels to 
the average daily value. Analysis of the 
SABP and DABP trends allowed to de-
termine the daily ABP profile (the ratio 
of the ABP fluctuations during day and 
night hours). The presence of the night 
ABP reduction (as normal) allowed to 
classify the DABPM of a particular pa-
tient as a normal profile (dipper), while 
the absence of a ABP nightly decrease 
made it in the category “nondipper”, 
“overdipper”, and “night-peaker”. In the 
course of the analysis of self-monitoring 
ABP methods, the patients compared 
the figures for the average daily ABP 
level, the difference between the first 
and last ABP measurement, the average 
daily values ​​of SABP and DABP, and 
compared home monitoring data with 
the DABPM results.

Results

The results of the study have revealed 
that the average daily ABP levels in the 
same patient were the lowest when de-
termined using the DABPM and the 
highest when determined using the of-
fice-based ABP measurement (Table 1).

As can be seen from Table 1, the 
average daily ABP level, which was es-
timated with DABPM, averaged to as 
follows: SABP 134.2 ± 1.2 mm Hg and 
DABP 89.3 ± 2.5 mm Hg. It must be 
noted that the lower average daily ABP 
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figures estimated using this method are 
explained by the fact that the average 
ABP levels over night were lower than 
those measured over day only.

The off ice-based ABP level was 
higher than that measured using oth-
er methods (SABP 153.2 ± 3.3 mm Hg 
and DABP 95.4 ± 3.6 mm Hg), which 
was caused by the “white coat” syn-
drome and other factors, in particular.

The results of the studies indicate that 
the ABP figures obtained by using the 
DABPM method every hour (Group 1) 
were lower than when monitoring the 
ABP three times a day (Group 2).

The average daily SABP values in 
Group 1 were 138.2 ± 1.3 mm Hg for 
DABPM and 144.7 ± 1.8 mm Hg for 
the HBABPM (P > 0.5). In Group 2 
they were 136.7 ± 2.1 and 148.3 ± 2.6 
mm Hg, respectively (P < 0.05). The 
average daily DABP values in Group 
1 were 82.1 ± 0.9 mm Hg with DAB-
PM and 91.2 ± 2.1 mm Hg for the 
HBABPM (P > 0.5). In Group 2 they 
were 82.7 ± 2.2 and 93.3 ± 2.9 mm Hg, 
respectively (P > 0.5). In other words, 
home-based monitoring with an in-
terval of one hour is almost completely 
consistent with the average daily SABP 
level obtained with DABPM, and the 
method of the ABP measuring only 

three times a day provides overestimat-
ed indicators of the average daily SABP 
level. The average daily DABP level 
was not significantly dependent on the 
method of measuring pressure, as there 
were no significant differences between 
its level in the DABPM or in various 
methods of home-based monitoring.

Aside from the average ABP level, 
the ABP variability parameters have 
been analyzed over several measure-
ments. The smallest variability has 
been established when measuring the 
office-based ABP: SABP was 4.5 ± 
1.3 mm Hg and DABP was 2.4 ± 1.1 
mm Hg. In case of the DABPM vari-
ability, SABP was 12.1 ± 2.1 mm Hg 
and DABP was 9.6 ± 2.5 mm Hg; 
with the home-based hourly measure-
ment, SABP was 11.9 ± 2.4 mm Hg 
and DABP was 9.8 ± 2.8 mm Hg in 
patients of Group 1; SABP was 13.8 ± 
2.6 mm Hg and DABP was 10.1 ± 2.9 
mm Hg in patients of Group 2. In oth-
er words, the average daily ABP figures 
and the ABP variability, which were 
determined during the hourly HBAB-
PM, were closest to the corresponding 
indicators of average ABP during daily 
monitoring, which indicates the great-
est informative value of this particular 
method of home ABP monitoring us-

Table 1. ABP indicators depending on measurement methods (M ± m, mm Hg)

Indicators

ABP measurement methods

Office-based ABP
HBABPM, G ro u p 

1
HBABPM, G ro u p 

2
DABPM (average for two 

groups)

Daily average ABP: 
SABP 
DABP

134.2 ± 1.2
89.3 ± 2.5

Average ABP over day: 
SABP 
DABP

153.2 ± 3.3
95.4 ± 3.6

144.7 ± 1.8
91.2 ± 2.1

148.3 ± 2.6
93.3 ± 2.9

137.7 ± 1.5
82.4 ± 1.8

Average ABP over night: 
SABP 
DABP

127.8 ± 1.9
81.7 ± 2.1

Daily ABP variability: 
SABP 
DABP

4.5 ± 1.3
2.4 ± 1.1

11.9 ± 2.4
9.8 ± 2.8

13.8 ± 2.6
10.1 ± 2.9

12.1 ± 2.1
9.6 ± 2.5
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ing electronic apps compared to dai-
ly monitoring. The ABP variability in 
case of the home-based monitoring was 
not significantly different from that in 
outpatient monitoring and was higher 
than in office-based ABP measurement 
on average.

The obtained data indicate that the 
method of home-based monitoring, 
at which the average ABP values are 
found in the group, which conducted 
the measurements every hour using 
electronic apps, is closest to the average 
ABP values ​​ of daily outpatient moni-
toring.

As for the determination of sensitiv-
ity, it has been found the ABP control 
during the day is not sufficient, because 
not all patients revealed an ABP de-
crease on the first day; in most patients, 
an ABP decrease ​​was noted on the sec-
ond or third day, while the ABP should 
be monitored at home along with the 
ABP measurement in the office to con-
trol the efficiency of antihypertensive 
therapy (Table 2).

The average values ​​obtained during 
the HBABPM, especially in Group 1, 
more accurately determine the level of 
hypertension in a patient than the level 
of office-based ABP within three days, 
because the home-based monitoring 
using electronic apps allows leveling 

the influence of such stress factors as 
anxious waiting for the doctor and the 
reaction to examination on the pressure. 
During the determination of sensitivi-
ty to antihypertensive drugs, the level 
of office-based ABP was usually high-
er in the same patient as compared to 
its HBABPM level, especially the one 
performed every hour using electronic 
apps.

Discussion

The results of the study demonstrate 
that the level of office-based ABP is 
in most cases higher than the average 
daily ABP level determined using dif-
ferent methods of home-based or daily 
ABP monitoring. The hourly method 
of the HBABPM using electronic apps 
is more informative than monitoring at 
large intervals and provides informa-
tion which is close to the average daily 
indicators obtained during DABPM. 
As such, the possibility and efficiency 
of the use of mobile apps by patients 
for risk assessment and control of the 
condition of the AH patients have been 
proven.

Developers offer a large number of 
medical gadgets and mobile apps for 
measuring individual physiological and 

Table 2. Informative value of various methods in determining sensitivity to antihypertensive 
drugs in AH patients (M ± m, mm Hg)

Indicator Before treatment D ay  1 D ay  2 D ay  3

DABPM (day ABP): 
SABP 
DABP

145.5 ± 2.4
96.2 ± 2.8

Office-based ABP: 
SABP 
DABP

167.3 ± 3.2
101.5 ± 2.8

166.4 ± 2.9
101.1 ± 2.3

158.2 ± 2.6
98.5 ± 2.9

154.3 ± 2.1
96.4 ± 2.3

HBABPM (Group 1): 
SABP 
DABP

148.3 ± 3.3
89.4 ± 3.1

147.3 ± 3.1
86.2 ± 3.3

142.5 ± 2.9
84.6 ± 2.8

HBABPM (Group 2): 
SABP 
DABP

154.6 ± 3.5
92.8 ± 3.1

151.5 ± 2.8
91.3 ± 3.4

146.8 ± 2.2
87.5 ± 2.9



L A  P R E N S A  M É D I C A  A R G E N T I N A
E
l
e
c
t
r
o
n
i
c
 
A
p
p
s
 
i
n
 
A
s
s
e
s
s
i
n
g
 
R
i
s
k
 
a
n
d
 
M
o
n
i
t
o
r
i
n
g
 
o
f
 
P
a
t
i
e
n
t
s
 
w
i
t
h
 
A
r
t
e
r
i
a
l
 
H
y
p
e
r
t
e
n
s
i
o
n

241

V.105/Nº4

verbal indicators describing the state 
of human health today: pulse (Instant 
Heart Rate, Runtastic Heart Rate 
Monitor), ABP (Blood Pressure Moni-
tor), blood glucose level, quality of hear-
ing and vision, etc. Mobile devices also 
determine the emotional state and the 
level of stress (Stress Check), control 
physical activity and calories burned, 
sleep phases quality, etc. [25].

The category of m-health apps also 
includes multiparameter monitoring sys-
tems, wearable, textile and implantable 
sensors of vital health indicators, express 
analysis systems, apps for monitoring 
drug use, training systems for stabilizing 
the emotional state and improving cog-
nitive functions and disability. Remote 
monitoring and support systems for 
chronic diseases (Care Innovations, Visi 
Mobile, hWear (ECG), SugarSenz (dia-
betes), etc.) are actively developed. It has 
been proven that medical apps improve 
well-being, predict the condition of pa-
tients and make the prescribed treatment 
more efficient [26].

Special service platforms are used for 
collection, transmission and processing 
of measurement results and the orga-
nization of synchronous operation. For 
example, Apple Health service collects 
heart rate, glucose, calories, and sleep 
data through a single interface.

There are medical developments of 
smartphone manufacturers. For exam-
ple, Samsung developers offer a private 
S-Health app with a base of foods and 
exercises that allows evaluating param-
eters such as pulse, stress level, sleep, 
physical activity, and calories burned 
[26]. The software allows measuring 
important medical records using sen-
sors and devices, such as blood glucose 
meters, heart rate monitor, blood pres-
sure monitors, etc. and transfer them 
to a smartphone via Bluetooth or USB 
port, where they are presented as tables 
or charts. They also allow to control 
body weight, count calories, remind you 
about the need to take medicines, etc.

The Apple’s ResearchKit™ mobile 
platform (www.apple.com/carekit) is 
an open source iPhone platform that 
allows the researchers to directly collect 
data from patients with future stan-
dardization potential and application 
reuse. Since the platform continues to 
improve, it can further optimize the 
data collection process and enable stan-
dardized research. Remote monitoring 
technology also offers similar benefits 
of speeding up data collection, improv-
ing data quality and reducing test costs. 
GlaxoSmithKline, in collaboration 
with the McLaren Group and Medida-
ta, is working on a service for receiving 
real-time data.

The steady increase in the smart-
phones share opens up opportunities for 
m-Health. The tasks include a change 
in the patient-doctor interaction and 
enabling doctors to have convenient and 
quick access to the necessary informa-
tion.

The studies conducted in recent years 
have shown that m-Health will help 
save millions of lives, save billions in ex-
penses and democratize access to med-
ical care. Medical apps for cell phones 
and tablets also include various manu-
als, drug databases, quick calculations 
of patient indicators, remote monitor-
ing of vital data and radiological images 
of patients. Besides, the apps monitor 
the sleep quality, control the water use, 
enable patients to communicate with 
doctors, and even make a cardiogram, 
which is then transferred to the medical 
center via GPRS. Many medical apps 
are used to analyze individual patient 
data or transform a phone into a med-
ical device to upload individual patient 
data to medical information databases. 
The combination of new technologies 
and the need to be healthy opens up 
new horizons for both app developers 
and users.

T.L. Lewis notes that when search-
ing for the term “Cardiology” in the 
iTunes and Google Play stores, about 
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400 and 250 medical apps are suggest-
ed, respectively. Many of them were 
developed by the American College 
of Cardiology (ACC), the American 
Society of Echocardiography (ASE), 
and the American Heart Association 
(AHA) [27].

Website Healthapps (https://www.
healthapps.ru/top/pressure/) presents 
the top 5 apps in Russian for the ABP 
control (Android, iPhone) (Table 3).

However, the analysis has revealed 
that the existing gadgets and corre-
sponding electronic apps are not com-
prehensive and do not solve many of 
the mobile medicine problems. There 
are no software tools for conducting a 
comprehensive professional analysis of 
primary data and questionnaires in such 
systems.

Therefore, a relevant task is to devel-
op apps that will allow for a comprehen-
sive analysis of the resulting indicators 
at a higher professional level with the 
participation of medical professionals.

As such, a multilevel structure with 
double access can be secured: at the first 
level, users can independently monitor 
their health and level of physical activ-
ity, as well as make simple calculations 
using medical calculators; at the sec-
ond level, when a comprehensive data 
analysis is required, the access to pro-
fessional software is provided to doctors 
to let them more thoroughly study the 
measurement results, make an express 
analysis of data and issue corresponding 
recommendations.

Such approach is also advisable when 
choosing medications and their dos-
age, as well as optimizing the time of 
admission (for example, on the basis of 
long-term ABP monitoring while tak-
ing prescribed medications). The ABP 
can also be controlled during sleep. 
Advanced software apps for doctors or 
their libraries with access to the server 
part of the mobile kit can be installed 
directly on mobile devices.

Development of mobile apps for 

screening studies using questionnaires 
(for example, to estimate stress resis-
tance) is also an important task. This 
will allow to compare subjective assess-
ments of the health state (based on ques-
tionnaire results) with objective results 
of measuring physiological parameters 
using medical sensors or devices and 
to optimize the process of treatment or 
health maintenance.

To implement a multilevel integrat-
ed mobile personalized system for long-
term monitoring, analysis, risk assess-
ment, and control of the AH patients, 
the following concept of its creation 
with a client-server architecture can be 
suggested.

The structural organization of the 
client-server part of such a system sug-
gests that the client part ensures user 
identification procedures; transferring 
data from medical sensors, devices or 
input of measurement data from key-
board; creation of a local database, a 
module for local computing, polls, ex-
press analysis and display of results. A 
global database is formed on the server 
and a comprehensive analysis is made 
(for instance, heart rate variability), its 
results being used for the corrective rec-
ommendations. The recommendations 
part includes several modules for con-
trolling the administration of medica-
tions, level of physical activity, diet, etc., 
as well as adapting to the needs of a spe-
cific user. Figure 1 shows the structural 
organization of such a system.

Figure 1. Structure of the mobile personal-
ized system of risk assessment and control of 
the AH patients
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The data of express analysis describe 
the current state of the user health and 
inform them about the changes in the 
physiological parameters of the body, in-
cluding blood pressure, that are danger-
ous for health. The comprehensive anal-
ysis is made by professional doctors in 
order to early detect possible pathologies.

Conclusion

The ABP analysis is an important tool 
to study the functional state of the hu-

man body and prevent the negative con-
sequences of the AH. The development 
of appropriate software will allow se-
lecting the basic functions optimal from 
the standpoint of informative value and 
speed of calculations, and will improve 
the level of diagnostic and preventive 
measures.

The results of an experimental study 
have revealed that the HBABPM car-
ried out hourly using a mobile electronic 
app is more informative than monitor-
ing at long intervals, and provides in-
formation which is close to the average 

Table 3. Top 5 apps in Russian for the ABP control

Nº. Name Functions Developer

1 Cardio diary Saving and displaying the input data: blood ABP, pulse;
Division into morning or evening readings;
Setting alarm reminders;
Building charts of pressure changes; and
Expert advice and recommendations.

MDHelp

2 Pressure and Pulse Diary Recording the SABP and DABP readings of the tonometer;
Recording health state;
Trend tracking;
Statistics by different indicators, periods and tags;
System of monitoring the drugs taken;
Notification system;
Data export to mail, to reporting files in various formats; and
Backup to SD card.

mEL Studio

3 SmartBP Recording of SABP and DABP readings;
Average ABP is calculated automatically;
Adding notes;
Storing and viewing records of the ABP measurements at any time;
Compatibility with devices for blood pressure measuring;
Sending information about the ABP to the doctor, healthcare organization, family members 
by email or SMS;
Creating PDF reports with charts and statistics.
Copying files with the ABP information to Google Drive;
Data protection; and
Setting reminders.

Evolve Medical 
Systems, LLC

4 Blood Pressure Diary Saving measurements in the smartphone, including SABP, DABP, measurement location, 
body position, date, and time;
Automatic detection of the AH stage;
Calculation of average, maximum and minimum ABP values per month
Chart of the ABP dynamics; and
Measuring reminder setting.

Siberian 
Laboratory 
Applications

5 Blood Pressure Simple interface;
Saving the ABP measurements;
Editing and updating;
Measurement description;
Multiple user support;
Interactive charts;
Statistics;
Data export to report files; and
Reminder to measure the ABP.

Klimaszewski 
Szymon
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daily indicators obtained during the 
DABPM.

In general, the use of mobile elec-
tronic apps and service platforms for 
registering and monitoring physiolog-
ical and verbal indicators describing the 
state of human health is a very import-
ant part of building the modern infor-
mation communication systems of the 
personalized mobile medicine. The next 
step is to switch from the control and 
express analysis of particular health in-
dicators to their comprehensive analysis 
in order to predict the presence and pos-
sible development of the disease, deter-
mine the risk group, and form special 
correction programs to stabilize and 
improve the health of a user.
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Abstract

The aim of this research was to analyze 
106 clinical observations in which sialen-
doscopy was performed for diagnosis and 
treatment patients with sialolithiasis. This 
research showed, that endoscopy of the ma-
jor salivary gland ductal system allows to 
obtain information not only on a sialolith, 
but also on a condition of ductal system. The 
obtained data define a method of further 
treatment. Sialendoscopy can be used not 
only as diagnostic method, but also as an 
independent method for sialolith removing 
or as an assistance. The possibility of sialo-
lith removing depends on its mobility, the 
size of salivary stone, localization and a 
salivary duct condition. 

Key words: sialolithiasis, sialendosco-
py, sialolith, sialoscope, endoscopy, sialolith 
extraction, stricture, sialendoscopic assis-
tance.

Introduction

Currently computer tomography (CT), 
ultrasound and sialography with con-
trast agent are used for diagnosis of 
sialolithiasis besides the main clini-
cal methods. However, despite a wide 
range of existing methods, diagnostic 
mistakes reach 46%, as these methods 
give only indirect signs of that process, 
which happens inside the salivary gland 
duct [1]. 

The implementation of endoscopic 
equipment in daily practice changed a 
view on diagnostic and treatment of pa-
tients with sialolithiasis. A number of 
foreign authors consider sialendoscopy 
the most informative method [2-6], as 

it allows to visualize the sialolith and 
inspect the condition of salivary duct 
system [7-10].

However, despite advantages of this 
method, the full-f ledged diagnostic 
sialendoscopy is not always a feasible 
procedure in obstruction of salivary 
duct due because of stricture, stenosis 
or a large sialolith. The possibility of si-
alolith removing is often limited to size, 
localization and a condition of duct [2, 
3, 7, 11, 12].

On the one hand, the sialendosco-
py is a nontraumatic procedure, a per-
forming of unsuccessful procedure is 
harmless, but from the other hand, it is 
obvious that the number of inefficient 
medical procedures has to be mini-
mized. It is necessary to consider that 
the aggravating factor of a sialendosco-
py is the high cost of each procedure, 
many of which are disposable. 

Thus, we consider that opportunities 
and efficiency of a sialendoscopy are 
not completely presented in literature. 
There are few works in literature on this 
subject, therefore we decided to per-
form own analysis and to share results 
of clinical observations.

Material and methods

This research included 106 clinical 
observations of patients aged from 18 to 
65 years. The study was conducted from 
2014 to 2019 at the Center of endoscop-
ic dentistry and maxillofacial surgery 
“Endostom”. 

Besides the main clinical examina-
tion (survey, examination, palpation 
and probing), all patients underwent 
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additional diagnostic procedures: com-
puter tomography (CT), ultrasonogra-
phy of salivary glands and diagnostic 
sialendoscopy with using of sialoscope 
“All-in-one”, diameter 1,1 or 1.6 mm 
(Karl Storz, Germany). 

Figure 1. Sialoscopes “All-in-one” Karl 
Storz, diameter 1,1 or 1.6 mm.

The diagnostic sialendoscopy proto-
col was similar, all parts of salivary gland 
duct were inspected. The main purposes 
of diagnostic sialendoscopy were a de-
tection of sialolith, determination of 
its sizes, form, structure, localization 
and mobility, and also the assessment 
of duct system condition, i.e. the per-
meability of ducts, presence of stenosis 
or dilations, inflammatory changes etc. 
LSD classification (F. Marshall, 2003) 
was used for systematization of the list-
ed diagnostic data [7].

In all clinical cases, after the identi-
fication of sialolith, we tried to extract it 
using sialendoscopic instruments.  We 
used microforceps for stones extraction 
or its crushing and removing fragments. 

Figure 2. Sialendoscopic forceps

Flexible wire basket for grasping and 
removing sialolith

Figure 3. Sialendoscopic wire baskets

Burr for intraductal fragmentation 
of sialolith

Figure 4. Sialendoscopic burr

When choosing working tools, we 
were guided by working channel di-
ameter of sialendoscope. Therefore the 
working channel of 0.45 mm and si-
alendoscope diameter of 1.1 mm mean 
the using only a wire basket on 4 links 
and a burr (diameter of tools is 0.4 mm). 
The working channel of 0.8 mm and si-
alendoscope diameter of 1.6 mm mean 
the using of several types of wire bas-
kets (on 3,4 and 5 links), burr and spe-
cial forceps. 

Results

Analyzing and comparing data of addi-
tional diagnostic methods, we received 
following results. According to our da-
ta, ultrasonography was the least infor-
mative method, because of the highest 
number of diagnostic mistakes in iden-
tification of stones, its dimensions and 
localization. Stones less than 1.5 mm 
in diameter was not verified on ultra-
sonography. 

Computer tomography was a 
high-sensitive and accurate diagnos-
tic method for detection of stones, but 
didn’t reflect the soft tissue condition 
and salivary gland, respectively. 
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Results of diagnostic sialendoscopy 
showed a high sensitivity of this method. 

The optics allowed to see stenosis, 
dilatation of ducts, stricture, mucous 
plaques, stones and to estimate their 
characteristics (according to LSD clas-
sification   Marshall F., 2007). 

Figure 5. Endoscopic images: a) stenosis; b) 
sialolith and dilatation, c) mucous plaque, d) 
a purulent content in a duct

In total, we investigated 106 sali-
vary glands with sialolithiasis. In 100 
(94.4%) clinical cases a diagnostic si-
alendoscopy of duct was successful. In 
6 (5.6%) clinical cases the diagnostic 
sialendoscopy was difficult due to the 
stricture in main duct, therefore it was 
impossible to explore distal parts of sal-
ivary gland and estimate the condition 
of duct system. Consequently, it was 
difficult to find and extract the sialolith, 
which was visualized earlier on CT. 

Figure 6. A generalized stricture of the ini-
tial part of duct

In our study we noticed the dif-
ference in practical application of 
sialendoscopes with different diame-
ter. Sialendoscopes with an external 
diameter of 1.6 mm belong to semi-
flexible endoscopes, that promotes a 
simpler management in a duct. One 
of disadvantages is difficulties in in-
sertion to the narrow entrance of sal-
ivary gland duct or passing of duct 
areas with stenosis or stricture. Dif-
ferent dilatators, bougies and endo-
scopic guides were used for entrance 
extension and simple insertion of this 
endoscope through the entrance of 
duct. 

Semiflexible sialoscope diameter 
of 1.1 mm is used for ducts with cica-
tricial changes and expressed stenosis. 
However, based on our experience, it 
should be noticed, that it’s difficult 
to maneuver a flexible sialoscope in 
the channel. In addition, set of tools 
for sialoscope with small diameter is 
presented in much smaller volume, 
thereby the list of indications for ap-
plication is narrowed significantly at 
the diagnostic stage. 

In 100 (94.4%) clinical cases si-
aloliths were found during the di-
agnostic sialendoscopy. In 71 (71%) 
cases we received a full information 
about their size, amount, form, struc-
ture, localization and mobility. In 29 
(29%) cases we received only a partial 
information as the moving of sialo-
scope forward was impossible because 
of large size of the sialolith, expressed 
bending and channel stricture. 

Figure 7. Endoscopic images of sialoliths: a) 
a mobile sialolith; b) a large sialolith behind 
the bending of channel
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It should be noted, that the eval-
uation of sialolith’s dimensions with 
using of endoscope, in our view, has a 
subjective nature, owing to lack of cal-
ibration markers on endoscopic tools. 
In addition, in 29 (29%) cases the si-
alendoscopy was impossible, when the 
sialolith was invisible. 

During the assessment of stone 
structure, were interested in its den-
sity, i.e. the possibility of its crush-
ing. In our experience smooth stones 
with round shape have homogeneous 
and solid structure, therefore there are 
some difficulties in its crushing. Only 
friable stones with uneven surface can 
be crushed with forceps or burr.  

Figure 8. Endoscopic images of sialoliths: 
a) a solid homogeneous sialolith with round 
shape; b) a friable sialolith with uneven sur-
face

In 48 (48%) of 100 clinical cases 
there were mobile sialoliths with a di-
ameter of 5 mm, round shape and sol-
id structure. Sialoliths up to 2.5 mm 
freely f loated along the duct, larger 
sialoliths had a limit of mobility in ex-
tended part of the duct. It should be 
noted, that in 2 (2%) clinical cases we 
found small concrements, with a diam-
eter of 1 mm, lying in the thickness of 
the duct, which were invisible neither 
on CT nor on ultrasonography. They 
didn’t cause the obstruction of a duct 
and were easily removed by the tool 
with a erosive surface of the duct after 
removing.  

In 23 (23%) clinical cases we found 
immobile sialoliths, from 4 to 8 mm 
in diameter, with using of sialendo-

scope. These sialoliths were localized 
in the main duct and almost completely 
blocked this duct. However, we guid-
ed the sialoscope behind them and 
estimated completely the sialolith and 
distal parts of the duct. A fixation of si-
aloliths to a duct wall was caused with 
a big size of sialolith from 6 to 8 mm in 
diameter in 15 cases and a stricture of 
the duct – in 8 cases. 

In other 29 (29%) clinical cases stones 
were partially visualized, due to the large 
size, an irregular shape and also the lo-
calization in soft tissue of salivary gland 
behind sites of stenosis or an expressed 
bending of the duct. Therefore it was 
impossible to estimate their characteris-
tics. According to CT data, the size of 
sialoliths was from 5 to 31 mm. Also, 
it should be noted that multiple sialoli-
thiasis was in 4 clinical cases. In these 
cases we could see the stone, using the 
sialoscope, which completely blocked 
the salivary duct. So it was impossible 
to guide the sialoscope for inspection of 
distal part of duct and other sialoliths, 
located behind it. In such cases a full di-
agnosis was possible in case of successful 
extraction of the sialolith. 

Combining all data about sialoliths 
we structured it according to LSD clas-
sification F. Marshall (2003) in table 1.

Figure 9. Small concrements, lying in the ep-
ithelial layer of a duct wall
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Results of diagnostic sialendosco-
py of ductal system showed that in 24 
(24%) clinical cases a sialolithiasis was 
without any changes in ductal system. 
These features are typical for floating 
and small stones in parenchymatous 
tissue of the salivary gland.

Inflammation of the duct at sialo-
lithiasis was in 76 (76%) clinical cases, 
at the same time in 44 (57.2%) cases – 
local sialodochitis in location of stone, 
and in 32 (42.1%) – in form of poured 
duct inflammation. 

In all cases after detection of sialolith 
we tried to remove it using endoscopic 
equipment. In total, from 100 clinical 
cases, 71 (71%) attempts of endoscopic 
removal of stones were successful.

In 29 (29%) clinical cases sialoliths 
were removed using wire basket or for-
ceps without soft tissue damage. It was 
mobile stones, up to 2.5 mm in diame-
ter, classified as L1. 

Figure 10. Sialolith is trapped using wire 
basket

In 19 (19%) clinical cases stones 
were removed the same way, but with 
additional papillotomy. It was mobile 
stones, rounded shape, with a smooth 
surface, from 2.5 to 5 mm in diameter, 
also classified as L1. They were trapped 
and carried out through a channel using 
wire baskets or forceps, but did not pass 
through the mouth of a channel with-
out incision.

Figure 11. Endoscopic removing of stone 
with papillotomy 

The method of endoscopic crushing 
and removing of stones was successful 
only in 3 (10.7%) clinical cases, although 
the attempt of crushing was in 28 cases. 
As it was stated above, we used a hand 
burr or forceps. The burr can slide off 
a stone surface, damaging a duct wall. 
Forceps was also ineffective as the force 
of ramus of forceps was insufficient for 
crushing solid stones. 

In 23 (23%) clinical cases sialoliths 
were removed by the method of endo-
scopic-assisted ductotomy. These con-
crements, 4-8 mm in diameter (L2), 
had an irregular shape and blocked in 
the main duct. For extraction such sia-

Table 1. A distribution of removed sialoliths, according to LSD classification F. 
Marshall (2003). 

Size,
mm.

Mobility Licalization Visualization Patients 

yes no The main duct Parenchyma full partial

L1 1-5 48

L2 4-8 23

L3 7-31 20

L3 3-5 9
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loliths, the endoscope fixed directly on 
a stone localization, using a translumi-
nescent in an oral cavity. Then ductoto-
my and stone removal were performed. 

In 29 (29%) clinical cases attempts 
of endoscopic removal of concrements 
were unsuccessful. It was the immobile 
stones, partially visible and located in-
side the part of salivary gland behind the 
site of a bending or stenosis (L3a, L3b). 
The attempt of trapping and removing 
it with using of endoscopic equipment 
was unsuccessful. We recommended 
these patients the operation with using 
of traditional methods.

Conclusion 

Summing up the results, we consid-
er that the sialendoscopy provides the 
unique information, which is inaccessi-
ble to any other methods, and plays an 
important role in choosing a method of 
treatment. For this reason, we consider 
that the sialendoscopy has to be used as 
a standard method of diagnosis of sia-
lolithiasis. 

However, the sialendoscopy, as a 
diagnostic method, is not informative, 
e.g. in cases of large sialolith, multiple 
sialolithiasis or stricture of a duct. This 
method doesn’t exclude other diagnos-
tic methods, such as radiology.

Analyzing results of endoscopic ex-
traction of stones, we come to a conclu-
sion that it is effective for mobile sialo-
liths, up to 5 mm in diameter, classified 
as L1 (F. Marshall). 

In immobile sialoliths, 4-8 mm in 
diameter, which are localized in the 
main duct, classified as L2, endosco-
py can use only as an assistance during 
ductotomy. It is not obligatory, but fa-
cilitates operation and reduces its injury.

In sialoliths, lying in distal parts be-
hind the bending or strictures (classified 
as L3a and L3b), use of endoscopy has 
no essential reasons and does not influ-
ence a method and result of treatment. 

Thus modern opportunities of a si-
alendoscopy are not boundless, and, 
in our opinion, the sialendoscopy is an 
effective low-invasive method, which is 
necessary for diagnosis and treatment of 
patients with sialolithiasis.
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