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DEAR READERS,
I always follow with keen professional interest what is published in the
«Bulletin of Rehabilitation Medicine», as a point of reference for clinical
and basic research in the sector. The journal not only offers a complete
panorama of what is happening in the Russian Federation, but it also
provides articles by authoritative foreign experts. The topics covered in
this multidisciplinary issue are particularly interesting and original, as there
are few structures globally that deal with clinical research in the field of
medical rehabilitation in cardiology in such a complete and integrated way,
especially in its interconnections with the long-COVID-19 period.
The journal also displaces professional graphics that makes it easy and
pleasant to read. My warmest congratulations to the editorial staff for their
the important work and contribution in preparation of this issue.
Sincerely,
Member of the Editorial Board,
President of «FEMTEC»
(World Federation of Hydrotherapy and Climatotherapy),
Director WHO Collaborating Center for Integrative Medicine
at the State University of Milan
Professor,
Umberto Solimene

УВАЖАЕМЫЕ ЧИТАТЕЛИ!
Я всегда с большим профессиональным интересом слежу за тем, что публикуется в «Вестнике восстановительной медицины», который является ориентиром для клинических и фундаментальных исследований в этой отрасли. Журнал не только дает полную панораму происходящего в Российской
Федерации, но и предлагает статьи авторитетных зарубежных экспертов. Темы, затронутые в этом междисциплинарном выпуске, особенно интересны и оригинальны, так как существует не так много структур в мире, в которых клинические исследования в области медицинской реабилитации в кардиологии
рассматриваются настолько полно и комплексно, в том числе во взаимосвязи с периодом постковидного синдрома (long-COVID-19).
Журнал также отличается профессиональным графическим оформлением, благодаря чему его легко
и приятно читать.
От всей души поздравляю сотрудников редакции журнала по случаю завершения столь важной
работы в подготовке данного номера и благодарю их за столь весомый вклад.
С уважением,
Член редакционной коллегии журнала,
Президент «FEMTEC»
(Всемирная федерация водолечения и климатолечения),
директор «Сотрудничающий центр ВОЗ
по интегративной медицине»
Миланского государственного университета
профессор,
Умберто Солимене
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Lungs Ultrasound in SARS-Cov-2 Diagnostics: a Prospective
Comparative Study of 30 Patients with COVID-19 Pneumonia
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COVID-19: новые методы, актуальные рекомендации
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ABSTRACT
INTRODUCTION. Lung ultrasound has been widely used to diagnose bacterial pneumonia, pulmonary congestion in heart failure,
pneumo- and hydrothorax, and other pathological conditions. With the onset of the COVID-19 pandemic, the need for various methods
of lung imaging has dramatically increased.
AIM. To estimate the value of lung ultrasound in the diagnosis and severity assessment of COVID-19.
MATERIAL AND METHODS. Patients with a positive PCR test result for SARS-Cov-2 were included and divided into a moderate, severe,
or critical severe group. There were 30 patients involved. All the patients underwent clinical assessment, complete blood count, biochemical blood profile, pulse oxymetry, bedside lung ultrasound, and chest CT scan. To evaluate LUS findings thorax into 16 lung
regions and each of these areas was quantitatively scored and summed up in total LUS score. A total severity score for chest CT was
compared with the total LUS score.
RESULT AND DISCUSSION. All patients had positive LUS findings, as well as positive CT findings. Most common lung ultrasound findings were the following: subpleural consolidations (100.0%, 30/30), large consolidations (73.3%, 22/30) and an irregular pleural line
(43.3%, 13/30). A higher total lung ultrasound score was seen in patients with a more severe course of illness and a larger number of
lung areas affected; they were older and had a significantly higher incidence of comorbidities and lower SpO2. Spearman correlation
coefficient revealed a statistically significant correlation between CT chest scan and lung ultrasound – rs=.52, p= 0.003011.
CONCLUSION. During the COVID-19 pandemic, lung ultrasound is a great tool for assessing lung tissue in patients with varying severity
of the disease. The advantages of the method are accessibility, ease of implementation and the absence of radiation exposure.
KEYWORDS: COVID-19, pneumonia, SARS-CoV-2, computer tomography
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УЗИ легких в диагностике SARS-Cov-2:
проспективное сравнительное исследование 30 пациентов
с COVID-19
Рачина С.А.*1, Стрелкова Д.А.1, Кабельо Монтойа Ф.Э.2, Зоря О.Т.2, Сафарова А.Ф.2,
Арютина О.В.3, Груздев С.К.2, Младов В.В.4
Первый Московский государственный медицинский университет им. И.М. Сеченова, Москва, Россия
Российский университет дружбы народов, Москва, Россия
3
Городская клиническая больница им. В.В. Виноградова, Москва, Россия
4
Санкт-Петербургский государственный университет, Санкт-Петербург, Россия
1
2

РЕЗЮМЕ
ВВЕДЕНИЕ. УЗИ легких широко использовалось для диагностики бактериальных пневмоний, легочного застоя при сердечной
недостаточности, пневмо- и гидроторакса, и других патологических состояний. С началом пандемии COVID-19 многократно возросла необходимость в различных методах визуализации легочной ткани.
ЦЕЛЬ. Анализ возможности использования УЗИ легких в диагностике и оценке тяжести COVID-19.
МАТЕРИАЛ И МЕТОДЫ. Критерием включения было наличие пневмонии, вызванной SARS-Cov-2, подтвержденной ПЦР. Пациенты были разделены на группы по тяжести течения (средней тяжести, тяжелое и крайне тяжелое). Было включено 30 пациентов. У всех пациентов проводились клиническая оценка, общий анализ крови, биохимический анализ крови, пульсоксиметрия,
УЗИ легких, компьютерная томография органов грудной клетки. При оценке результатов УЗИ область грудной клетки разделялась на 16 зон, состояние каждой из которых было оценено количественно, результат был суммирован. Полученный результат
был сравнен с суммарным баллом поражения по данным компьютерной томографии органов грудной клетки.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. У всех включенных пациентов выявлялось поражение легких как по УЗИ, так и по компьютерной томографии органов грудной клетки. Самыми частыми находками по УЗИ были следующие: субплевральные консолидации
(100%, 30/30), крупные консолидации (73,3%, 22/30) и неровность плевральной линии (43,3%, 13/30). Более высокий балл поражения по данным УЗИ наблюдался у пациентов с более тяжелым течением, большим объемом поражения легких, а также эти
пациенты были старше и у них была более низкая сатурация и больше сопутствующих заболеваний. Коэффициент Спирмена
показал статистически значимую корреляцию между суммарными баллами поражения по компьютерной томографии органов
грудной клетки и по УЗИ (rs=,52, p= 0,003011).
ЗАКЛЮЧЕНИЕ. В период пандемии COVID-19 УЗИ легких представляет большой интерес для оценки состояния легочной ткани
у пациентов различной степени тяжести течения заболевания. Преимуществами метода является доступность, простота проведения и отсутствие лучевой нагрузки.
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INTRODUCTION
An outbreak of the coronavirus disease 2019 (COVID19) caused an international healthcare crisis, leading to
more than six million deaths by July 2022 [1]. The infective agent, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), mainly targets the respiratory system
with the development of pneumonia and acute respiratory distress syndrome (ARDS) [2]. A positive polymerase
chain reaction test, being highly specific, lacks sensitivity
and takes from several hours to days to be performed [3].
Lung visualization, with a chest computer tomography (CT)
as a gold standard, is crucial for immediate diagnosis and
assessment of the disease severity. Lung ultrasound (LUS),
widely used in respiratory and cardiovascular disease, is
another imaging modality. In the last two decades LUS has
emerged as a very useful tool, not only in intensive care
unit (ICU) patients, but also for evaluation of non-ICU lung

10

pathologies.[4] According to available reports (although
their number is currently limited), LUS has a good diagnostic sensitivity and specificity comparable with chest CT
scans.[5]
Since the early days of the pandemic, several studies have reported the typical LUS patterns of COVID-19
pneumonia [6]. The most common are B-lines, discrete
laser-like vertical hyperechoic artifacts arising from the
pleural line to the bottom of the screen without fading,
and moving together with the lung sliding. These are the
signs of the sonographic interstitial syndrome, which was
described in different diseases, including cardiogenic
pulmonary edema, interstitial lung diseases, infections,
ARDS, etc. [7]. Subpleural and pulmonary consolidations,
pleural effusions, and abnormalities of the pleural line
were also found [6].
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AIM
To estimate the value of LUS in the diagnosis and
severity assessment of COVID-19 and to compare LUS with
chest CT. We also provide a case report, so as to show the
sequential LUS findings in the progression of COVID-19
pneumonia together with the clinical, laboratory and chest
CT findings.

Svetlana A. Rachina ET AL. | Original article

MATERIAL AND METHODS
We conducted a pilot study to examine the correlation
between LUS findings with chest CT scans and, thus, to
evaluate possibility of LUS as a safe bedside alternative
in assessing the severity of COVID-19 pneumonia. This
study was approved by the local ethics committee of
V.V. Vinogradov City Clinical Hospital (Ethics Approval
Letter number N3; dated: 09.07.2020). The study involved
patients with a positive PCR test result for SARS-Cov-2,

who signed the informed consent form and lasted
from May, 2020 until June, 2020. All the patients were
classified according to the severity of the disease into
a mild, moderate, severe or critically severe group. No
negative controls were included in this study. During
the hospitalization, all the patients underwent a clinical
assessment, a complete blood count, a blood chemistry
analysis, a pulse oxymetry, a bedside LUS and a chest CT
scan. LUS was performed by the same US system (Vivid iq
system (GE, Healthcare, USA) with a convex probe (3,5-5
MHz). A modified Gargani L., et al [8] protocol was used to
evaluate our LUS findings: we divided thorax into 16 lung
regions and each of these areas we quantitatively scored
and summed up in the total LUS score. The scanning
technique and scoring system are shown in Figures 1, 2. We
also calculated a total severity score (TSS) [9] for each chest
CT to compare with the total LUS score.

Fig. 1. LUS: 16 scanning areas of left (L1-L8) and right (R1-R8) lungs. PS – parasternal line; AA – anterior axillary line; MA –
midaxillary line; PA – posterior axillary line; PS – paraspinal line; CM – costal margin

Fig. 2. LUS: scoring system
COVID-19: New Methods, Relevant Recommendations
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The statistical analysis was performed using SPSS
software (version 21.0, IBM). Quantitative variables were
expressed as median [IQR25; IQR75]. All categoric variables
were expressed as counts and percentages. We used Spearman correlation coefficient to see whether LUS changes
could predict chest CT findings; p values < 0.05 were

considered statistically significant. Our study population
comprised 30 patients (17 males; median [IQR25; IQR75]
age 52 [44;70] years). Table 1 summarizes the baseline clinical characteristics of the patients. Most of the patients
(15/30) were classified as those with a severe form of the
disease.
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Table 1. Baseline clinical characteristics of the patients with COVID-19 pneumonia stratified by LUS severity score
Variables

Total population,
n=30

LUS score
Moderate (n=8)

Severe (n=15)

Critical (n=7)

Demographic Data
Age, year

52 [44;70]

46.5 [40.3;60]

54 [44.5;64.5]

51 [45.5;74.5]

Males, n (%)

17 (57)

5 (62.5)

8 (53)

4 (57)

BMI, kg/m2

29 [26,9;32,7]

27.5 [25.2;28.8]

31.7 [29.3;35.9]

27.1 [24.5;31.2]

Temperature, °C

37.8 [37.2;38.5]

37.5 [36.9; 38.5]

38.4 [37.6; 38.8]

37,6 [36.9;38.0]

SpO2 (%)

92 [91;94]

94 [93;94]

92 [91;94]

90 [88;92]

Comorbidities
Hypertension, n (%)

17 (57)

5 (63,5)

9 (60)

3 (43)

Diabetes, n (%)

4 (13)

0 (0)

2 (13)

2 (28)

Coronary artery disease, n (%)

4 (13)

1 (12,5)

2 (13)

1 (14)

Congestive heart failure, n (%)

4 (13)

1 (12,5)

1 (7)

2 (28)

Chronic kidney disease (C3a
and higher), n (%)

3 (10)

1 (12,5)

1 (7)

1 (14)

Instrumental Values
CT stage

2 [2;2]

2 [1;2]

2 [2;2]

2 [2;3]

CT score

7 [6;8]

6.5 [4.5;7.3]

7 [6;8]

9 [7.5;10.5]

LUS score

26.5 [19.3;30]

14.5 [13,5;15,3]

27 [23.5;28]

34 [33.5;35.5]

Laboratory Values
Lymphocytes

1.05 [0.7;1.4]

1.45 [1.13;1.85]

1.1 [0.7;1.15]

0.7 [0.6;0.7]

СRP, mg/L

79.1 [52.7;108.6]

32.8 [8.4;81]

79.5 [59.4;111.5]

95.4 [79.2;141.4]

D-dimer, ug/L

226.5 [117.5;494]

122.5 [66.5;137.3]

189 [114;525.5]

482 [305;743.8]

Outcomes
Discharge, n (%)

20 (67)

8 (100)

12 (79)

0 (0)

Additional oxygen
supplementation, n (%)

4 (13)

0 (0)

1 (7)

3 (43)

Transfer to ICU, n (%)

4 (13)

0 (0)

1 (7)

3 (43)

Death, n (%)

2 (7)

0 (0)

1 (7)

1 (14)

Note: Data are n (%), Median [IQR]. IQR, interquartile range; BMI, body mass index; CRP, C-reactive protein

RESULTS AND DISCUSSION
All 30 patients had positive LUS findings, as well as positive CT findings. The most common LUS findings were
the following: subpleural consolidations (100.0%, 30/30),
large consolidations (73.3%, 22/30) and an irregular pleural
line (43.3%, 13/30). A higher total LUS score was observed
in patients with more a severe course of the disease and
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a larger number of lung areas affected; they seemed to be
older and had a significantly higher incidence of comorbidities and lower SpO2. Spearman correlation coefficient
revealed a statistically significant correlation between the
CT chest scan and LUS – rs=.52, p= 0.003011. During hospitalization 1 severe and 1 critical patient with high LUS score
died.
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Case Presentation
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A 34-year-old male patient, with no relevant medical
history, was admitted to hospital with fever (up to 39.5°C),
cough, and progressing fatigue for the past 3 days. He
had undergone a maxillary sinusotomy due to chronic
sinusitis 2 weeks earlier, and had been taking amoxicillin/
clavulanic acid for 10 days. For 2 days he was taking
hydroxychloroquine and levofloxacin on the assumption
that he had contracted SARS-CoV-2.

On admission his body temperature was 38.3°C, the
blood pressure was 120/80 mm Hg, with a pulse rate of 86
beats/min, the respiratory rate was 18/min and the oxygen
saturation was 98%. Blood tests were unremarkable.
A chest CT was performed, revealing bilateral peripheral
ground-glass opacities, a typical radiological picture of
COVID-19 infection. The progression of pneumonia on CT
is demonstrated in Figure 3.

Fig. 3. Chest CT findings. Lower pictures show TSS and the extent of involvement of each of 5 lung lobes, scored as 0 (0%), 1
(1–25%), 2 (26–50%), 3 (51–75%), or 4 (76–100%)
A – Several irregular rounded ground-glass opacities are seen in both lungs;
B – The disease progressed, with the elevated number, range, and densities of the lesions. Ground-glass opacities were
superimposed with intralobular reticulations resulting in a crazy-paving pattern;
C – Further progression with increased density of lesions up to consolidations is seen
Subsequently, COVID-19 was confirmed by a positive
reverse transcription polymerase chain reaction assay for
SARS-CoV-2 in a nasopharyngeal swab. The urine samples
for soluble antigens of Legionella pneumophila serogroup
1 and Streptococcus pneumoniae and sputum culture were
negative.

COVID-19: New Methods, Relevant Recommendations

Hydroxychloroquine was canceled because of severe
nausea. Prophylaxis of thrombotic complications with
enoxaparin was initiated (4 000 IU daily). On Day 2, the
patient started taking favipiravir at a loading dose of 1600
mg, followed by 600 mg twice daily. He was also treated
with paracetamol 500-1000 mg daily, as the circumstances
required. The symptoms, clinical and laboratory findings
and treatment are summarized in Table 2.
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Table 2. Clinical Course
Day of hospitalization

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Lung Visualisation
Chest CT severity score

3

8
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LUS severity score

8

15

34

34

33

Clinical Findings
SpO2, on air, %

91

92

92

93

93

SpO2 (on low-flow O2), %

95

97

96

96

96

Low-flow O2 rate, L/min

5

5

5

5

3

Body temperature, °C

98

38.3

98

98

98

97

96

96

95

96

96

37.6 38.4 39.0 38.5 38.0 38.5 38.0 38.0 37.5 37.0 36.6 36.6 36.6 36.6

96

36.6

Laboratory findings
Reference range
HBG

130-160, g/L

130

129

123

119

122

117

NEU

2-5, 1000/μL

1,5

1,5

1,9

2,2

2,4

4,2

PLT

180-400, 1000/
μL

227

206

164

143

333

423

LYM

1.2-3, 1000/μL

1.2

1.8

0.9

0.4

1.2

1.3

CRP

0-5 mg/L

9

10

28

66

108

Albumin

35-52 g/L

49

34

34

LDH

0-248 U/L

361

1110

ALT

0-50 U/L

42

39

64

696

641

554

430

372

AST

0-50 U/L

24

27

51

645

500

383

208

135

Ferritin

20-250 mcg/L

D-dimer

0-250, ng/mL

623
33

21

110

51

15

31

32

32

916

687

673

743

371

548

712

355

138

180

274

50

612

725

339

269

16

759

Treatment
Favipiravir

+

+

+

Enoxaparin

+

+

+

+

+

Paracetamol

+

+

+

+

+

+

+

+

Prednisolone

+

+

+

+

+

+

+

+

Diclofenac

+

+

+

+

Ademetionine

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Note: SpO2 – oxygen saturation; HBG – hemoglobin; NEU – neutrophils; PLT – platelets; LYM – lymphocytes; CRP – C-reactive protein; LDH –
lactate dehydrogenase; ALT – alanine aminotransferase; AST – aspartate aminotransferase

On Day 3, the patient complained of mild shortness
of breath, although his oxygen saturation remained
97-98%. The first lung ultrasound was performed, showing
coalescent B-lines up to white lung pattern in the posterior
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right lung and big consolidations in the basal area of the
left lung. Figures 4A and 4B show progressive LUS findings
in all areas of both lungs.
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Fig. 4A. LUS findings: Right lung. Subpleural and pulmonary consolidations are marked with circles. LUS score is indicated in
the upper right corner of each picture
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Fig. 4B. LUS findings: Left lung. Subpleural and pulmonary consolidations are marked with circles. LUS score is indicated in the
upper right corner of each picture
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Doppler makes up an extended ultrasound protocol [19,
20], able to evaluate cardiac and thrombotic complications of COVID-19. LUS can be an opportunity to avoid
radiation exposure in pregnant women with COVID-19
[21]. It was also used in a follow up of the convalescents
during their rehabilitation period [22]. Post-mortem studies
have showed most of pulmonary lesions in patients with
COVID-19 start in subpleural regions and are characterized
by oedema, alveolar damage, interstitial thickening and
consolidation [23] and most of such lesions located subpleurally [24]. Therefore, LUS can identify such pulmonary
lesions in a timely and sensitive manner. Most patients in
our study showed bilateral and subpleural involvement
with large consolidations, which is consistent with chest
CT features reported in previous studies [25]. The patients
in our cohort also demonstrated the irregular pleural line
(43.3%, 13/30) on LUS. These imaging features characterized in our study are similar to those reported in the previous studies targeting the patients with COVID-19 [26].
Although, as compared with other reports, we have not
reached a very strong correlation coefficient, in contrast to
similar studies [27, 28]. This may be due to the fact that this
method highly depends on disease severity, pre-existing
lung disease, experience of the operator, has low inter-operator agreement, non-specificity of ultrasound findings
that should be considered during a differential diagnosis
[29] and potentially, the most important factor is that there
is a lack of the standardized protocol for LUS assessment
of patients with COVID-19 pneumonia (lack of unifying
definitions and discrepancies in the reporting of different
lung abnormalities, inability to properly report the extensiveness of LUS findings (both lung areas involved and LUS
score) that limits comparison of findings across different
studies [30]. As mentioned before, B-lines, a typical COVID19 pattern, are seen in many diseases, most importantly,
heart failure and other forms of pneumonia, especially viral
[7]. Also worth mentioning, that all the current studies [5,
10-19, 22] were conducted during a period of extremely
high COVID-19 prevalence and that fact could influence
specificity and sensitivity of the method. Similar limitations
were also found in meta-analyses of LUS in the diagnosis
of pneumonia [31]. Another limitation is that our study
was a single-centre study with a relatively small sample
size, which could limit the generalizability of our findings.
Therefore, further multi-centre studies with a larger sample
size are needed to assess the prognostic value of the LUS
score in patients with COVID-19.
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He developed mild lymphocytopenia, thrombocytopenia, anemia, and C-reactive protein elevation. By Day 5,
he began to desaturate while walking to 93%. The fever
persisted, the inflammatory markers increased, and the
repeated chest CT showed increased areas of ground-glass
opacities, involving about 30% of the lung tissue on both
sides. His condition was complicated by toxic hepatitis with
alanine aminotransferase and aspartate aminotransferase
levels of 696 and 645 U/L accordingly, probably caused by
favipiravir. Favipiravir and paracetamol were discontinued,
while ademetionine was initiated.
On Day 6, his on-air oxygen saturation lowered to 91%
and low-flow oxygen therapy (5 L/min) was started. LUS
was repeated, showing abnormal LUS patterns spread to all
areas of the lungs, mostly B lines with multiple subpleural
consolidations. As the hypoxia and inflammation increased,
prednisolone 30 mg twice daily was added to the therapy
for 3 days.
His condition improved, the fever subsided and the
inflammatory markers and the liver enzymes decreased.
By Day 11, supplemental oxygen was discontinued and he
was able to maintain the oxygen saturation at 96%. LUS on
Day 11 showed the formation of the big consolidations in
the basal areas of the right lung.
On Day 15, he was discharged from the hospital with
the oxygen saturation at 96% and fatigue as the only
remaining complaint. He was scanned at discharge and the
right lung consolidations became smaller, while, on the left
side, new consolidations appeared in the basal areas. Two
months later, he came to a follow-up visit and LUS revealed
no abnormalities, except for a small pleural line irregularity
and some thickening in the basal areas of both lungs.
During the COVID-19 pandemic, hospitals face
immense challenges in terms of staff, time and equipment.
LUS is a cheap, quick, feasible and non-invasive visualization method with no exposure to radiation. It appears to
be a more sensitive diagnostic option than X-ray [10] and
its findings correlate with chest CT [11]. The severity of LUS
abnormalities predicts admission to intensive care unit
[12], the need for invasive mechanical ventilation [13] or
extracorporeal membrane oxygenation [14] and death [12,
13].
The current study shows that the ability of LUS to
detect abnormalities in patients with COVID-19 is high and
comparable to that of chest CT. Although chest CT provides the best possible imaging of COVID-19 pneumonia,
there are certain clinical situations, when the use of LUS
can offer additional benefits. In case a mild form of the
disease, to avoid excessive use of CT, LUS can be an alternative for screening of pneumonia [15]. Portable devices
allow performing LUS in cases of home confinement [16]. It
can also be used at admission, to quickly separate patients
with possible SARS-CoV-2 infection from other causes of
respiratory failure [17]. Another possible application is
the progression control of COVID-19 pneumonia in critically ill patients, when LUS allows to monitor changes of
lung tissue involvement on a daily basis [18, 19]. LUS combined with echocardiography and lower extremity venous

CONCLUSION
Imaging plays an important role in the diagnosis of
COVID-19 and other lung pathology, and LUS is one of
the available options for visualisation. Lung ultrasound
is a non-invasive, rapid, cheap, repeatable, and sensitive
bedside method to detect a wide range of pulmonary
pathologies, as well as some others. LUS may be very
useful for portable imaging, when CT is not available, for
the patients’ triage on admission and for monitoring the
evolution of pulmonary lesions in critically ill patients.
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ABSTRACT
AIM. To evaluate the expected effectiveness of post-COVID rehabilitation strategies.
MATERIAL AND METHODS. The study was conducted August, 2021 – March, 2022 in the republican and federal rehabilitation centers:
Krasnodar Territory (n=25), the Republic of Buryatia (n=25), and Moscow (n= 25). The data were obtained by a retrospective analysis
of medical records and by interviewing the study participants who had an indication or had been treated in a rehabilitation centre for
post-acute COVID-19 syndrome (U 09.9). The average length of time after the onset of the acute period of the disease was 6.5 ± 2.5
months. A prognostic model was constructed to estimate the expected effectiveness of the rehabilitation programme, as measured by
a reduction in the severity of dyspnea. Nonlinear maximum likelihood logit regression was used to build the model.
RESULTS AND DISCUSSION. According to the presented model, the best expected rehabilitation effectiveness was found in the
National Medical Research Center (Moscow) (β=-1.788685, p=0.009964604), a slightly lower expected rehabilitation effectiveness was
observed in the resort with a curative climate (Krasnodar Territory) (β=0.9913501, p=0.182944), the lowest expected effectiveness
was registered in the regional rehabilitation center (the Republic of Buryatia) (β=1.054594 p=0.2642723). The need for an integrated
approach in the treatment of patients with post-acute COVID-19 syndrome was pointed out by many domestic and foreign researchers, however, the choice and content of treatment strategies is debatable. Our study provides a preliminary answer to this question.
CONCLUSION. The developed model of the expected effectiveness of the rehabilitation of patients suffering from shortness of breath
after undergoing COVID-19 has a specificity of 54.54%, sensitivity of 91.3% and an overall accuracy of 84.21%. The best expected rehabilitation effectiveness was found in the National Medical Research Center of Rehabilitation and Balneology of the Ministry of Health
of the Russian Federation (Moscow) (β=-1.788685, p=0.009964604), somewhat lower in the resort with a curative climate (Krasnodar
territory) (β=0.9913501, p=0.182944), the lowest expected efficiency was registered in the regional rehabilitation center (the Republic
of Buryatia) (β=1.054594 p=0.2642723).
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Модель эффективности реабилитационных программ:
ретроспективное сравнительное исследование пациентов
с постковидным синдромом

Национальный медицинский исследовательский центр реабилитации и курортологии, Москва, Россия
Московский государственный медико-стоматологический университет им. А.И. Евдокимова, Москва, Россия

1
2

РЕЗЮМЕ
ЦЕЛЬ. Оценить ожидаемую эффективность стратегий реабилитации постковидного синдрома.
МАТЕРИАЛ И МЕТОДЫ. Исследование проводилось в период с августа 2021 года по март 2022 года, на базе Региональных
(Краснодарский край (n=25), Республика Бурятия (n=25), и Федерального реабилитационных Центров (г. Москва) (n=25). Данные получены путем ретроспективного анализа историй болезни и опроса участников исследования, которые имели показания
или проходили лечение в реабилитационном центре в связи с постковидным синдромом (U 09.9). Средняя продолжительность
времени после начала острого периода заболевания составила 6,5± 2,5 месяцев. Степень выраженности одышки оценивалась
по шкале Борга. Была построена прогностическая модель, оценивающая ожидаемую эффективность реабилитационной программы по уменьшению выраженности одышки. Для построения модели использовалась методика нелинейной логит-регрессии методом максимального правдоподобия.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Согласно, представленной модели наилучшая ожидаемая эффективность реабилитации выявлена в ФГБУ «Национальный медицинский исследовательский центр реабилитации и курортологии» Минздрава России (г
Москва) (β=-1,788685, p=0,009964604), несколько меньшая ожидаемая эффективность реабилитации наблюдалась в условиях
курорта, обладающего лечебным климатом (Архипо-Осиповка, Краснодарский край) (β=0,9913501, p=0,182944), наименьшая
ожидаемая эффективность зарегистрирована в региональном реабилитационном центре (республика Бурятия) (β=1,054594
p=0,2642723). На необходимость комплексного подхода в лечении больных с постковидным синдромом указывали работы многие отечественные и зарубежные исследователи, однако выбор и содержание стратегий лечения дискутабелен. Наше исследование даёт предварительный ответ на данный вопрос.
ЗАКЛЮЧЕНИЕ. Разработанная модель ожидаемой эффективности реабилитации пациентов с постковидным синдромом обладает специфичностью – 54,54%, чувствительностью – 91,3%, общей точностью – 84,21%. Наилучшая ожидаемая эффективность
реабилитации выявлена в Национальном медицинском исследовательском центре реабилитации и курортологии Минздрава
России (г. Москва) (β=-1,788685, p=0,009964604), несколько меньшая в условиях курорта, обладающего лечебным климатом
(Краснодарский край) (β=0,9913501, p=0,182944), наименьшая ожидаемая эффективность зарегистрирована в региональном
реабилитационном центре (Республика Бурятия) (β=1,054594 p=0,2642723).
КЛЮЧЕВЫЕ СЛОВА: постковидный синдром, реабилитация, реабилитационные программы, стратегии лечения, одышка
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INTRODUCTION
Treatment of post-acute COVID-19 syndrome has
placed a heavy burden on national health care, requiring
a more rational use of allocated funds and decision-making management [1-6]. For this purpose, it was necessary
to construct a model of the expected effectiveness of rehabilitation depending on the type of institution and the
range of techniques employed. To date, the new coronavirus infection pandemic (COVID-19) has affected more
than 523 million people and caused more than 6 million
deaths since 17 May 2022 1. A large proportion of the
patients infected with SARS-COV-2 does not fully recover
and continues to experience a large number of symptoms

in the absence of a diagnosable viral infection. This condition has been called post-acute COVID-19 syndrome
(Long-COVID-19) [7]. The prevalence of post-acute COVID19 syndrome among outpatients and hospitalized patients
ranges from 68.7% to 77.1% [8-10]. Researchers have identified clusters of patients [11] who have different symptomatology, rehabilitation potential and require different rehabilitation interventions [12, 13].
In a study of the evolution of patients with post-acute
COVID-19 syndrome and the impact of the rehabilitation
process 3 and 6 months after the acute phase of COVID19, Spanish researchers found that respiratory and mobility complications were partially reversible after 3 months

COVID-19 Data Repository by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University. Available at: https://github.com/
CSSEGISandData/COVID-19 (accessed 18.05.2022).
1
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of the rehabilitation treatment [14]. Another group of
researchers studying a cohort of patients hospitalized with
COVID-19 showed that their functional scores improved
from 2-6 weeks to 18 weeks of the follow-up [15].
However, in a study of 1,137 French patients hospitalised during the acute phase of COVID-19, a quarter of the
patients were described as having three or more persistent
symptoms after six months and persistent disability in 29%
of patients. [16]. Similar information comes from our Chinese colleagues, reporting data on 20 patients (24%) with
persistent symptoms and radiological changes one year
after hospital admission [17].
Of the entire range of symptoms of post-acute COVID19 syndrome, dyspnea is the most common, with its frequency and impact on major life activity categories, and
its association with abnormalities in respiratory function
[8, 11, 12, 18], being the most detrimental to exercise tolerance and quality of life [12, 19]. The pathogenesis of
dyspnea in this condition is complex and may have a pulmonary component due to impaired gas exchange after
pneumonia [20], damage to the central nervous system
[21], vegetoasthenic and phobic disorders [22], consequences of previous myocarditis [22, 23], and damage to
vegetative regulation of breathing and the receptor system
[5]. In view of the above, it is practically important to identify the rehabilitation method that reduces the severity of
dyspnea to the greatest extent.
There is an active discussion in the professional community about the role and effectiveness of rehabilitation in
institutions with different methodologies: 1) Rehabilitation
in the patient's residential area; 2) Rehabilitation in a spa
environment that enables the use of local natural healing
resources; 3) Rehabilitation provided by a national scientific medical centre with state-of-the-art equipment and
considerable human resources. Estimating the expected
effectiveness of rehabilitation has a great importance for
evidence-based management decisions and the rational
use of funds allocated for the rehabilitation of patients with
post-acute COVID-19 syndrome.
Rehabilitation of patients in regional rehabilitation centers at the place of their residence does not cause additional adaptation stress when the patient moves to another
region, is the most accessible and requires less financial
investment.
Rehabilitation of patients in climatic and balneological
resorts enables the use of the powerful potential of natural
healing factors, gives impetus to mechanisms of sanogenesis, but imposes a significant adaptation load on the organism of a patient weakened by a serious illness, arriving for
treatment in a contrasting climatic zone.
Treatment at the National Medical Research Centre
combines medicinal and non-medicinal methods of treatment, modern physiotherapy and the use of natural healing factors. Highly qualified staff and diagnostic facilities
enable a fully multidisciplinary approach to be used, which
has proved highly effective [5, 24-27].
To develop healthcare tactics for the treatment of
patients with post-acute COVID-19 syndrome, a number
of researchers have attempted to use predictive scales and
models of the course of post-acute COVID-19 syndrome

[28, 29] to create more effective rehabilitation programmes
that take into account a multidisciplinary approach to
treatment [24, 25]. At the same time, these models did
not take into account the experience of rehabilitation of
patients in different types of institutions and could not
serve as a basis for management decisions, which required
the development of a model for estimating the expected
effectiveness of rehabilitation depending on the type of
institution in order to solve this practical problem.
AIM
To evaluate the expected effectiveness of post-acute
COVID-19 syndrome rehabilitation programmes.
MATERIAL AND METHODS
The study was conducted from August, 2021 until
March, 2022 and involved 114 people from regional, republican and federal rehabilitation centers: Krasnodar Territory
(n=34), the Republic of Buryatia (n=56) and Moscow (n=
25).
The data were obtained by a retrospective analysis of
medical records and by interviewing the study participants,
who had signed an information consent form. All the interviewees were over 18 years of age, had had PCR-confirmed
SARS-COV-2 and had an indication or had been treated in
a rehabilitation centre for post-acute COVID-19 syndrome
(U 09.9)1 [12, 30]. The study was supported by the Independent Ethics Committee of the Federal State Budgetary Institution National Medical Research Center of Rehabilitation
and Balneology of the Ministry of Health of Russia (protocol No. 6 of 26.07.2021). The groups were comparable by
sex, age, degree of lung damage and rehabilitation routing scale scores. The average length of time after the onset
of the acute period of the disease was 6.5 ± 2.5 months.
The survey was conducted retrospectively by the same
interviewer. The patient was asked to provide information
about the severity of the breathlessness and the health
care institution, where the patient had received rehabilitation. The severity of dyspnea was assessed using the Borg
scale. A prognostic model was constructed to estimate the
expected effectiveness of the rehabilitation programme, as
measured by a reduction in the severity of dyspnea. Nonlinear maximum likelihood logit regression was used to
build the model [31].
Binary feature: dyspnea/no dyspnea. The rehabilitation
programmes carried out at the second stage were used as
variables:
1) Regional Rehabilitation Centre (the Republic of Buryatia), where traditional medicine methods were used:
acupuncture, Chi Quong breathing, instrumental physiotherapy: magneto- and laser therapy in the lung root projection, exercise therapy [32-34].
2) In the resort (Arkhipo-Osipovka, Krasnodar Territory),
where climate therapy, balneotherapy, Nauheim baths,
halotherapy, magnetic therapy, inhalation of mineral water,
massage, exercise therapy, Terrainkur were used [32].
3) in the National Medical Research Center of Rehabilitation and Balneology of the Ministry of Health of Russia in
Moscow, where aqua training in a pool with fresh and mineral sodium chloride water, mud therapy, manual therapy,

WHO/2019-nCoV/Post_COVID-19_condition/Clinical_case_definition/2021.1. Available at: https://apps.who.int/iris/bitstream/handle/10665/345824/
WHO-2019-nCoV-Post-COVID-19-condition-Clinical-case-definition-2021.1-rus.pdf (accessed 18.05.2022)
1
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acupuncture, massage, laser therapy, halotherapy, exercise
therapy and breathing exercises, psychological correction,
medication therapy were used [18, 24, 30, 35, 36].

Table 1. Logistic regression model coefficients
Calculated parameter

Constant

Coefficient β
Standard error

Regional rehabilitation
center

National Medical
Research Center,
Moscow

Resort (Krasnodar
Territory)

1,05459

-1,78869

0,99135

0,9397

0,68182

0,73962

1,625059
0,586423

Note: Maximum likelihood estimate (MS-err. scaled to 1) final parameters: ϴ=45.894202395; χ (5)=20.050; p=,00123
2

The Hosmer-Lemeshow test was used to check the
consistency of the model with the raw data. For our model,
the achieved significance level for this criterion is p>0.05,
i.e. there is an agreement between the model and the real
data (Table 1, Note).
The calculated area under the ROC curve was 0.84,

which corresponds to "very good" quality, according to the
AUC scale.
The results of the validation of the model in the "examination" sample were as follows: specificity 54.54%, sensitivity 91.3%, and overall accuracy 84.21%, which indicates
the stability of the model (Table. 2).

Table 2. Estimates of the model
Estimated absence of
dyspnea

Estimated presence
of dyspnea

Quality parameters
of the model

Virtual absence of dyspnea

12

10

54,54546

Actual presence of dyspnea

8

84

91,30434

The pathogenesis of dyspnea after COVID-19 is quite
complex and may include impaired lungs ventilation,
which may be facilitated by destruction of alveoli as
a result of pneumonia, impaired regulation of the optimal
ventilation-perfusion ratio, damage to the microcirculatory
bed of lungs, depletion of respiratory musculature reserve.
An equally important role is played by impaired central
regulation of breathing, which can be facilitated by
disturbances in the centers responsible for the formation
of dyspnea at the level of the brain stem and cortex, vagus
nuclei, hippocampus, reticular formation, hypothalamus,
exhaustion of the respiratory musculature reserve, lesions
in the microcirculatory bed of the lungs [24, 35, 37-39].
The polysystemic nature of the lesion means that
the treatment methods used must be comprehensive,
including medication, hardware physiotherapy, exercise
therapy, massage, manual therapy, acupuncture, and
breathing exercises [40, 41]. These techniques aim to
reduce inflammation in the airways, reflexively activate the
respiratory centre and respiratory muscles and reduce the
feeling of shortness of breath [38].
The need for a comprehensive approach in the
treatment of patients suffering from post-acute COVID19 syndrome has been expressed by many national and
foreign researchers [24, 35, 37-39, 42, 43]. Currently, the
protocols of several multicentre European studies are
being discussed to find an answer to the question of
the effectiveness of the five or the most commonly used
rehabilitation treatment strategies [26, 44].
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RESULTS AND DISCUSSION
According to the presented model, the best expected
rehabilitation effectiveness was found in the National
Medical Research Center (Moscow) (β=-1.788685,

p=0.009964604), a slightly lower expected rehabilitation effectiveness was observed in the resort with a curative climate (Arkhipo-Osipovka, Krasnodar Territory)
(β=0.9913501, p=0.182944), the lowest expected effectiveness was registered in the regional rehabilitation center (the Republic of Buryatia) (β=1.054594 p=0.2642723)
(Table 1).

However, based on these studies, it is difficult to
predict the effectiveness of these techniques in practical
medicine. The model we have built allows us to predict
the effectiveness of the rehabilitation techniques, which
is essential to improve the efficiency of investment in the
rehabilitation of patients suffering from post-acute COVID19 syndrome in the context of the pandemic.
CONCLUSION
1. The developed model of the expected effectiveness
of the rehabilitation of patients with dyspnea after COVID19 has a specificity of 54.54%, a sensitivity of 91.3%
and an overall accuracy of 84.21%, which indicates the
stability of the model and allows its use for the planning of
rehabilitation care for this category of patients.
2. According to the model developed, the effectiveness
of the rehabilitation of dyspnea patients after COVID-19
was demonstrated when using all types of rehabilitation
programmes.
3. The best expected rehabilitation effectiveness was
found in the National Medical Research Center (Moscow)
(β=-1.788685, p=0.009964604), a slightly lower expected
rehabilitation effectiveness was observed in the resort
with a curative climate (Arkhipo-Osipovka, Krasnodar
Territory) (β=0.9913501, p=0.182944), the lowest
expected effectiveness was registered in the regional
rehabilitation center (the Republic of Buryatia) (β=1.054594
p=0.2642723).
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ABSTRACT
AIM. To evaluate the system of remote rehabilitation for patients after coronavirus infection (COVID-19) in Tyumen region
and its first results.
MATERIAL AND METHODS. A randomized trial, including 100 cases in patients who had had a moderately severe
coronavirus infection. The following were analyzed: dyspnea progression (according to mMRS), the Borg test progression,
Stange and Henci functional tests, and quality of life results according to the EQ-5D questionnaire. Telemedicine
interaction was carried out using the Telemed72 application. The rehabilitation program included physical exercises and
video classes.
RESULTS AND DISCUSSION. There were no major problems with remote communication between the patient and the
therapist in the course of the telerehabilitation. At the end of the rehabilitation period, two groups showed some positive
changes. Group 1 reduced the severity of dyspnea by 2 points, Group 2 – by 1.5 points, the data of functional breathing
tests improved, muscle strength increased and self-evaluation of the quality of life also improved. Contact with a medical
professional during telerehabilitation sessions and exercising under the remote supervision of a specialist are of great
importance for the patient. This preserves the principle of continuity and consistency in rehabilitation care.
CONCLUSION. A system of telerehabilitation has been launched in Tyumen region. The patients, participating in remote
tele-rehabilitation sessions, demonstrate improvements in functional breathing tests and quality of life scores. Expanding
the boundaries of distant rehabilitation beyond large scientific and clinical centres will require training in the use of
videoconferencing and operating special equipment.
KEYWORDS: telerehabilitation, coronavirus infection, COVID-19, remote technologies, telemedicine technologies,
telemedicine-72, technological advances
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COVID-19 в Тюменской области: проспективное сравнительное
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РЕЗЮМЕ
ЦЕЛЬ. Оценить систему оказания и первые результаты реабилитационной помощи с применением дистанционных технологии
пациентам после перенесенной коронавирусной инфекции в Тюменской области.
МАТЕРИАЛЫ И МЕТОДЫ. Проведено рандомизированное исследование, в которое включены 100 историй болезни пациентов,
перенесших коронавирусную инфекцию тяжелой и средней степени тяжести. Сформированы 2 группы пациентов: 1 группа –
реабилитация на базе ГАУЗ ТО «Лечебно-реабилитационный центр «Градостроитель» и 2 группа – реабилитация в ГАУЗ ТО
«Городская поликлиника № 17». Обе группы продолжили занятия в системе телереабилитации. Анализировались: динамика
показателей одышки (по mMRS), динамика теста Борга, функциональные пробы Штанге и Генчи, результаты опроса качества
жизни по опроснику EQ-5D. Телемедицинское взаимодействие осуществлялось с помощью приложения «Телемед72». Программа медицинской реабилитации включала комплекс физических упражнений и видеозанятия.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. В процессе телереабилитации крупных проблем с дистанционной связью между пациентом
и врачом не было. По окончании реабилитации получена положительная динамика в обеих группах. Уменьшилась выраженность одышки в 1 группе на 2 балла, во второй на 1,5 балла, улучшились данные по функциональным пробам Штанге и Генчи,
увеличилась сила мышц, существенно улучшилась самооценка качества жизни. Контакт с медицинским работником на сеансах
телереабилитации, выполнение упражнений под дистанционным контролем специалиста имеет огромное значение для пациента. Это сохраняет принцип непрерывности и преемственности в реабилитационной помощи.
ЗАКЛЮЧЕНИЕ. В Тюменской области организована система телереабилитации. У пациентов, участников дистанционных телереабилитационных занятий отмечается улучшение функциональных дыхательных проб и показателей оценки качества жизни. Расширение границ дистанционной реабилитации за пределы крупных научно-клинических центров потребует подготовки специалистов, владеющих методами проведения занятий в режиме видеоконференцсвязи и работы со специальным оборудованием.
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INTRODUCTION
The new coronavirus pandemic has had an impact
on the health of people around the world [1]. Scientists
and the medical community continue to study the
manifestations and possibilities of rehabilitation of PostCOVID-19 syndrome. The organization and evaluation
of the effectiveness of rehabilitation measures for the
patients who have undergone Covid-19 is another relevant
issue for the health care system. Telemedicine methods –
an affordable solution to the problems of continuity and
consistency of medical care in large cities and regions [2,
3]. From 2020, for the first time in the domestic practice,
rehabilitation programmes can be carried out over a long
period of time and without face-to-face contact with the
patient, based only on the analysis of medical records and
testing through videoconferencing [4].
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AIM
To evaluate the first results and the system of remote
rehabilitation care for patients after coronavirus infection
(COVID-19) in Tyumen region.
MATERIAL AND METHODS
For telemedicine consultations in Tyumen region there
is a Telemed72 application, which is integrated with the
information system for resource management of medical
organization in Tyumen region (hereinafter IS URMO
TO). The app is available for Android and IOS operating
systems. The Telemed72 system is organized on a “doctorpatient”, “doctor-doctor” basis, and registration in medical
institutions is also organized.
The doctor schedules a teleconsultation via the app and
the patient receives a push notification with a reminder 10
minutes before the session. At the appointed time, the
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programme was subsequently joined by Treatment and
Rehabilitation Centre “Gradostroitel”. Indeed, throughout
the year, about 350 patients received telerehabilitation at
the premises of the polyclinic, and more than 600 people
were rehabilitated in the rehabilitation centre.
In February 2021, 20 exercise therapy instructors,
20 physiotherapists, and all specialists from state and
municipal medical organizations of Tyumen region were
trained to carry out the rehabilitation of patients after
coronavirus infection. The training was conducted by the
teachers of the Department of Medical Prevention and
Rehabilitation of Tyumen State Medical University of the
Ministry of Health of the Russian Federation in advanced
training cycles of 36 hours, on a face-to-face basis, which
minimizes the distraction of specialists from their main
work. The lessons included an analysis of the “Temporary
Guidelines for the Rehabilitation of Patients after a new
Coronavirus Infection”, the selection of rehabilitation
methods and technologies, issues of conducting physical
therapy lessons via the telerehabilitation system, practical
exercises in respiratory gymnastics, mastering methods for
monitoring the condition of patients during the lessons,
including remote sessions. The issues of rehabilitation
and telerehabilitation after COVID-19 are included in the
professional training program at Tyumen State Medical
University for doctors in the specialty “Physical and Medical
Rehabilitation”.
The inclusion criteria for the study were: no
decompensation of chronic noncommunicable disease,
refusal to undergo in-person rehabilitation, consent
of the patient to continue rehabilitation using remote
technologies, availability of a smartphone and mobile
internet connection.
100 case histories of patients with severe and moderate
coronavirus infection were analysed, subject to the III stage
of rehabilitation. 50 of those patients received the II stage
of rehabilitation in the Treatment and Rehabilitation Centre
"Gradostroitel", a state autonomous health care institution
in Tyumen region and another 50 patients were registered
in Municipal Polyclinic No. 17, a state autonomous health
care institution in Tyumen region and also discharged after
the II stage of rehabilitation. The patients were matched
by sex and age. Evaluated: dynamics of dyspnea indicators
(according to mMRS), dynamics of the Borg test, functional
tests of Stange and Genci, the results of a survey of the
quality of life according to the EQ-5D questionnaire.
The patients were divided into 2 groups: group 1 – the
Treatment and Rehabilitation Centre “Gradostroitel” and
group 2 – discharged after the II stage of rehabilitation and
were registered in Municipal Polyclinic No. 17. The patients
of the 1st group were residents of Tyumen region (towns,
villages). As can be seen from Table 1, the patients in both
groups were comparable in terms of gender, age, and
severity of the coronavirus infection.
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doctor gets in touch: an incoming call from Telemed-72
is displayed on the mobile phone screen. When the call
is answered, a video image of the doctor and the patient
appears on the screen of the mobile device. The doctor
initiates the call and completes the teleconsultation in
his or her personal account. Telemedicine consultation
recordings can be accessed in the “Recordings Archive”
section.
Also, the IS URMO TO supports the "doctor-todoctor" type of telemedicine consultations. During such
consultations, doctors from medical institutions in the
districts can swiftly exchange medical information about
the patient (discharges, results of diagnostic studies, X-ray
data, expert opinions, test results, etc.). Rehabilitation
referrals are made in accordance with: Order of the
Health Department of Tyumen region (hereinafter DZTO)
of March 17, 2021. No. 115 “On the organization medical
rehabilitation for the adult population of Tyumen region”,
Orders of the DZTO of December 31, 2013, No. 15/33
“On the organization of medical rehabilitation of the
population of Tyumen region”, Decree of the Government
of Tyumen region of September 29, 2009 No. 279-p “On the
rehabilitation of certain categories of citizens in specialized
rehabilitation centres in Tyumen region”.
The Treatment and Rehabilitation Centre “Gradostroitel”
is the coordinating centre for medical rehabilitation in
Tyumen region, carrying out II stage rehabilitation, to
which, according to the referrals, patients are sent after the
inpatient treatment (by transfer from a mono-infectious
hospital) or by referral from a general practitioner and with
a severity of condition corresponding to the rehabilitation
routing grade according to a 4-3 point scale.
Evaluated legal acts and studied the technological
issues regarding the organisation of support for
rehabilitation assistance using remote technologies for the
patients after COVID-19 in Tyumen region.
Department of Medical Prevention and Rehabilitation
of Tyumen State Medical University of the Ministry
of Health of the Russian Federation has developed
a program of the medical rehabilitation of patients with
a new coronavirus infection using telecommunication
technologies for medical organizations in Tyumen region.
The program is based on the recommendations of the
Russian Union of Rehabilitation Specialists and includes
printed manuals and video lessons with a set of exercises
(from sparing to trainers). The lessons are conducted
by an instructor, who is an expert in exercise therapy
methodology, under the supervision of an exercise
therapy doctor through the Telemed72 application. The
main objective is to improve the mobility chest, restore
respiratory muscles and increase lung capacity, improving
gas exchange [4, 5]. Prior to the introduction of a telerehabilitation programme after a coronavirus infection
in Tyumen region, a pilot study in Municipal Polyclinic
No. 17 showed a positive result [3]. The rehabilitation
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Table 1. Characteristics of patients at the time of inclusion in the rehabilitation program using telemedicine technologies
Characteristics

Group 1

Group 2

Gender: women/men, n(%)

30 (60%) / 20 (40%)

26 (53%)/ 24 (37%)*

Mean age, years

61,3±11,7

66,5±29,2*

Mean pulmonary involvement

74,8 ± 11,9

69,7 ± 37,4 *

Number of days before telerehabilitation from
the moment of illness (days)

59,5 ± 31,2

62,5 ± 37,3*

Comorbidity
Arterial hypertension

41 (83%)

45 (90%)*

Ischemic heart disease

38 (77%)

33 (67%)*

Chronic Obstructive Pulmonary Disease

15 (30%)

20 (40%)*

Diabetes mellitus

25 (50%)

30 (60%)*

Obesity

43 (87%)

40 (80%)*

Complaints
Dyspnea

50 (100%)

50 (100%)

Weakness

50 (100%)

50 (100%)

Note: *р<0,05 – significant difference between groups

There were deviations in physical health in patients
of both groups, which was confirmed by complaints of
shortness of breath during habitual physical activities,
and in 19 (37%) patients from group 1 and 10 (20%)
patients from group 2, the shortness of breath was
reported during a minimal physical activity. Severe
weakness and fatigue were reported by all the patients.
The patients in both groups had a burdened comorbid
background, which had an impact on the severity of the
coronavirus infection.

The patients of the 1st group were initially slightly
more severe than the patients of the 2nd group in terms
of the severity of the condition. Figure 1 shows that the
severity of dyspnea according to mMRS was 0.6 points
lower in the patients of group 1 (<0.05), muscle strength
by 0.2 points (<0.05), Stange’s test by 5 sec (<0.05), quality
of life evaluation by 13.3 points (<0.05, 05). A significant
difference in the perceived quality of life between the
groups, in our opinion, is associated with the remote
location from home, from relatives, for the patients in
group 1.

Fig. 1. Clinical indicator of the patients who had a coronavirus infection at the beginning of treatment using remote
technologies
Statistical processing of the results of the study was
carried out using tables “Microsoft Excel” and packages
of applied statistical programs “Statistica-6.0”. Differences
were considered statistically significant at error levels
<0.05.
All patients received informed consent for medical
intervention, consent for processing of personal data,
processing of medical data for medical care and scientific
purposes when contacting a medical organization. Due
to the introduction of remote support technologies
for patients with coronavirus infection in the region,
we additionally received informed consent for remote
support of an outpatient (including the closure of
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temporary disability certificates, prescriptions, consultation
with a medical professional, rehabilitation, etc.). The
identification of medical personnel and the patient during
tele-rehabilitation was done through the ESIA system.
RESULTS AND DISCUSSION
During the rehabilitation process, there were no
major problems with remote communication between
the patient and the doctor. According to the appointed
schedule, 37 (73%) the patients from the 1st group and
45 (90%) from the 2nd group regularly got in touch
with their doctors. One of the reasons for the nonattendance was a problem with communication, which
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was manifested periodically by a “freeze” of the system.
But the transmission of controlled indicators (BP, heart
rate, saturation, respiratory rate) after the session was
transmitted regularly.
At the end of telerehabilitation, positive dynamics
was obtained in both groups. The severity of shortness

of breath decreased by 2 points in group 1 and by 1.5
points in group 2, the Stange’s functional test showed
an improvement of 5.6/10 seconds, and Genchi 6.2/9.9
seconds, muscle strength increased by 1.6/1, 5 points, selfevaluation of the quality of life improved significantly –
21.1/16.6 (Table 2).

Characteristics

Group 1

Group 2

At the start of
rehabilitation

Upon completion of
rehabilitation

At the start of
rehabilitation

Upon completion of
rehabilitation

Dyspnea on mMRS

3,33± 1,15

1,33±0,63

2,68 ±0,76*

1,17 ± 0,63*

Muscle strength on
MRS

2,66± 0,97

4,22 ± 1,39

2,89 ± 0,57*

4,39 ± 0,96*

Shtange’s test

31,56±0,26

37,22±12,9

36,57± 6,92*

46,58± 9,37*

Test Genchi

31,57±5,84

37,78 ±7,19

35,9±5,84*

45,8± 7,19*

Test EQ-5D

50,56±16,9

71,67±37,3

63,89±14,6*

80,49±14,81*

Note: *р<0,05 – significant difference between groups

As can be seen from Figure 2, the severity of dyspnea,
according to mMRS, comparing the two groups was 0.1
points lower in patients of group 1 (<0.05), and muscle

strength was 0.2 points (<0.05) lower, which is not
statistically meaningful.

Elena F. Turovinina ET AL. | Original article

Table 2. Comparative characteristics of clinical indicators of patients at the beginning and at the end of rehabilitation using
telecommunication technologies

Fig. 2. Clinical indicators of patients who underwent coronavirus infection after rehabilitation using remote technologies
After 3 weeks of the rehabilitation using telemedicine
technologies, the main clinical indicators (data of fig.
2) are aligned in terms of the severity of dyspnea, with
confirmation of its decrease in functional tests, an increase
in muscle strength and a feeling of improvement in the
quality of life. It does not matter where the patient lives
in rural or urban areas, what is important is the contact
between the doctor and the patient, his commitment
to the implementation of medical recommendations,
continuity in the rehabilitation process. The ability to
be in touch, the availability of the available application
“Telemedicine 72” and the schedule of classes has an
additional stimulating value in the rehabilitation of the
patient.
Analysing the initiation of telerehabilitation systems in
world practice, common problems have been identified.
Thus, the pandemic situation also provided Swiss physical
therapists with the opportunity to gain experience in
using digital technologies for remote therapy. Practical
rehabilitators are facing a number of difficulties, including:
technological limitations and a preference for a “practical”
approach [6]. Interestingly, at first, physical therapists have
a low opinion of telemedicine rehabilitation, precisely
COVID-19: New Methods, Relevant Recommendations

because of the preference for “manual technologies”. In
rehabilitation techniques, “clinical contact” is important,
when a physical therapist or physical therapy instructor
directly works out a movement technique with a patient,
controls the patient’s exercise and his condition during the
lessons. This point is noted by rehabilitation practitioners
in other countries that the lack of direct contact with the
patient affects the quality of medical rehabilitation, and
the adherence to telemedicine technologies of both the
medical worker and the patient [7]. From our point of view,
this issue can be overcome in the process of professional
training in the cycles of advanced training of specialists in
physical therapy and doctors of physical and rehabilitation
medicine. Technologies and approaches are discussed
at many conferences and in scientific publications. For
example, the Italian Society for Physical and Rehabilitation
Medicine (SIMFER) has issued recommendations for the
rehabilitation of patients in the context of COVID-19, which
states that for chronic disabling conditions, with or without
exacerbations, in people who have not experienced
a recent acute event, it is necessary to organize remote
consultations and telerehabilitation as alternative
treatment options [8].
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Patients with other disorders not associated with
coronavirus also get to the intervention of rehabilitation
practitioners, while working with the patient is not possible
due to infection [9]. On the other hand, if a patient with
Post-COVID-19 syndrome does not receive rehabilitation
assistance at all, then, in the future, he is predicted to
have a decrease in clinical and social functioning, which
may affect the quality of life. In this case, the principle
of continuity and succession in rehabilitation assistance
is violated. Another aspect must be considered when
organizing telerehabilitation for patients after coronavirus
and infection. Patients after this infection may have
impaired cognitive function, or they may be elderly
patients with difficulty in the perception of remote
technologies. We found two diametrical aspects in patients'
attitudes towards tele-rehabilitation. For example, the
general situation with COVID-19 has forced older people
to become housebound and use television or other digital
activities as their main activities, which increased the risk
of social isolation and physical and emotional inactivity.
This trend can be reinforced by adding an additional
telemedicine tool. Representatives of the patients
considered direct human meetings necessary for life and
the inner strength of a person [10]. On the other hand, the
continuity of exercise and social activity during isolation or
quarantine, especially for the elderly, is ultimately critical.
Contacts with a medical worker during telerehabilitation
sessions, performing exercises under the remote control of
a specialist is of great importance for the patient. Therefore,
many countries have introduced telemedicine exercise

or rehabilitation programs, developed guidelines, or are
currently testing telemedicine in clinical trials [11, 12].
Expanding the boundaries of distant rehabilitation beyond
large scientific and clinical centres will require training
in the use of videoconferencing and operating special
equipment [13].
Thus, the organization of telerehabilitation as
a means of improving the quality of life of patients after
a coronavirus infection is expedient and has both a clinical
and legal basis.
CONCLUSION
A system of telerehabilitation has been launched
in Tyumen region, allowing both individual and group
exercise therapy sessions with monitoring of the
patients' condition. Establishing health monitoring,
including exercise tolerance evaluation, is a prerequisite
for effective telerehabilitation. The schedule of classes
and the availability of the Telemed72 application for
telerehabilitation also play a role. The patients who
survived the coronavirus infection and participated in
the telerehabilitation sessions showed improvements in
functional breathing tests, increased muscle strength,
and improved self-rated quality of life scores. The
developed system can be used in the future, which will
require additional training of specialists from other
medical organizations. In this case, we see an effective
collaboration between the university team, practitioners
and representatives of the digital medicine.
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ABSTRACT
INTRODUCTION. Low back pain (LBP) is a common discomfort in young women during pregnancy and after childbirth. These female
patients with lumbar disc herniation (LDH) have unique clinical manifestations, but few studies have been reported.
AIM. To investigate the clinical characteristics of female patients with LDH after childbirth and to provide basis for rehabilitation and
treatment.
MATERIAL AND METHODS. We collected the clinical data of 58 female patients with LDH, analyzed the clinical characteristics. We used
CT scan to determine the location and type of LDH, observed the dural sac of lumbar intervertebral disc, serum 25 hydroxyvitaminD (25
[OH] D) levels were measured and compared with healthy women and pregnant women.
RESULTS. Our results showed that according to the age distribution of patients with low back pain was the most common among 30-34
years old, accounting for 43.1% of all patients. Patients with LDH accounted for the highest proportion of patients with LBP, up to 55.2%.
L4-L5 segment was the most common part of LDH, accounting for 46.9%, followed by L5-S1 segment, accounting for 31.3%. Protrusion
was the most common type of LDH, accounting for 84.4%. Among 34 patients with LDH, 15 patients (46.9%) had dural sac compression.
The serum 25(OH) D level of patients with LDH was 11.36±5.16 ng/ml, lower than that of healthy women (first control group, 15.22±3.42
ng/ml, p=0.022), and pregnant women (second control group, 18.95±6.94 ng/ml, p<0.011).
CONCLUSION. LDH is one of the main causes of LBP in female patients. Female patients with LDH have their specific features in terms of
age distribution, location and type of intervertebral disc herniation, especially the serum 25(OH)D level of female patients is significantly
low. To clarify the clinical characteristics of female patients with LDH is very important for the rehabilitation treatment.
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РЕЗЮМЕ
ВВЕДЕНИЕ. Боль в пояснице часто доставляет дискомфорт молодым женщинам во время беременности и после родов. У пациенток с грыжей поясничного диска наблюдаются отличительные клинические признаки, о которых сообщалось в лишь немногочисленных исследованиях.
ЦЕЛЬ. Изучить клинические особенности молодых пациенток с грыжей поясничного диска после родов, обосновать необходимость реабилитации и лечения.
МАТЕРИАЛ И МЕТОДЫ. Были собраны клинические данные 34 молодых пациенток с поясничной болью, проанализированы
клинические характеристики. Авторы применяли компьютерную томографию для определения расположения и типа поясничной боли, наблюдали за дуральным мешком поясничного межпозвоночного диска, измеряли уровень 25-гидроксивитамина
D (25 [OH] D) в сыворотке крови и сравнивали со здоровыми женщинами и беременными женщинами.
РЕЗУЛЬТАТЫ. Наши результаты показали, что согласно возрастному распределению пациентов с болью в пояснице наиболее
часто встречаются пациенты в возрасте 30-34 лет, составляя 43,1% от всех пациентов. Пациентки с грыжей поясничного диска
составили наибольшую долю пациентов с поясничной болью, до 55,2%. Поясничная боль чаще всего встречается в сегменте
L4-L5, составляя 46,9%, за ним следует сегмент L5-S1, составляя 31,3%. Наиболее распространённым типом поясничной боли
была протрузия, составляя 84,4%. Среди 34 пациентов с поясничной болью у 15 пациентов (46,9%) была компрессия дурального
мешка. Уровень 25(OH) D в сыворотке крови пациентов с болью составил 11,36±5,16 нг/мл, что ниже, чем у здоровых женщин
(первая контрольная группа, 15,22±3,42 нг/мл, p=0,022) и беременных женщин (вторая контрольная группа, 18,95±6,94 нг/мл,
p<0,011).
ЗАКЛЮЧЕНИЕ. Грыжа поясничного диска является одной из основных причин поясничной боли у молодых пациенток. Пациентки
с грыжей поясничного диска имеют свои особенности относительно возрастного распределения, расположения и типа грыжи
межпозвоночного диска, особенно уровень 25(OH)D в сыворотке крови у пациенток значительно ниже. Выяснение клинических
особенностей молодых пациенток с грыжей поясничного диска имеет большое значение для реабилитационного лечения.
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INTRODUCTION
Lumbar disc herniation (LDH) is one of the common
diseases causing low back pain (LBP), radicular pain, motor
weakness, and numbness. LBP was listed as the fourth
leading cause of disability in the world in 2015 (DALYs) [1].
In China, the prevalence of LDH is 14%, L4/5 and L5/S1
are the most frequent involved segments for the majority
of lumbar disc diseases [2]. The annual prevalence of
LBP varies between different occupations, such as 40%
in teachers, 74% in garment workers. Considering that
the working population demonstrated 2.5 times higher
persistence of LBP, than non-working population in low
and middle-income regions [3].
With the increase of age, under the action of external
forces such as extrusion, traction and torsion, the water
and nutrition of the lumbar intervertebral disc decrease,
the elasticity decreases, and the anti-load ability decreases.
It is easy to cause the rupture of the fibrous ring, the
protrusion of the nucleus pulposus, the compression of
the spinal nerve, and the low back pain and leg pain [4].
Technologies of Restorative Medicine and Medical Rehabilitation

The degenerative change of lumbar intervertebral disc is
the internal cause of LDH, while the imbalance of external
force is the external factor causing LDH.
In order to adapt to the increased load during
pregnancy, women have evolutionarily greater lumbar
lordosis than men to help with the burden of pregnancy.
There are gender differences in lumbar lordosis. The
Lumbar angle representative of lordotic curvature
between L1 and S1, was 7.3° greater in females than males
when standing [5]. Additionally, sacral slope was greater
in females than males, the spine in women has a larger
range of activity, and women have more degenerative
intervertebral discs than men at the elderly age.
Patients with LDH classically undergo a brief course
of conservative management prior to microdiscectomy
surgery, in this time the gender differences identified in
the selection and symptomatic response to commonly
used non-operative therapies. A greater percentage of
female patients relied on muscle relaxants, lumbar epidural
steroid injections, and emergency department services.
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Gender differences exist in the utilization of nonoperative
therapies for the management of a lumbar intervertebral
herniated disc prior to microdiscectomy surgery [6].
The human intervertebral disc is mainly composed
of annulus fibrosus and nucleus pulposus. Apoptosis of
nucleus pulposus cells can cause lumbar disc degeneration.
Recent studies have shown that the severity of pain
increased in patients with LBP as vitamin D deficiency
increased [7]. Studies have found that the expression level
of vitamin D receptor is associated with intervertebral
disc degeneration, vitamin D can reduce the apoptosis of
human intervertebral disc nucleus pulposus cells [8].
The objective of our study is to use the electronic
medical record information and CT image data of patients
with LBP, analyze the age characteristics of female patients,
location and type of LDH, compare the different ratio of
dural sac compression, measure the serum 25(OH) D level
of female patients, and compare it with healthy controls,

so as to provide basis for the rehabilitation treatment of
patients with LDH.
MATERIAL AND METHODS
We collected the electronic medical records of 58
female patients with LBP. These patients came to the
rehabilitation medicine clinic of our hospital between
January and September 2021, aged 20-40 years (average
age 32.4±5.14 years).
These patients mainly complained of lumbar pain.
All the patients underwent double-row spiral computed
tomography (CT) of the whole body on a Siemens AS 128
(CT machine). The patients lay on their back on a scanning
table and had regular scans of the L1-S1 intervertebral
discs, with a layer thickness of 3 mm and 5 layers of
each intervertebral space; a CT image of the lumbar disc
herniation is shown in Figure 1.

Fig. 1. CT image showed disc herniation at L4-L5 levels
We selected 22 female patients with LDH from 58
patients, aged between 20 and 40 (average 30.9 ± 4.2
years) as the study group. At the same time, we selected
22 female healthy person who underwent physical
examination in the outpatient department of Obstetrics
and Gynecology of our hospital as the first control group,
average 33.0±4.7 years (aged between 20 and 40), in our
hospital obstetrics clinic, we selected 22 pregnant women
(6-10 weeks of pregnancy) as the second control group,
average 28.55±3.75 years (aged between 20-40 years).
All pregnant women took vitamin D supplements every
day (400 IU/d). The levels of 25 hydroxyvitamin D in the
serum of patients in the study group and healthy people
in the control group were detected respectively, the serum
25(OH) D level was measured by Roche ECL method.
The statistical analysis used IBM SPSS 22.0 software, the
Pearson's chi-squared test was used to test the rate, and

T test was used for significance difference test, p-value
<0.05 was considered statistically significant. The results
are expressed as mean ±SEM.
RESULTS AND DISCUSSION
Age distribution of female patients with LDH
Among the 58 patients, the age range was 20-40 years,
the mean age was 32.4 ± 5.14 years. As shown in Figure
2, there were 5 patients between the ages of 20-24 years,
accounting for 8.6% of the total number of patients.
Between the ages of 25-29 years, there were 15 patients,
accounting for 25.9% of the total number of patients. There
were 25 patients aged between 30 and 34, accounting for
43.1% of the total number of patients. Between the ages of
35-40 years, there were 13 patients, accounting for 22.4%
of the total number of patients.

Fig. 2. The age distribution of female patients with LBP
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Causes of low back pain
Among 58 patients with low back pain, 32 patients
were diagnosed with lumbar disc herniation, accounting
for 55.2% of all patients, 19 patients with lumbar muscle
strain, accounting for 32.8% of all patients, 4 patients
with lumbar bone hyperplasia, accounting for 6.9% of all

patients, 2 patients with sacral cracked, accounting for
3.5% of all patients, 1 patient with sacroiliac joint sclerosis,
accounting for 1.7% of all patients. As shown in Table 1,
lumbar disc herniation accounts for the highest proportion
of 58 patients with low back pain.

Table 1. The causes of low back pain in female patients

Out of 32 patients with lumbar disc herniation there
were 15 patients with L4-L5 herniation, accounting for
46.9% of all patients. There were 10 patients with L5 -S1
prominent sites, accounting for 31.3% of all patients. One
patient with prominent sites in L3-L4, accounting for 3.1%
of all patients. One patient with prominent part in L2-L3,

accounting for 3.1% of all patients. There were three
patients with L4-L5 and L5-S1 prominent sites, accounting
for 9.4% of all patients. There were two patients with
prominent sites of L3-L4, L4-L5 and L5 S1, accounting for
6.2% of all patients. As shown in Table 2, LDH patients with
L4-L5 lumbar disc herniation have the highest proportion.

Wang Xiao-Jun ET AL. | Original article

Location of lumbar disc herniation

Table 2. The location of lumbar disc herniation in young female patients

Types of lumbar disc herniation
We used computed tomography (CT scan) to classify
patients with lumbar disc herniation, as show in Figure 3.

The three types are as follows: disc bulging, disc protrusion
and disc extrusion.

A1 		
A2 				
B 				
C
Fig. 3. Classification of lumbar disc herniation: (A1) disc bulging of circumferential, (A2) disc bulging of asymmetric, (B) disc
protrusion, (C) disc extrusion
Technologies of Restorative Medicine and Medical Rehabilitation
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As shown in Figure 4, out of 32 patients with LDH,
there were 27 patients with type of protrusion, accounting
for 84.3% of all patients. The number of the patients of
bulging type was 4, accounting for 12.5% of all patients.

One patient with extrusion type, accounting for 3.1% of
all patients. LDH patients with type of protrusion had the
highest proportion in all patients.

Fig. 4. The types of lumbar disc herniations in female patients
Compressed spinal dural sac
As shown in Table 3, among 32 female patients with
LDH, 15 patients had dural sac compression, and the
compression rate was 46.9%. Among 32 female patients,

17 patients had no dural sac compression and the rate of
no compression patients was 53.1%.

Table 3. The ratio of dural sac compression in female patients

Determination of serum 25 (OH) D level
As show in Table 4 and Table 5, serum 25 (OH) D levels
were observed in 22 patients with LDH, these patients
are the study group as well as the patient group. While
the average serum 25 (OH) D levels was 11.36 ± 5.16 ng /
ml in the patients group. In the health object, that is, the
first control group, the average serum 25 (OH) D levels
was 15.22 ± 3.42 ng /ml. There was a significant difference

between the patients group and first control group
(p<0.05). We measured that the average levels of serum 25
(OH) in the pregnant woman group was 18.95±6.94 ng /
ml, as well as the second control group. Serum 25 (OH)
D levels in LDH patients was significantly lower than that in
pregnant women (P< 0.001).

Table 4. Comparison of 25 (OH)D levels between LDH patient and Health women
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Table 5. Comparison of 25 (OH)D levels between LDH patient and pregnant women

We found that the main causes of low back pain in
young women were lumbar disc herniation, lumbar
muscle strain and lumber hyperosteogeby. In particular,
LDH patients accounted for the highest proportion of all
patients with LBP, reaching 55.2%. LDH is the main cause
of low back pain in young women after childbirth and this
finding is consistent with several previous studies [14-16].
Previous studies have shown that there are gender
differences in anatomy of the lumbar spine, as shown in
Figure 5. In order to adapt to the increase of lumbar load
during pregnancy, women have greater lumbar lordosis
angle than men. Compared to men, women's spine
has a greater statistically significant curvature [17]. This
means that the lumbar range of motion is different in men
and women. During pregnancy, women’s lumbar load
increases, the body center of gravity shifts, affecting the
spinal stability and increasing the mechanical compression
of lumbar intervertebral disc. Studies by Jung showed that
the crude incidence of LDH in young women aged 30-40
was higher than in middle-aged men [18].
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In this study, we analyzed the age distribution of female
patients with LBP. Our results show that 43% of female
patients with LBP are aged between 30 and 34, these
patients account for nearly half of all patients. In 2015, the
average age of childbearing for Chinese women was 33.73
years, the period of 30-34 years old is the peak of female
fertility in China [9].
LBP is the most common skeletal muscle disease and
discomfort experience for women during pregnancy.
The prevalence of LBP during pregnancy is 34% in Asian
countries and more than 50% in European countries [10,
11]. LBP seriously affects the quality of daily life of pregnant
women, not only during the pregnancy and after the
childbirth, but also for 11 years after the childbirth [12].
The prevalence of LBP increases with the progress
of pregnancy, especially in the late pregnancy, due to
a weight gain and a center of gravity shift, resulting
in increased lumbar load, combined with the role
of hormones during pregnancy, can cause ligament
relaxation. Continuous work, long standing and weight
lifting during pregnancy are associated with LBP [13].

Fig. 5. Different lumbar lordosis angles are between female and male
One surprising finding in the current study was that
in female LDH patients with lumbar pain, CT images
showed that more than half of the patients did not find
that the dural sac was compressed by the herniated disc.
This result suggests that in young female patients with
LDH, in addition to lumbar pain caused by herniated disc
compression nerve, there are other reasons that can cause
lumbar pain. Recent studies have shown that the severity
of pain increased in patients with LBP as the deficiency of
Vitamin D increased [7] and Vitamin D level was a factor
related to patients with chronic nonspecific low back pain
[19].
Vitamin D deficiency may be associated with chronic
and nonspecific musculoskeletal pain. In our study,
we measured serum 25 (OH) D levels in young female
patients with LDH and compared it with healthy women
and pregnant women. We found that 25 (OH) D levels in
young female patients with LBP were lower than those in
Technologies of Restorative Medicine and Medical Rehabilitation

young healthy women, this result is statistically significant
(p<0.05). Also we investigated the comparison of serum
25(OH) levels between young female patients with LDH
and pregnant women, there was a significant relationship
between the two group, serum 25(OH) D levels of patients
with LDH had a significantly lower than in pregnant
women (P<0.001).
In a review study that supports our research, the
relationship between LBP and 25(OH) D levels has been
established, it has been reported that patients with LBP
have lower serum 25(OH) D levels [20].
Vitamin D in human body is mainly derived from skin
synthesis. Although, food such as egg yolk, sea fish and
animal viscera can supplement vitamin D, it cannot meet
the needs of the body due to the insufficient source of
vitamin D in natural foods. Therefore, vitamin D is mainly
synthesized in the skin, when exposed to ultraviolet
radiation. 25 (OH) D is the main storage form of vitamin
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D in human body. Measuring the level of serum 25 (OH)
D of pregnant women can help to understand whether
there is a vitamin D deficiency in pregnant women [21].
In our study, the women in the second control group
were in the 6 th to 10 th week of pregnancy. In order to
prevent vitamin D deficiency, pregnant woman took
vitamin D supplements, every day 400 IU. Therefore, in
our results, vitamin D levels in pregnant women were
significantly higher than those in female patients with LDH.
It is common knowledge that, that women due to
pregnancy increase their weight, resulting in increased
sagittal diameter of the abdomen, with the center of
gravity shifting forward and the load on the lower back
increasing, which results in pelvic anteversion and lumbar
lordosis [23].
The increase of lumbar lordosis is a biomechanical
regulation of the spine, which absorbs greater vertical
impact load of the spine and transmits the load to the
posterior annulus fibrosus and intervertebral joints of the
intervertebral disc, thereby reducing the pressure of the
intervertebral disc [24].
As the pregnancy progresses, the load on the L5 to
S1 segment of the lower back increases, and a change in
the weight distribution increases the load by 36%. Under
the influence of mechanical factors, pain increased while

standing, sitting, bending, lifting, and walking. The last
lumbar segment of the lumbar vertebra L5 contributes to
nearly 40% of all lordosis cases [22].
CONCLUSION
In our study of female patients with LBP, more than
half of patients are with LDH (55.2%), the highest ratio of
herniated disk was found at L4-L5, and the ratio of these
patients reached 46.2%. Indeed, disc hernias were common
at L4 – L5, which is consistent with the majority of related
studies [25]. There are few studies into the types of LDH in
female patients. Our results show that the protrusion type
in young female patients is more common (84.4%), which
is inconsistent with the results of other studies based on
a built type [26].
A limitation of this study is the lack of comparison
with male patients because male and female patients
differ in spinal anatomy, pre-surgical pain, conservative
treatment choices and postsurgical outcomes [27-29]. In
the future, we need to compare the differences between
female patients and male patients with LDH, because we
choose different rehabilitation and traditional Chinese
medical treatment methods according to different clinical
characteristics of LDH [30].
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ABSTRACT
AIM. To study the clinical effect of body composition-based lifestyle intervention in patients with polycystic ovary syndrome (PCOS).
MATERIAL AND METHODS. In the period of November, 2020 – July, 2021, 91 patients diagnosed with PCOS in the First People's
Hospital of Urumqi were prospectively selected and divided into a control group (46 cases) and an experimental group (45 cases)
according to random number method. The patients in the control group were treated with Drospirenone and Ethinylestradiol tablets (II),
while the patients in the experimental group were treated with Drospirenone and Ethinylestradiol tablets (II) and lifestyle adjustment
based on body composition. The changes of the indices before and after 3 months of treatment were compared between the two
groups.
RESULTS. The indices of PCOS patients in the two groups after treatment (except 1 basal metabolic rate and muscle weight, 2. FSH and
3. HDL) were decreased, and the decrease in the experimental group was more significant (P < 0.05). Patients in the experimental group
had significantly increased spontaneous ovulation and pregnancy rate / Conducive to ovulation and pregnancy.
CONCLUSION. In PCOS patients, the combination of Drospirenone and Ethinylestradiol tablets (II) and lifestyle intervention based on
human body components can improve reproductive hormone, glucose metabolism and insulin resistance more effectively, which is
beneficial to spontaneous ovulation and pregnancy, and reduce the weight of patients.
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Влияние изменения образа жизни на основе коррекции состава
тела на клиническую эффективность: проспективное сравнительное
рандомизированное исследование пациентов с синдромом
поликистозных яичников
Чжан Синь-Юань, Фу Линг-Линг, Сонг Ке, Хэ Тинг-Тинг, Ян Цзин, Чан Цзюнь, Су Ли Мэн, Ву
Цзюнь, Ли Цзе, Яо Лэй, Чжан Янь, Лю Цзян-Лин
Первая народная больница Урумчи, Синьцзян, Китай

РЕЗЮМЕ
ВВЕДЕНИЕ. Синдром поликистозных яичников – это эндокринно-метаболическое заболевание, показатели по распространённости которого постоянно растут. Он характеризуется различными клиническими составляющими, основными из которых являются избыток андрогенов, олиго-ановуляторное бесплодие, поликистоз яичников, инсулинорезистентность (ИР) и кардиометаболические изменения.
ЦЕЛЬ. Изучить клинический эффект корректировки образа жизни на основе состава тела у пациенток с синдромом поликистозных яичников.
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INTRODUCTION
PCOS affects 5-18% of women, and is a reproductive,
metabolic, and psychological condition with impacts
across the lifespan [1]. The prevalence of PCOS is between
6 and 15% globally [2]. In view of pathophysiological
characteristics, the factors accounting for PCOS
heterogeneity mainly include obesity, insulin resistance,
abdominal adiposity, and so on [3]. According to various
data, the risk of miscarriage in PCOS women is three times
higher than the risk of miscarriage in healthy women [4].
There are still many controversies about the definite
diagnosis and specific treatment measures of PCOS. In
recent years, PCOS is often treated with simple drugs,
but the research on obesity and reproduction caused by
external factors, such as unhealthy lifestyle, obesity, highfat diet and mental stress. Compared with other medical
methods, adapting to lifestyle, exercise and diet is an
economical, convenient and safe way [5]. Antimueller
hormone, also known as Müllerian inhibitory substance
(MIS), is a glycoprotein homodimer in the transforming
growth factor-β superfamily. Levels of anti-Mullerian
hormone (AMH) [6], a marker of ovarian aging. In the ovary,
AMH inhibits steroid synthesis, inhibits primordial follicle
recruitment, reduces follicle stimulating hormone (FSH)
synthesis, decreases FSH synthesis will affect aromatase
activation, is not conducive to the transformation of
androgen to estrogen, and androgen excess will hinder
follicular development [7]. The serum AMH level of PCOS
patients is 2-3 times higher than that of normal women of
childbearing age. Women with high AMH level (≥ 4.45ng/
mL) are 9.35 times more likely to suffer from PCOS than those
with low AMH level. In recent years, with the continuous
improvement of AMH detection technology, the relationship
between AMH and PCOS has attracted much attention. In
order to study the pathogenesis of PCOS patients, 91 PCOS
patients diagnosed in our hospital between November
2020 to July 2021 were prospectively selected. Effects of
lifestyle intervention based on human body composition on
Technologies of Restorative Medicine and Medical Rehabilitation

body composition, metabolism and reproductive function,
spontaneous ovulation and pregnancy rate of PCOS patients
were studied. To establish the correlation between AMH
index and human insulin resistance index, further reveal the
clinical value of lifestyle intervention based on human body
composition for PCOS patients, and lay the foundation for
the long-term management of PCOS patients.
A prospective study was conducted on 91 PCOS
patients diagnosed by gynecology in our hospital from
November 2020 to July 2021, aged between 18 and
40 years inclusive. The control group was 46 cases, age
21-39 years old, mean (27.10±2.53) years old; body
mass index 19-25 kg /m2, mean (21.86±1.42 ) kg /m2; the
experimental group was 45 cases, age 22-40 years old,
mean (28.39±2.70) years old; body mass index 19-26 kg /
m2, mean (21.92±1.47) kg /m2 ; two groups of general data
comparison (P > 0.05), comparable.
The subjects were divided into insulin resistance group
(HOMA-IR>1.95)-42 cases and non-insulin resistance group
(HOMA-IR≤1.95) – 49 cases, according to HOMA-IR value
from the general sample of patients.
The age of the insulin resistance group was 21-38 years
old, average age (28.02±3.11) years old; the age of the
non-insulin resistance group was 22-39 years old, average
age (27.50±2.95) years old; two groups of general data
comparison (P>0.05), comparable.
Inclusion criteria:
1. All in line with the 2018 edition of the International
Guidelines for the Diagnosis and Treatment of PCOS [9];
2. 25kg /m 2≤BMI (BMI<30 kg/m 2); 3. The functions of
important organs such as heart, liver and kidney were
normal; 4. All participants agreed to participate in this
study and signed the informed consent form, which was
approved by the Medical Ethics Committee.
Exclusion criteria:
1. Reproductive system lesions; 2. Malignant tumor;
3. Other endocrine system diseases; 4. Unable to strictly
implement and record diet and exercise according to
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МАТЕРИАЛ И МЕТОДЫ. В период с ноября 2020 года по июль 2021 года 91 пациентка с диагнозом синдрома полкистозных
яичников в Первой народной больнице Урумчи была проспективно отобрана и разделена на контрольную (46 человек) и экспериментальную (45 человек) группы в соответствии с методом случайных чисел. Пациентки контрольной группы принимали
таблетки дроспиренона и этинилэстрадиола (II), а пациентки экспериментальной группы – таблетки дроспиренона и этинилэстрадиола (II) и проходили корректировку образа жизни в зависимости от состава тела. Изменения индексов до и после 3 месяцев лечения сравнивались между двумя группами.
РЕЗУЛЬТАТЫ. Показатели пациентов с синдромом поликистозных яичников в двух группах после лечения (за исключением 1
базальной скорости метаболизма и веса мышц, 2. гонадотропный гормон и 3. ЛПВП) снизились, причем снижение в экспериментальной группе было более значительным (P < 0,05). У пациенток в экспериментальной группе значительно повысился уровень
спонтанной овуляции и беременности.
ЗАКЛЮЧЕНИЕ. У пациенток с синдромом поликистоза яичников комбинация таблеток Дроспиренона и Этинилэстрадиола (II)
и изменения образа жизни на основе на основе коррекции состава тела может значительно улучшить репродуктивный гормон,
метаболизм глюкозы и резистентность к инсулину, что благоприятно для спонтанной овуляции и беременности, а также снизить вес пациенток.
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the regulations; 5. Patients with severe neuropsychiatric
diseases cannot cooperate with this study properly; 6.
Patients receiving sex hormones or affecting glucose and
lipid metabolism during the observation period.
MATERIAL AND METHODS
In this study, 91 patients with PCOS in our hospital
were selected as research objects, and the patients were
randomly divided into experimental group (45 cases)
and control group (46 cases) by prospective randomized
controlled case study. Patients in the control group were
simply treated with Drospirenone and Ethinyl Estradiol
tablets (II) (oral administration started on the first day of
menstruation, 1 tablet/day, cycle of 28 days, for three
consecutive months). Patients in experimental group
were assisted with lifestyle intervention based on human
components on the basis of the control group (Specifically
at 1.2.2.1). Both groups needed follow-up (physical
composition, diet, exercise, endocrine metabolism,
reproductive hormone levels, spontaneous recovery of
ovulation and pregnancy rate). The subjects were further
divided into insulin resistance group (HOMA-IR>1.95) with
42 cases and non-insulin resistance group (HOMA-IR≤1.95)
with 49 cases according to HOMA-IR values. BMI and
Serological indicators: hormone six items, AMH, Fasting
plasma glucose (FPG), fasting insulin (FIN), total cholesterol
(TC), triglyceride (TG), low density lipoprotein cholesterol
(LDL-C), and high density lipoprotein cholesterol (HDLC) of the two groups were compared, and the correlation
between AMH level and HOMA-IR was compared. During
this period, 4 cases in the control group lost the follow-up
rate of 8.00% and 5 cases in the experimental group lost
the follow-up rate of 10.00%, because they failed to adhere
to the drug treatment and life intervention.
Human-based lifestyle intervention methods
To popularize PCOS-related knowledge to patients,
including the harm of PCOS, treatment methods and
related precautions; to inform patients about the
influence of body weight on the condition, it is suggested
that patients should control body weight reasonably
and make individualized nutritional intervention plan
according to body weight, energy and food preference. It
is recommended that food intake of 1200-1500 kg calories
per day or a 30% energy intake gap be maintained, while
daily intake of protein not less than 1.2g/kg, dietary
fiber 30-40g, fat intake of 20-30%, carbohydrate intake
of 40-50%, and daily drinking water not less than 1.5L.
Nutritionists introduced the method of food exchange
points to patients in detail to enrich their food types.
Studies have also suggested [10] that for PCOS patients
30% or 500~750kcal (1kcal = 4.184kJ) of energy should
be reduced daily on the basis of a low-calorie diet to
reduce body weight, which can be customized individually
and flexibly. Therefore, Calorie consumption should be
determined after individual assessment and adjusted
timely according to the patient’s condition.
Appropriate exercise mode was selected according to
the patient’s physical exercise function: the parameters of
the patient’s muscle, joint, nerve, and anti-fracture ability
were understood in detail. The individualized exercise
mode and exercise intensity were formulated according
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to the patient’s functional state, and the patients were
required to take 30-60 minutes of walking, jogging,
cycling or other aerobic exercise every day. The patients
were strongly recommended aerobic activity at least 30
minutes per day (cycling, speed walking, swimming, etc.)
in the home environment. Attention should be paid to the
prohibition of dangerous sports during exercise.
Human body composition analyzer (Sihai Huachen
NQA-PI individual nutrition analyzer) was used to measure
the body composition data of patients. Prohibit intense
exercise within 6 hours before the test, the test day to
minimize drinking water and eating, avoid affecting the
body composition test results. During the measurement, the
patients were asked to take off shoes and socks, put their feet
on the foot electrode, stand on the test bench, and keep their
body relaxed. The hands were evenly applied to the hand
electrode. The patients were asked to maintain the correct
posture and start the data test. The basic metabolic rate,
overall water, intracellular fluid, extracellular fluid, PBF, fat
weight, defatted weight and muscle weight were measured.
Follow-up management method: each patient
was included in the PCOS WeChat group composed of
gynecological doctors and nursing staff. To personalize
lifestyle advice for women with polycystic ovary syndrome
(PCOS), there were no such women detailed information
regarding dietary intake, eating behavior, physical activity
levels, and quality of life (QoL) may be useful [11]. To
understand the diet and exercise status of patients in
the treatment process and carry out remote guidance,
regularly distribute popular science information in WeChat
group, improve the level of disease knowledge of patients
and improve their treatment compliance. At the same
time, patients can also exchange experience in disease
treatment in WeChat group, supervise and encourage each
other, which is conducive to improving patients’ treatment
confidence. Issue diet diary and exercise diary, patients
are required to keep the diary carefully and follow up
once a month. According to the changes of diet, exercise
diary, weight and body composition of patients, adjust
the nutrition intervention plan. After 3 months of life
intervention, the body weight and body composition of
the patients were re-measured and laboratory tests were
performed.
Observation indices:
1. Collect fasting basal metabolic rate, total water,
intracellular fluid, total extracellular fluid, body
fat percentage (PBF), fat weight, fat-free weight,
muscle weight, body weight, body mass index, waist
circumference before and after life intervention;
2. All patients were fasting for 12 hours before and
after life intervention, venous blood was drawn at 10:00 a.
m., and venous blood hormone six items and AMH were
collected on the 2nd–5th day of menarche;
3. Fasting plasma glucose (FPG), fasting insulin (FIN), total
cholesterol (TC), triglyceride (TG), low density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) were collected on the same day. Insulin resistance
index: insulin resistance index (HOMA-IR = FPG ×FIN/22.5)
was calculated by steady-state model to evaluate the degree
of insulin resistance in peripheral tissues.
4. From the 8th to the 10th day of menstruation,
ultrasonography was used to monitor the follicles and the
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RESULTS AND DISCUSSION
There was no significant difference in the body
composition indices between the two groups before
and after treatment (P>0.05). After treatment, the total
water, intracellular fluid, total extracellular fluid, body fat
percentage, fat mass and fat-free weight of the two groups
decreased and the decrease in the experimental group was
more significant (P>0.05) (Table 1).

Table 1. Comparison of body composition of PCOS patients before and after treatment (n±s)
Ground

Experimental
group

Control
group

Number
Before
Basic
of
and after metabolic
samples treatment rate (kJ/d)
45

46

Overall
water
(kg)

Intracellular
fluid
(kg)

Overall
extracellular
fluid (kg)

Body fat
percentage
(%)

Fat
(kg)

Defatted
weight
(kg)

Muscle
weight
(kg)

Before
treatment

6350.45 ±
653.29

35.59 ±
4.16

19.48 ±
2.87

15.89 ±
2.25

36.71 ± 4.66

21.92 ±
1.47

48.57 ±
6.45

45.61 ±
6.32

After
treatment

5900.46 ±
780.13

31.02 ±
4.20ab

16.90 ±
2.76ab

14.96 ±
2.23ab

32.37 ± 4.11ab

22.28 ±
8.31ab

46.31 ±
6.27ab

42.43 ±
5.89

Before
treatment

6345.57 ±
652.21

35.81 ±
4.53

19.48 ±
2.78

15.87 ±
2.26

34.41 ± 4.34

21.86 ±
1.42

48.64 ±
6.36

45.62 ±
6.36

After
treatment

6035.82 ±
701.31

33.08 ±
4.30a

18.57 ±
2.62a

15.11 ±
2.34a

36.80 ± 4.22a

24.06 ±
8.29a

47.53 ±
6.45a

43.78 ±
5.92

Zhang Xin-Yuan ET AL. | Original article

examination showed that there were yolk sac in the uterus
to judge the pregnancy, The indicators and pregnancy of
the two groups were recorded and the relevant statistical
records were made. Statistical methods SPSS 26.0 software
was used for analysis. Measurement data were expressed
as ( ±s) using t test. The enumeration data were expressed
as rate (%), andχ2 test was used; Pearson’s linear method
was used for correlation analysis. The single group was
compared before and after treatment by f test, P < 0.05 was
considered statistically significant.

Note: Comparison with the same group before treatment; aP<0.05; Comparison with control group after the treatment; bP<0.05

There was no significant difference in anthropometric
indicators and reproductive hormones between the
two groups before and after treatment (P>0.05). After
treatment, the body weight, waist circumference, BMI,

T and LH levels of the two groups were decreased and the
decrease in the experimental group was more significant
(P>0.05) (Table 2.).

Table 2. Comparison of anthropometric and reproductive serological indices between the two groups of PCOS patients before
and after treatment (n±s)
Ground

Number Before and after
Body
of
treatment
weight(kg)
samples

Experimental
group

45

Control
group

46

Before treatment 65.59 ± 8.01
After treatment

58.21 ±
7.62ab

Before treatment 65.38 ± 7.63
After treatment

64.44 ±
6.32a

Waistline(cm)

BMI(Kg/
cm2)

T(nmlo/L)

LH(IU/L)

FSH(IU/L)

91.95 ± 6.30

26.10 ± 2.01

2.66 ± 0.41

11.87 ±
1.09

4.52 ± 1.11

84.63 ± 6.73ab

21.87 ±
1.08ab

2.40 ± 0.22ab

4.02 ±
2.10ab

4.10 ± 0.93

91.30 ± 6.11

26.65 ± 2.03

2.56 ± 0.34

10.30 ±
2.11

4.49 ± 1.21

90.01 ± 5.03a

25.02 ±
1.64a

1.90 ± 0.32a

5.58 ±
2.06a

4.30 ± 1.03

Note: Comparison with the same group before treatment; aP<0.05; Comparison with control group after treatment: p<0.05. Hormone data
was collected on the 2nd–5th day of menarche

There was no significant difference in endocrine indices
between the two groups before and after treatment (P >
0.05). After treatment, the levels of FPG, FIN, TG, TC and
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LDL-C in the two groups decreased, and the decrease in
the experimental group was more significant (p<0.05)
(Table 3.).

45

ВЕСТНИК ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ ТОМ 21, № 5-2022 • ISSN 2078-1962
Table 3. Comparison of endocrine indices before and after treatment between the two groups of PCOS patients (n, ± s)

Чжан Синь-Юань И ДР. | Оригинальная статья

Ground

Number Before and after
of cases
treatment

Experimental
group

45

Control
group

46

FPG (mmol/L)

FIN(μIU/L)

TG (mmol/L)

TC (mmol/L)

HDLLDLC(mmol/L) C(mmol/L)
1.13 ± 0.26 2.98 ± 0.61

Before treatment

5.29 ± 0.60

13.59 ± 2.21

2.10 ± 0.78

4.72 ± 0.75

After treatment

3.95 ± 0.13ab

5.11 ± 1.32ab

1.39 ± 0.52ab

4.10 ± 0.77ab

Before treatment

5.32 ± 0.75

12.33 ± 2.54

2.11 ± 0.81

4.75 ± 0.60

1.15 ± 0.27 2.96 ± 0.59

After treatment

5.01 ± 0.15

12.22 ± 2.03

1.71 ± 0.46

4.49 ± 0.61

1.11 ± 0.30

a

a

a

a

1.11 ± 0.29

2.28 ±
0.52ab
2.69 ±
0.57a

Note: Comparison with the same group before treatment: aP<0.05; Comparison with control group after treatment; bP<0.05

Compared with the control group, the success rates of
spontaneous ovulation and pregnancy in the experimental
group were significantly higher than those in the control

group and the difference between the two groups was
statistically significant (P < 0.05) (Table 4.).

Table 4. Comparison of spontaneous ovulation and pregnancy success rate after treatment between the two groups of PCOS
patients (n%)
Ground

Number of
cases

Autonomous ovulation rate

Success rate of pregnancy

Number of cases (n)

Self-help ovulation rate (%)

Number of cases (n)

Pregnancy
success rate (%)

Experimental
group

45

39

86.67

24

53.33

Control group

46

30

65.22

16

34.78

Note: Comparison of two groups P<0.05

BMI, FPG, FIN and AMH levels in the insulin resistance
group were higher than those in the non-insulin resistance

group and the difference was statistically significant
(p<0.05)(Table 5).

Table 5. Comparison of BMI and serum indices between insulin resistance group and non-insulin resistance group in PCOS
patients (n ± s)
Groups

Case number

BMI
(Kg/cm2)

FPG
(mmol/L)

FIN
(μIU/L)

T
(nmlo/L)

AMH
(ng/ml)

Insulin resistance group

42

26.20 ± 2.01

5.24 ± 0.50

17.51 ± 8.01

0.73 ± 0.15

10.21 ±
4.50

Non-insulin resistance
group

49

23.35 ± 2.23

4.30 ± 0.85

12.20 ± 4.56

0.62 ± 0.15

6.64 ±
3.23

t

4.732

3.653

2.845

1.366

3.142

p

0.000

0.000

0.005

0.165

0.001

Correlation analysis between AMH and HOMA-IR in
PCOS patients Pearson linear correlation analysis showed

that AMH level was positively correlated with HOMA-IR
level (P < 0.05 ), as shown in Table 6.

Table 6. Association between AMH level and HOMA-IR
Project
HOMA-IR

AMH
r

P

0.463

0.026

Background polycystic ovary syndrome (PCOS) is
characterized by reproductive disorder and increased risk
of metabolic syndrome [12]. Due to the complex causes
of the disease, the clinical manifestations are mostly
polymorphism, such as menstrual disorder, rare ovulation,
obesity, ovarian polycystic change and hyperandrogen
expression such as acne. Studies have shown that insulin
resistance is an important link in the pathogenesis of
PCOS. In recent years, the incidence of PCOS has increased
significantly, which seriously threatens women's health
[13]. The etiology and pathogenesis of PCOS are still
unclear. Excessive ovarian secretion of AMH is an important
feature of PCOS. AMH is closely related to the number of
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antral follicles and ovulation disorders. The determination
of serum AMH has good diagnostic potential for the
diagnosis of PCOS, and is also a new indicator for
predicting the therapeutic response of PCOS patients.
However, there are still some limitations regarding markers
for the independent diagnosis of PCOS [14]. Studies have
shown that insulin resistance (IR) is another basic feature
of PCOS, which is a key link in the pathogenesis of PCOS.
However, the specific mechanism of IR leading to
PCOS has not yet been fully studied, which may be
associated with the weak response of target organs to
insulin and cause physiological changes. In order to
maintain blood glucose, the body secretes more insulin
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were decreased; and the experimental group decreased
more significantly (p<0.05). BMI, FPG, FIN and AMH levels
in the insulin resistance group were higher than those in
the non-insulin resistance group, and the difference was
statistically significant (p<0.05). Pearson linear correlation
analysis showed that AMH level was significantly positively
correlated with HOMA-IR level (p<0.05). It showed that the
increase of BMI, FPG, FIN and AMH levels in PCOS patients
will further aggravate insulin resistance, which leads to
endocrine disorders and abnormal glucose metabolism.
AMH was related to HOMA-IR level and was significantly
positively correlated. AMH increased with the increase
of HOMA-IR. For obese PCOS patients with high BMI, no
matter whether a series of clinical reproductive indicators
such as AMH are normal or not, they still need to change
their lifestyle and reduce their weight, which further helps
to reduce insulin resistance [20]. This study improved
endocrine metabolism and obesity in PCOS patients
by lifestyle intervention based on body composition.
Especially for obese PCOS is the most economical and
effective treatment. All PCOS patients, regardless of obesity
or not, weight loss should become the first choice in many
treatments. For obese and infertile women with PCOS,
weight loss can be placed in a crucial and critical position,
and weight loss can be combined with other treatments.
We have found that a scientific diet and a regular
exercise pattern can help treat patients with PCOS and can
really improve their health and reduce adverse effects.

Zhang Xin-Yuan ET AL. | Original article

to cause hyperinsulinemia [15]. At present, the Canadian
Association of Obstetrics and Gynecology Doctors
(SOGC) in 2018 recommended lifestyle interventions
(including diet control, exercise, behavioral intervention)
for PCOS guidelines, regulating menstrual cycles and
improving clinical symptoms, including short-acting oral
contraceptives [16]. Hajivandi Leila’s [17] study shows that
inappropriate dietary behavior was the most important
risk factor for obesity in all age groups in PCOS patients.
Lifestyle intervention based on human components is
the most accurate, effective and scientific way of life
intervention for PCOS patients. It is a convenient, safe
and effective intervention method to adjust the living
habits of patients, improve various unhealthy lifestyles,
moderate exercise and adjust the diet structure [18]. It also
improves health-related quality of life and quality of life in
overweight or obese PCOS patients.
Dietz de Loos Alexandra L.P. [19] suggests that all
women with polycystic ovary syndrome receive three
lifestyle interventions before pregnancy, with a goal
of weight loss of 5-10%. Weight loss had a significant
positive effect on the incidence of ovulation dysfunction
and hyperandrogenism. The characteristics and
symptoms of PCOS in all groups were improved,
although these improvements were more pronounced
in lifestyle intervention group. Weight loss itself leads to
improvements in the diagnosis and phenotype of PCOS.
The results of this study showed that there was
no significant difference in human components and
(reproductive) endocrine indices between the two groups
before treatment (P > 0.05). After treatment, the total water
content, intracellular fluid, total extracellular fluid, body
fat percentage, fat content and defatted weight of the
two groups were decreased. Weight, waist circumference,
BMI, T and LH levels decreased; fPG, FIN, TG, TC and LDL-C

CONCLUSION
To sum up, lifestyle interventions based on human body
component can effectively improve endocrine metabolism,
promote ovulation and increase fertility in PCOS patients,
which has better clinical value and improves patients'
quality of life and truly improves their health.
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ABSTRACT
INTRODUCTION. The management of patients with secondary lymphedema of the lower extremities associated with radical treatment
of pelvic cancer (Cancer Related Lymphedema) is extremely problematic due to persistent impairment of the draining function of
regional lymph nodes due to intraoperative dissection and subsequent radiation therapy.
AIM. To compare the effectiveness of complex medical rehabilitation using the kinesio taping method and innovative non-stretchable
compression bandages in patients with secondary lymphedema of the lower extremities associated with radical treatment of pelvic
cancer.
MATERIAL AND METHODS. The study involved 60 patients with stages I-III Cancer Related Lymphedema (according to the classification
of Savchenko T.V., Pokrovsky A.V., 2004) who underwent radical treatment for various forms of pelvic cancer (gynecological cancer in
women and prostate cancer in men), randomized into 2 groups (30 people each). A comprehensive rehabilitation was carried out in
the main group (n=30), including sequential manual lymphatic drainage, skin care, kinesio taping, therapeutic gymnastics in the gym;
Adjustable Non-stretchable Compression Bandages ("circaid juxtafit", Germany). Meanwhile, a Complex Decongestive Therapy was
performed in the comparison group (n=30), which is considered as the "gold" standard of conservative treatment of lymphedema of the
lower extremities, including manual lymphatic drainage, skin care, Multi-layered limb banding using Inelastic compression Bandages.
In order to evaluate the anti-edematous effect the dynamics of the circumferences of the lower extremities, waist circumference and
hip circumference, the Ankle Range of Motion were examined using goniometry, bio-impedancemetry. Laser Doppler Flowmetry was
used to evaluate microcirculatory parameters.
RESULTS AND DISCUSSION. There was a decrease in swelling and thickening of the skin in the thigh, a decrease the external genitalia
edema in patients with Cancer Related Lymphedema in both groups after a course of rehabilitation. There was a regression of swelling
of the feet and lower legs in patients of both groups (p<0.05) after treatment, which was confirmed by a decrease in the circumferences
of the lower limbs. There was an increase in the Ankle Range of Motion (dorsiflexion) from 17.50±1.26° to 19.25±1.52° (p<0.05) in the
main group and from 17.90±1.44° to 18.59±1.10° (p<0.05) in the comparison group. According to the bio-impedancemetry data, there
was a decrease in the extracellular fluid content both in the main group and the comparison group by 2.64% and 2.83%, (p<0.05)
respectively. There was also a comparable decrease in the total fluid content by 2.67% in the main group and 1.90% (p<0.05) in the
comparison group. There were a decrease in body weight by 2.49% and 1.52% (p<0.001), a decrease in fat mass by 2.62% and 4.01%
(p<0.05) in both groups respectively after the course of treatment. According to the Laser Doppler Flowmetry data, there were an
improvement in the indicators of myogenic tone of arterioles and secretory activity of the endothelium, as well as elimination of venular
congestion in patients of both groups (p<0.05).
CONCLUSION. Regression of edema in Cancer Related Lymphedema can be achieved as a result of the use of manual lymphatic
drainage which stimulates the outflow of lymph through lymphatic "watersheds" into adjacent lymphatic territories with intact regional
lymph nodes, which was achieved in both groups. The lymphatic drainage effect of manual lymphatic drainage was supported by the
daily compression profile of bandages (Multi-layered Inelastic Bandages and Adjustable Non-stretchable Compression Bandages) in
patients of both groups. Our study showed that the use of kinesio tapes leveled the difference in compression of approximately 10-15
mmHg between the bandages used (50 mmHg/~60 mmHg).
KEYWORDS: lymphedema, lower extremities, pelvis cancer, prostate cancer, kinesio taping, compressive
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РЕЗЮМЕ
ВВЕДЕНИЕ. Ведение пациентов с вторичной лимфедемой нижних конечностей, связанной с радикальным лечением рака органов малого таза (лимфедемой, связанной с лечением рака), является крайне проблематичным за счет стойкого нарушения дренирующей функции регионарных лимфатических узлов, обусловленной интраоперационной диссекцией и последующей лучевой терапией.
ЦЕЛЬ. Сравнительное изучение эффективности комплексной медицинской реабилитации с применением метода кинезиотейпирования и инновационных нерастяжимых компрессионных бандажей у пациентов с вторичной лимфедемой нижних конечностей, связанной с радикальным лечением рака органов малого таза.
МАТЕРИАЛ И МЕТОДЫ. В исследование включено 60 пациентов с лимфедемой, связанной с лечением рака I-III стадий (по классификации Савченко Т.В., Покровского А.В., 2004), перенесших радикальное лечение по поводу различных форм рака органов малого таза (гинекологический рак у женщин и рак простаты у мужчин), рандомизированных на 2 группы (по 30 человек).
В основной группе (n=30) проводилась комплексная реабилитация, включающая последовательно мануальный лимфодренаж,
уход за кожей, кинезиотейпирование, лечебную гимнастику в зале; регулируемые нерастяжимые компрессионные бандажи
(«circaid juxtafit», Германия). В группе сравнения (n=30) проводилась комплексная противоотечная терапия, являющаяся «золотым» стандартом консервативного лечения хронических лимфатических отеков нижних конечностей, включающая мануальный
лимфодренаж, уход за кожей, многослойное бандажирование конечностей с помощью низкорастяжимых компрессионных бинтов. Для оценки противоотечного эффекта изучалась динамика показателей окружностей нижних конечностей, окружностей
талии и окружностей бедер, диапазона движений в голеностопном суставе с использованием гониометрии, биоимпедансометрии. Для оценки микроциркуляторных показателей применялась лазерная допплеровская флоуметрия.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. У пациентов с лимфедемой, связанной с лечением рака в обеих группах после проведенного
курса реабилитации отмечено уменьшение отеков и уплотнение кожи в области бедра, уменьшение отеков наружных половых органов. После лечения отмечалась регрессия отеков стоп и голеней у пациентов обеих группы (p<0,05), что проявлялось
уменьшением окружностей нижних конечностей. Отмечено увеличение диапазона движений в голеностопном суставе (дорсифлексии) с 17,50±1,26° до 19,25±1,52° (p<0,05) в основной группе и с 17,90±1,44° до 18,59±1,10° (p<0,05) в группе сравнения.
По данным биоимпедансометрии произошло снижение содержания внеклеточной жидкости в основной группе и группе сравнения – на 2,64% и 2,83%, (p<0,05), соответственно. Отмечено также сопоставимое снижение содержания общей жидкости на
2,67% и 1,90% (p<0,05) в основной группе и группе сравнения. В обеих группах после курса лечения произошло снижение массы
тела – на 2,49% и 1,52% (p<0,001), снижение жировой массы – на 2,62% и 4,01%(p<0,05), соответственно. По данным лазерной
допплеровской флоуметрии отмечены улучшение показателей миогенного тонуса артериол, секреторной активности эндотелия, ликвидация венулярного застоя у пациентов обеих групп (p<0,05).
ЗАКЛЮЧЕНИЕ. Регрессии отеков при лимфедеме, связанной с лечением рака возможно добиться в результате применения
мануального лимфедренажа, стимулирующего отток лимфы через лимфатические «водоразделы» в сопредельные лимфатические территории с интактными регионарными лимфатическими узлами, что и было достигнуто в обеих группах. Лимфодренажный эффект мануального лимфедренажа поддерживался суточным компрессионным профилем бандажей (многослойные
низкорастяжимые бандажи и регулируемые нерастяжимые компрессионные бандажи) у пациентов обеих групп. Применение
кинезиотейпов нивелировало разницу в компрессии около 10-15 мм рт.ст. между применяемыми бандажами (50 мм рт.ст./~60
мм рт.ст.), что и показало наше исследование.
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INTRODUCTION
The development of personalized programs of
conservative treatment and rehabilitation of patients with
chronic lymphatic edema of the lower limbs is currently
one of the urgent tasks of restorative medicine due to the
high prevalence of the disease and low effectiveness of
treatment. Chronic lower extremity lymphatic edema (LLE)
affects up to 140-250 million people worldwide [1]. The
share of chronic lymphatic edema of the lower extremities
accounts for about 10% in the general structure of vascular
pathology, according to various authors [2, 3].
Over the past decades, there has been a steady increase
in the number of patients with secondary lymphedema
in developed countries who have undergone surgical
treatment with dissection of regional lymph nodes and
radiation therapy for various forms of gynecological
cancer in women and prostate cancer in men. Thus, 17%
of patients with cervical cancer and 36% of patients with
vulvar cancer develops Cancer Related Lymphedema
after treatment of gynecological cancer with dissection of
lymph nodes after 12 months [4]. In the USA, malignant
neoplasms of the pelvic organs and associated radical
treatment (surgical intervention with dissection of lymph
nodes and radiotherapy) are the most common cause
of the secondary lymphedema of the lower extremities
[5]. Scars and adhesions develop during intraoperative
dissection of regional lymph nodes in radical surgery
for cancer, reducing and blocking lymphatic drainage.
Subsequent radiation therapy of the lymph node area
causes further damage and scar formation, which
significantly complicate lymph flow and lead to
manifesting lymphatic edema [6, 7]. It has been shown
that dissection of lymph nodes in malignant melanoma
increases the risk of lymphedema by up to 80%, although
some studies suggest that the frequency of occurrence is
from 6 to 29%, and when radiation therapy is involved –
from 5 to 49% [8]. The risk of developing Cancer-Related
Lymphedema (CRL) ranges from 3 to 8% in prostate cancer,
and increases by 3-4 times when using post-operative
radiation therapy [6, 9].
In ICD – 11, this clinical form of LLE is isolated into
an independent nosological form and has the code
BE1B – Lymphedema due to surgery or radiation therapy
(Grade 11) [10]. In international scientific databases, this
name corresponds to the definition of Cancer-Related
Lymphedema.
The management of patients with CRL is extremely
problematic [11]. Some peculiarities in the management
of such patients include an unfavorable prognosis

associated with the progression of edematous syndrome,
a large range of contraindicated physio-balneotherapeutic
factors associated with a high risk of metastasis of
the underlying disease with their active use (thermal,
stimulating lymphatic drainage techniques, mineral baths,
cryotherapy). The psychological status is aggravated
by depressive syndrome, asthenia and a decrease in
general and local immune responses in patients with
CRL, who underwent adjuvant treatment [12]. This affects
the behavior of patients, causes increased lability, low
compliance, distrust for doctor's recommendations [9,
13]. Some patients feel unable to control the edema and
develop a fatal attitude when they cease supportive
compression measures. Nevertheless, the steady growth
of patients with this type of edema requires the creation
and testing of rehabilitation protocols with clear criteria
for indications and contraindications to specific methods
used. Both the attending physician and the patient
should be clearly aware that supportive compression
decongestant treatment for this type of lymphedema
should be applied continuously, lasting 24 hours a day, 7
days a week, 12 months a year [14, 15]. It is necessary to
argue the effectiveness and safety of the use of innovative
lymphatic drainage methods (aquatherapy, kinesio taping)
in this group of patients [16-18]. Testing of innovative
compression means – Adjustable Non-stretchable
Compression Bandages (ANCB) is required with Velcro
technology, designed to improve the quality of life of
patients and their adherence to treatment [19, 20].
AIM
This is a comparative study of the effectiveness of
complex medical rehabilitation using the kinesio taping
method and innovative non-stretchable compression
bandages in patients with secondary lymphedema of the
lower extremities associated with radical treatment of
pelvic cancer.
MATERIAL AND METHODS
The study involved 60 patients with stages I-III
CRL (according to the classification of Savchenko T.V.,
Pokrovsky A.V.) [21], who underwent radical treatment
for various forms of pelvic cancer (gynecological cancer
in women and prostate cancer in men), randomized into 2
groups (30 people each).
The stratification of the patients studied in the main
group and the comparison group by age, sex, duration and
severity of the disease is shown in Table 1.

Table 1. Stratification of patients studied in the main group and the comparison group by age, gender, duration and severity
of the disease
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Groups of patients

Age,
yr

Sex

Height,
cm

Body weight, kg

BMI,
kg/m²

Duration of the
disease, yr

Main group (n=30)

57,83±
10,68

m.- 3
f. -27

166,38±
6,63

78,35±
13,58

28,87±
4,64

5,06±
2,86

Comparison group
(n=30)

56,46±
11,06

m. – 3
f. – 27

165,67±
5,94

79,77±
6,68

29,28±
2,13

4,66±
2,32
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Bilateral edema of the lower extremities was noted in
2 patients, which amounted to 3.3%, unilateral edema of
the lower extremities was noted in other cases (96.3%).
The features of edema in CRL are as follows: unilateral
nature, predominance of localization in the hip area,
increased density of subcutaneous tissue during palpation

(non-pitting lymphedema), lack of regression after a night's
rest, predominance of lesions of the proximal etremities
(hip, knee) in the early stages of the disease.
The distribution of patients by clinical stages of the disease is presented in Table 2.

Clinical stages of lymphedema

Main group (n=30)

Comparison group(n=30)

II stage

5 (16,7%)

8 (26,7%)

III stage

25 (83,3%)

22 (73,3%)

In the main group (30 people), a comprehensive
rehabilitation was carried out, including sequential
manual lymphatic drainage (MLD), skin care, kinesio
taping, therapeutic gymnastics ( TG) in the gym;
Adjustable Non-stretchable Compression Bandages
(ANCB "circaid juxtafit", Germany). In the comparison
group (30 people), a Complex Decongestive Therapy
(CDT) was performed, which is considered as the "gold"
standard of conservative treatment of LLE, including
MLD, skin care, multi-layered limb banding using inelastic
compression bandages (MLIB).
The following research methods were used to assess the
effectiveness of medical rehabilitation after treatment: an
anthropometric method of measuring the circumferences
of the lower extremities from the lower and middle thirds
of the lower leg, middle and upper thirds of the thigh, waist
circumferences (WC) and hips circumferences (HC) before
and after the course of treatment.
Ankle goniometry was used to determine the dynamics
of the ankle range of motion indicators (dorsiflexion/
plantar flexion).
The bioimpedance measurement (BIM) method was
used to study the distribution of body composition and
quantify edema and adipose tissue in the body using
ABC-02 "Medass" body composition analyzer ("MEDASS",
Moscow, Russia).
The study of microcirculation was conducted using the
method of laser Doppler flowmetry (LDF) with "LAKK-02"
device (LAZMA, Russia).

RESULTS AND DISCUSSION
Positive dynamics of clinical manifestations of the
disease was noted in patients with CRL in both groups
after a course of rehabilitation: a slight decrease in severity,
fatigue in the affected limb in the evening, a significant
decrease in swelling and compaction of the skin in the
thigh area, a decrease in edema of the external genitalia.
The study of the dynamics of edema of the lower
extremities showed that initially in both the main group
and the comparison group the circumferences of the
lower legs and thighs were comparable and averaged: the
malleolar circumference – 26.28±3.41 cm and 26.14±2.57
(p>0.05); the upper third of the thigh – 61.04±7.59 cm and
59.78±6.46 cm (p>0.05), respectively.
After the treatment, there was a significant positive
dynamics of regression of edema of the feet and lower
legs in patients of the main group and the comparison
group (p<0.05), which was manifested by a decrease in the
circumferences of the lower extremities (Table 3).
There was a significant decrease in asymmetry in the
lower third of the lower leg compared to the intact limb by
57.03% (p<0.001), a significant decrease in malleolar volume,
limb circumferences at the level of the middle third of the
lower leg, middle and upper thirds of the thigh from 5.47%
to 10.09% (p<0.001) in the patients of the main group.
After a course of CDT, the patients in the comparison
group showed regression of edema in the lower and
middle third of the lower legs, middle and upper thirds
of the thigh from 5.38% to 9.35% (p<0.001), a decrease in
limb asymmetry at the level of the lower third of the lower
leg by 56.64% (p<0.001).
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Table 2. Distribution of patients with lymphedema of the lower extremities by clinical stages of the disease (classification
Savchenko T.V., Pokrovsky A.V., 2006) (abs/%)

Table 3. Dynamics of regression of edema of the lower legs in the patients with CRL after a course of rehabilitation, cm (M±SD)
Anthropometric
indicators of the
lower extremities
(circumference), cm

Before
treatment

Main group (n=30)
After
treatment

Δ,
%

Before
treatment

Comparison group (n=30)
After
treatment

Δ,
%

Maleolar circumference, cm

26,28±2,65

23,80±3,18*

-9,44

26,14±2,57

24,0±3,12
*

-8,19

Middle third of the lower
leg, cm

43,33±4,14

38,96±3,78**

-10,09

43,02±3,88

39,0±3,72
**

-9,35

Middle third of the thigh,
cm

57,81±5,67

54,65±4,98**

-5,47

57,13±5,64

54,06±4,89
**

-5,38

Upper third of the thigh,
cm

59,78±6,46

55,71±5,81**

-6,81

61,04±7,59

57,42±6,57
**

-5,94

Asymmetry in lower third
of the lower leg, cm

6,19±1,67

2,66±0,97
**

-57,03

6,25±1,59

2,71±0,91
**

-56,64

Note: * p<0.05; ** p<0.001 – the reliability of the differences in the average values compared to the initial indicators
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The study revealed the absence of significant
differences in the dynamics of anthropometric indicators
after the treatment in both groups. Initially, the functional
insufficiency of the lower leg muscular venous pump
(MVP) was revealed in patients with CRL due to a limited
Ankle Range of Motion, as evidenced by a decrease in
dorsiflexion and plantar flexion compared with age-related
normative values and intact limbs.
Under the influence of the rehabilitation course, an
increase in the range of active movements in the ankle

joint was noted in the patients of the main group: the
range of flexion (dorsiflexion) of the foot (DF) increased
from 17,50±1,26° to 19,25±1,52° (p<0.05), the range of
plantar flexion of the foot (PF) increased from 38,93±3,49
° to 40,13±3,09 ° (p<0,05). There was an increase in the
ankle range of motion in the patients of the comparison
group from 17,90±1,44° to 18,59±1,10° (p<0.05) with
a dorsiflexion, from 38,15±3,00° to 39,59±2,87° (p>0.05)
with a plantar flexion respectively (Table 4).

Table 4. Dynamics of goniometry (dorsiflexion, plantar flexion) of the ankle joint in patients with CRL, (M±SD)
Indicator

Main group (n=30)

Comparison group (n=30)

Before
treatment

After
treatment

Before
treatment

After
treatment

Plantar flexion, PF, degrees

38,93±3,49

40,13±3,09*

38,15±3,00

39,59±2,87

Dorsiflexion
AROM, DF, degrees

17,50±1,26

19,25±1,52*

17,90±1,44

18,59±1,10*

Note: AROM is Ankle Range of Motion, * p<0.05 – the reliability of differences compared to the indicators before treatment

The patients of the main group demonstrated
a significant dynamics of dorsiflexia indicators were
revealed due to a more pronounced regression of edema
in the distal extremity (foot and lower third of the lower
leg) and MVP of the lower leg, which promotes increased
performance when walking.
The proposed rehabilitation complex, including MLD,
kinesio taping, TG in the gym and ANCB was accompanied

by an improvement in ankle joint mobility in patients with
CRL due to a more pronounced regression of distal and
proximal edema.
After the rehabilitation course, the patients of both
groups showed a significant decrease in such indicators of
bioimpedance measurement (BIM) as the content of total
fluid (TF), extracellular fluid (ECF), body weight, fat mass
(FM), lean mass (LM), waist/hip index (Table 5).

Table 5. Dynamics of bioimpedance parameters of patients with CRL before and after treatment, (M±SD)
Bioimpedance parameters

Main group (n=30)

Comparison group (n=30)

Before
treatment

After
treatment

Before
treatment

After
treatment

Body weight, kg

78,35±13,58

76,40±12,50**

79,77±6,68

78,56±5,99**

BMI, kg/m²

28,87±4,64

28,08±4,17**

29,28±2,13

28,84±2,04*

Waist/Hip index

0,87±0,07

0,84±0,08*

0,88±0,08

0,85±0,06*

Phase angle, degrees

6,48±0,86

6,54±0,72

6,26±0,67

6,37±0,73*

Fat mass, %

32,90±8,68

32,04±8,67*

33,7±8,74

32,35±7,98*

Lean weight, kg

53,35±7,56

52,63±7,11*

53,87±4,94

52,78±5,12*

Active cell mass, kg

29,32±5,10

29,07±5,05

29,88±3,73

29,72±3,65

Musculoskeletal mass, %

23,33±4,27

23,0±3,84

23,73±2,78

23,45±2,80

Total fluid, kg

39,06±3,48

38,02±3,26*

39,11±5,45

38,37±5,23*

Extracellular fluid, kg

16,31±1,98

15,88±1,79*

16,64±1,23

16,17±1,19*

Note: * p<0.05; ** p<0.001 – the reliability of differences in average values compared to the initial indicators

The dynamics of body composition indicators according to the BIM data indicated a pronounced decongestant effect of the rehabilitation complexes used, as evidenced by a decrease in extracellular fluid content in the
main group and the comparison group by 2.64% and
2.83%, (p<0.05) respectively. There was also a comparable
decrease in the total fluid content by 2.67% in the main
group and 1.90% (p<0.05) in the comparison group.
In both groups, there was a decrease in body weight
by 2.49% and 1.52% (p<0,001) respectively. There was also
a decrease in fat mass after the rehabilitation course by
2.62% and 4.01% (p<0.05) respectively.
The obtained data confirmed the effective decongestant effect of the complexes used in both groups, which

54

was also accompanied by a lipolytic effect due to stimulation of lipolysis and mobilization of fat depots. The
lymphatic drainage effect of MLD was effectively supported by ANCB bandage systems with a pressure of ~50
mmHg.
Spastic type of microcirculation was determined in all
patients with CRL before treatment according to LDF data
(wavelet transform) (Table 6).
An increase in neurogenic (NT) and myogenic tone (MT)
of arterioles, a decrease in the level of endothelial oscillations were revealed. An increase in the Ac/3 σ x 100% was
found, which confirmed the presence of stagnant phenomena at the level of the precapillary link of the microcirculatory bed. Minor changes in the venular link were revealed.

ТЕХНОЛОГИИ ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ И МЕДИЦИНСКОЙ РЕАБИЛИТАЦИИ

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962
indicating an improvement in the functional activity of
the endothelium. There was a trend towards a decrease
in respiratory (R) oscillations, in myogenic tone (MT) and
neurogenic tone (NT), indicating a decrease in the initially
increased tone of arterioles (p<0.05).
The findings indicate that the proposed complex in the
main group led to a significant positive effect on the myogenic tone of arterioles, secretory activity of the endothelium and the elimination of venular stagnation due to the
synergistic lymphatic drainage action.

Table 6. Dynamics of laser Doppler flowmetry indicators according to wavelet analysis in patients with CRL before and after
rehabilitation (M=SD)
Indicator

Main group
(n=30)

Comparison group
(n=30)

Before
treatment

After
treatment

Before
treatment

After
treatment

E-Amax/3σx 100%

8,55±2,61

13,18±3,81**

8,78±3,26

13,13±3,65**

N-Amax/3σx 100%

9,91±5,18

13,79±5,83*

9,97±5,40

12,99±4,36*

М-Amax/3σx100%

8,44±4,51

11,07±5,54*

8,34±4,34

10,14±4,15

R-Amax/3σx 100%

5,78±4,13

8,02±4,42*

5,89±4,03

7,47±3,88

C-Amax/3σx 100%

7,38±5,38

7,33±3,06

6,88±5,32

7,55±3,20

NT

4,35±2,37

3,09±1,90*

4,38±2,38

2,86±1,38*

MT

5,63±3,70

3,98±2,34*

5,27±2,80

3,45±2,24*

BP

1,25±0,28

1,33±0,42

1,23±0,48

1,26±0,39
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The microcirculation index (MI) was below normal values,
which indicated a spasm of the fetal vessels.
After a course of rehabilitation, the patients in the main
group revealed: an increase in the index of endothelial (E),
neurogenic (N), myogenic (M) and respiratory (R) oscillations, a decrease in myogenic tone (MT) and neurogenic
tone (NT), indicating a decrease in the initially increased
tone of arterioles (p<0.05), a decrease in stagnation in the
capillary link, correction of endothelial dysfunction.
An increase in endothelial (E) and neurogenic (N) oscillations were found in the patients of the comparison group

Note: * p<0.05; ** p<0.001 – the reliability of the differences in the average values compared to the initial indicators

The study of microcirculation indicators in patients
with CRL in the comparison group revealed a significant
improvement in endothelial and neurogenic fluctuations,
a decrease in increased myogenic and neurogenic tone
of arterioles, which also led to an improvement in the
secretory activity of the endothelium under the influence
of CDT. Thus, the CDT technique have a pronounced
microcirculatory effect along with the decongestant
effect due to a decrease in interstitial ultrafiltration and an
improvement in venous and lymphatic outflow from the
lower extremities in CRL.
CDT includes the use of MLIB with a target pressure
of ~60 mmHg and high rigidity (SSI=20-30 mmHg) [22,
23], which is accompanied by a significant restriction
of movement in the ankle joint due to the creation of
a cylindrical profile of the bandage using pelots and
volumetric lymphatic polyurethane pads in the area of
internal and external ankles, restricting movement when
walking. The use of MLIB also requires the participation
of a specialist, who has been trained for the application
technique in authorized clinics, as it is a highly operatordependent technique [23].
In previous studies, it was found that the use of ANCB
“circaid juxtafit” has a number of advantages over the use
of MLIB: they create a target compression pressure of 50
mm Hg, which can be adjusted by the patient himself
using a special scale, have high rigidity, do not lose the
target pressure level due to the ability to reconfigure the
bandage system independently at any time of the day,
without consulting a specialist [24, 25].
Adequate physical activity is recommended to all
patients with LLE in the form of daily long-term walking.
Technologies of Restorative Medicine and Medical Rehabilitation

Interval aerobic exercise should be carried out under the
condition of mandatory compression support. At the
same time, an adequate compression profile, maintaining
the correct walking pattern, minimizing the limitation of
the ankle range of motion, limiting the activity of muscle
pumps should be a prerequisite. The mobility of the ankle
joint in combination with a competent muscle pump of the
lower leg with the safety of the valves of the venous system
provides a full-fledged lymphatic and venous outflow from
the lower extremities [26].
In an earlier study, it was found that the use of MLIB,
which is an obligatory component of CDT, leads to an
increase in the efficiency of the lower leg MVP along with
the decongestant effect, which is confirmed by an increase
in the average extension force, the maximum extension
force but limits the AROM (dorsiflexion) by 47% of the
initial indicator. The use of an alternative decongestant
method of ANCB compression also increases the
performance of the muscle pump. It increases the average
extension force, the maximum extension force, while the
restriction of the AROM occurs only by 20% [27].
ANCB is not inferior to traditionally used MLIB for the
treatment of LLE, not only in decongestant action but also
in improving the performance of the muscle pump. At the
same time, its negative impact on the limitation of the
AROM is much less pronounced than the MLIB.
CONCLUSION
The experience in treating patients with CRL shows
that edema in this form of LLE is difficult to regress and
subsequent control [11]. Regression of edema in CRL can
be achieved as a result of the use of MLD, which stimulates
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the outflow of lymph through lymphatic "watersheds" into
adjacent lymphatic territories with intact regional lymph
nodes, which was achieved in both groups. The use of
the kinesio taping method in patients of the main group
allowed to consolidate the effect of MLD, since the anchors
of the tapes were superimposed in the projection of
functioning lymph nodes, and the strips of tapes along the
lymph vessels of the limb for 24 hours. Thus, the lymphatic
drainage was maintained through lymphatic "watersheds"
to adjacent lymphatic territories during the day.
The effect of MLD was also supported by the daily
compression profile of bandages (MLIB and ANCB) in
patients of both groups. The use of kinesio tapes leveled
the difference in compression of about 10-15 mmHg

between the bandages used (50 mmHg/~60 mmHg),
which our study showed.
ANCB compression bandages can be recommended
to patients with CRL as an alternative to the traditionally
used MLIB bandages in the intensive and supportive
phases of CDT, with the possibility of replacing ANCB at
night with "night" garments with a low pressure profile
(~15 mmHg) and massaging built-in foam channels, due
to the content of crushed polyurethane foam. When using
ANCB, the patients with CRL have the opportunity to take
daily hygiene procedures, which they are deprived of when
using MLIB, which may increase the patients' compliance
with the compression therapy.
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Динамическая электронейростимуляция в реабилитации:
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РЕЗЮМЕ
ВВЕДЕНИЕ. Оперативное лечение колоректальных злокачественных новообразований, увеличивая общую выживаемость,
нередко определяет сохранение болевого синдрома, что приводит к снижению качества жизни пациентов. Болеутоляющие
лекарственные средства имеют побочные эффекты и осложнения, что определяет поиск и внедрение немедикаментозных
технологий.
ЦЕЛЬ. Оценить эффективность включения динамической электронейростимуляции в реабилитацию пациентов после оперативного лечения по поводу колоректального рака для коррекции болевого синдрома, вегетативной дисфункции и показателей
качества жизни.
МАТЕРИАЛ И МЕТОДЫ. В условиях центра амбулаторной онкологической помощи при ГБУЗ НСО «Городская клиническая больница № 2» (г. Новосибирск), обследовано 60 мужчин и женщин 35-65 лет, с верифицированными злокачественными новообразованиями ободочной кишки и прямой кишки после оперативного лечения, разделенных на 2 группы: 1-я (основная группа, n=40)
в дополнение к стандартной терапии получала 15-дневный курс динамической электронейростимуляции (ДЭНС) от аппарата
«НЕЙРОДЭНС-ПКМ»; 2-я (группа сравнения, n=20) получала стандартный лечебный комплекс, состоящий из химиотерапии, симптоматической фармакотерапии и лечебной гимнастики. Обследование включало оценку болевого синдрома по валидизированным шкалам, исследование вегетативного статуса, выраженность тревоги и депрессии, параметры качества жизни.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. У пациентов 1-й группы снижение алгий к 5-му и 15-му дню реабилитации составило в 1,2 и 2,4
раза от исходного соответственно, по завершении реабилитации удалось корригировать показатель баланса вегетативной
нервной системы (LF/HF) в 4,8, а индекс централизации – в 6,0 раз от исходного, снизить показатель тревоги и депрессии по
шкале HADS в 1,5 раза, улучшить качество жизни по шкалам SF-36: физического функционирования – в 1,5 раза, боли – в 1,2 раза,
общего здоровья – 1,5 раза, что отличалось от аналогичных показателей во 2-й группе. Динамическая электронейростимуляция
от аппарата «НЕЙРОДЭНС-ПКМ» может оказывать болеутоляющий и вегетокоррегирующий эффекты вследствие активации антиноцицептивных структур мозга, влияния на супрасегментарные отделы вегетативной нервной системы.
ЗАКЛЮЧЕНИЕ. Включение динамической электронейростимуляции от аппарата «НЕЙРОДЭНС-ПКМ» в реабилитацию пациентов после оперативного лечения злокачественных новообразований колоректальной области позволяет ускорить купирование болевого синдрома, скорректировать нейровегетативную регуляцию и уровень тревожности, что способствует улучшению
качества жизни пациентов.
КЛЮЧЕВЫЕ СЛОВА: злокачественные новообразования, колоректальный рак, динамическая электронейростимуляция, реабилитация, вегетативный статус, тревога и депрессия, качество жизни, симпатический и парасимпатический отдел вегетативной
нервной системы
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ABSTRACT
INTRODUCTION. Surgical treatment of colorectal malignancies, while increasing overall survival often determines the persistence of
the pain syndrome, causing a decrease in the quality of life of patients. Pain-relieving medicines have side-effects and complications,
which determines the search for and introduction of non-medicinal technologies.
AIM. To evaluate the effectiveness of incorporating dynamic electroneurostimulation in the rehabilitation of patients after surgical
treatment for colorectal cancer to correct pain syndrome, autonomic dysfunction and quality of life indices.
MATERIAL AND METHODS. 60 male and female patients aged between 35 and 65 with a verified diagnosis of the colon and rectum
malignant neoplasms after surgical treatment were examined in the conditions of the outpatient oncological care center at the State
Medical Institution “City Clinical Hospital No. 2” (Novosibirsk). They were divided into 2 groups: the 1st group (the main group, n=40)
in addition to standard therapy received a 15-day course of dynamic electroneurostimulation (DENS) performed with «NEURODENSPCM» device, the 2nd group (the comparison group, n=32) received a standard treatment including chemotherapy, symptomatic
pharmacotherapy and exercise therapy. The examination included assessment of pain syndrome using validated pain scales, the
vegetative status, anxiety and depression, quality of life parameters.
RESULTS AND DISCUSSION. The patients of the 1st group showed 1.2- and 2.4 times reduction of algias by the 5th and 15th day of
rehabilitation respectively. Upon completion of the rehabilitation the autonomic nervous system balance index (LF/HF) was adjusted
by 4.8 and the centralization index by 6.0 times against the baseline, the anxiety and depression index on the HADS scale was reduced
by 1.5 times, the quality of life on the SF-36 scale improved: physical functioning by 1.5 times, pain by 1.2 times, general health by 1.5
times, which differed from the similar indicators in the 2nd group.
Dynamic electroneurostimulation using "NEURODENS-PCM" device can have pain-relieving and vegetative-regulating effects due to
activation of antinociceptive brain structures and influence on suprasegmental parts of the autonomic nervous system.
CONCLUSION. The inclusion of dynamic electroneurostimulation using «NEURODENS-PCM» device in the rehabilitation of patients
after surgical treatment of malignant neoplasms in the colorectal region enables a faster relief of pain syndrome, adjustment of the
neurovegetative regulation and the anxiety level, which contributes to improvement of the ' quality of life of patients.
KEYWORDS: colorectal neoplasms, cancer, anxiety, depression, quality of life, autonomic nervous system
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ВВЕДЕНИЕ
Злокачественные новообразования (ЗНО) – одна из
основных причин смертности и инвалидизации населения, при этом колоректальная локализация ЗНО занимает одно из значимых мест [1, 2]. Применение комбинированных лечебных схем ЗНО, которые состоят из
оперативного вмешательства, лучевых и химиотерапевтических методов, позволяет снизить риск рецидива опухоли и повысить пятилетнюю выживаемость,
но имеет ряд побочных эффектов и осложнений, влияющих на качество жизни больных [3, 4]. Осложнения
после лечения больных колоректальным раком с применением радикального хирургического и лучевого

и химиотерапевтического методов, приводят к тому, что
восстановление нарушенных функций и структур организма пациента происходит только через три-четыре
месяца [5, 6].
Одной из самых частых жалоб больных после радикальных операций по поводу ЗНО является боль, при
этом фармакологическая нагрузка имеет ряд побочных эффектов и осложнений, что делает актуальным
поиск и внедрение новых мало затратных технологий
[7]. Указанное приобретает дополнительную актуальность в связи с Приказом Минздрава России № 187н от
14.04.2015 «Об утверждении порядка оказания паллиативной медицинской помощи взрослому населению»1 [8].

Приказ Минздрава России от 14.04.2015 г. №187н «Об утверждении Порядка оказания паллиативной медицинской помощи взрослому населению» - Текст: электронный, система ГАРАНТ (дата обращения: 07.09.2022) / Order of the Ministry of Health of the Russian Federation dated April
14, 2015 No. 187n «On approval of the Procedure for the provision of palliative care to the adult population» - Text: electronic, GARANT system (date of
access: 09/07/2022).
1
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Работами Mummоlо S., Nоta A., Tессо S., Сarusо S.,
Marсhеtti Е., Marzо G., Сutilli T. было показано болеутоляющее и миорелаксирующее влияние низкочастотной
электроимпульсной терапии [8]. Инновационную методику лечения импульсными токами низкой частоты
представляет нейроподобная динамическая электронейростимуляция (ДЭНС), имеющая в своей основе
импульсный ток силой 400-700 мкА, амплитуда и длительность импульсов которого постоянно изменяется
за счет команд от блока биологической обратной связи
[9]. Проведенные клинико-экспериментальные наблюдения дают основания предполагать, что механизм
анальгезирующего влияния ДЭНС определяется каскадом нервнорефлекторных и нейрогуморальных процессов, инициирующих многоуровневые регуляторные
и адаптационные реакции [10, 11]. Несмотря на многочисленные исследования, в доступной литературе
недостаточно сведений о применении ДЭНС в реабилитации больных в восстановительном периоде после
оперативного лечения колоректальных злокачественных новообразований для коррекции болевого синдрома и вегетативной дисфункции, что и обусловило
выполнение данного исследования.
ЦЕЛЬ
Обосновать эффективность включения динамической электронейростимуляции в реабилитацию пациентов после оперативного лечения по поводу колоректального рака для коррекции болевого синдрома,
вегетативной дисфункции и показателей качества
жизни.
МАТЕРИАЛ И МЕТОДЫ
В условиях центра амбулаторной онкологической
помощи (ЦАОП) при ГБУЗ НСО «Городская клиническая
больница № 2» (главный врач – проф. Л.А. Шпагина), г.
Новосибирска, клинической базы ФГБОУ ВО «Новосибирский государственный университет» Минздрава России, было осмотрено и пролечено 60 мужчин и женщин
35-65 лет (средний возраст 57,4±6,1 года) с подтвержденным диагнозом: злокачественное новообразование
ободочной кишки (код МКБ-10: С18.9-С 20), Т3-4N0-1М0,
состояние после оперативного лечения. Диагноз формулировался согласно Международной классификации
болезней 10-го пересмотра, и подтверждался результатами КТ/МРТ и гистологического обследования.
Временной период от момента выявления заболевания у обследованных, среди которых мужчины
составили 40,0% (24 чел.) и женщины – 60,0% (36
чел.), колебался в пределах от 5 месяцев до 1,5 лет.
При этом, опухолевый процесс в области ободочной
кишки был выявлен у 75,0% (45 чел.), в проекции прямой кишки – у 25,0% (15 чел.). Радикальное хирургическое вмешательство было выполнено за 4-8 месяцев
(средняя продолжительность 5,3±1,2 месяца) до поступления пациентов на реабилитацию. Все обследованные предъявляли жалобы на алгический симптомокомплекс в нижней части живота и проекции малого таза,
повышенную тревожность, быструю утомляемость, слабость. Кроме того, 50% (30 чел.) осмотренных отмечали
наличие болей в поясничном отделе позвоночника,
области нижних конечностей.
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Критерии включения в исследование: 1) пациенты
в восстановительном периоде после оперативного
лечения по поводу колоректальных злокачественных
новообразований (4-8 месяцев); 2) возраст 35-65 лет.
Критериями не включения в исследование были: 1)
распространение опухолевой инфильтрации до стенок таза; 2) прорастание смежных органов или крупных сосудов; 3) сопутствующие болезни кардиоваскулярной, респираторной и пищеварительной систем
в стадии декомпенсации или обострения; 4) высокая
степень ожирения (III-IV ст.); 5) повышенная чувствительность к электрическому току, 6) имплантированный
кардиостимулятор.
В соответствии с международными этическими
требованиями ВОЗ, от всех пациентов было получено
добровольное информированное согласие на участие
в исследовании, форма которого была рассмотрена
и одобрена на заседании комитета по этике ФГБОУ ВО
«Новосибирский государственный медицинский университет» Минздрава России от 26.03.2020, протокол
№ 124. Кроме того, всем участникам исследования
были представлены материалы о сущности и методах
исследования.
Все пациенты осматривались онкологом, терапевтом, неврологом с последующим изучением общего
и биохимического анализа крови, клинического анализа мочи. Оценка выраженности алгий проводилась
по комбинированной шкале, которая включала в себя
сочетание визуального и вербального тестирования
[12]. Состояние вегетативной нервной системы (ВНС)
проводилось с применением аппаратно-программного
комплекса «ВНС-Микро», с возможностью мониторирования электрокардиограммы, с последующей обработкой полученных результатов программным обеспечением «Поли-Спектр-Ритм» (РУ № ФС 02262003/0974-04
от 09.12.2004 г.). Реактивность вегетативной нервной системы и вегетативное обеспечение деятельности изучалась по данным кардиоваскулярных проб по
Еwing D.J. [13]:
1. Проба с глубоким управляемым дыханием (дыхательная проба);
2. Проба Вальсальвы;
3. Активная ортостатическая проба;
4. Проба с изометрическим сокращением. Оценка
психофизиологических параметров проводилась с применением шкалы HADS (Hоspital Anxiеty and Dеprеssiоn
Sсalе), позволяющей оценивать выраженность тревоги
и депрессии [14]. Для оценки уровня качества жизни
использовалась русифицированная версия опросника
SF-36 [14].
Включенные в исследование пациенты методом
почтовых конвертов были распределены на две группы,
в том числе: 1-я группа (40 чел., основная) получала
базовый комплекс (курсы химиотерапию по рекомендованным протоколам, симптоматическая фармакотерапия, лечебная гимнастика), дополненный процедурами
ДЭНС от аппарата «НЕЙРОДЭНС-ПКМ» на протяжении 15
дней. 2-ая группа (20 чел., группа сравнения) лечилась
с применением только базового терапевтического комплекса. Этическим комитетом было не рекомендовано
выделять отдельную группу плацебо-воздействия для
данной группы пациентов.
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распределения для оценки значимости различий независимых выборок выполнялся однофакторный дисперсионный анализ для независимых наблюдений. При
отличии распределения изучаемых выборок от нормального использовался непараметрический Н-тест,
согласно методике Крускала и Уоллиса. При объеме
выборки более 50 и частотах более 5, таблицы сопряженности оценивали с применением критерия согласия χ2, а при невыполнении этих требований – точного
критерия Йетса. Полученные данные указывали в виде
«среднее ± ошибка среднего» (М ± m). При проверке
статистических гипотез в настоящем исследовании
критический уровень значимости принимался равным
0,05.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ
Исследование алгий в динамике реабилитации
указывало на неодинаковую скорость уменьшения
болевого синдрома в группах наблюдения (рис. 1): у
пациентов 1-й группы, по комбинированной шкале в
баллах, уже к пятому дню реабилитационного курса
было зафиксировано достоверное снижение балла
алгий в 1,2 раза от исходного уровня (p=0,043), к
десятому – в 1,6 (p=0,014), к пятнадцатому дню – в 2,4
раза (p=0,001). В то же время у пациентов во 2-й группе
значимое уменьшение боли было зафиксировано лишь
к десятому дню реабилитации, и только в 1,17 раза
(p=0,047), а к завершению периода наблюдения имело
место дальнейшее снижение от изначальных цифр в
1,6 раза (p=0,015), что отличалось от показателей 1-й
группы.
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Динамическая электронейростимуляция проводилась согласно методическим рекомендациям разработчиков аппарата, во время воздействия «НЕЙРОДЭНС-ПКМ» пациент располагался на кушетке
в горизонтальном положении. Процедура проводилась обученным медицинским работником с использованием выносных зональных электродов «ДЭНАС-Аппликатор». Воздействию ДЭНС подвергались левая
подвздошная область, при частоте подачи тока 140
Гц, и пояснично-крестцовая зона (ромб Михаэлиса)
по программе «10-77 Гц». Интенсивность подачи тока
в обеих проекциях составляла до 30 условных единиц (по ощущениям), продолжительность процедуры
равнялась по 20 минут на зону. При возникновении
жалоб, которые могли быть связаны с процедурой
ДЭНС, или изменениях субьективного самочувствия
участники исследования имели возможность контакта
с врачом-исследователем.
Математический расчет полученных фактических
данных выполнялся на персональном компьютере
с использованием пакета статистических программ
Statistiсs 17.0. Проверка распределения признаков на
нормальность выполнялась с применением критерия
Колмогорова-Смирнова. При нормальном законе распределения с целью оценки статистической значимости различий зависимых выборок (до и после лечения) применялся t-критерий Стьюдента для парных
наблюдений. При распределении изучаемых выборок,
отличном от нормального, использовался Т-критерий
Вилкоксона, для сопоставления качественных признаков – критерий Фишера. При нормальном законе

*
*
*

Рис. 1. Изменение болевого синдрома по комбинированной шкале в сравниваемых группах до и после реабилитации
(в баллах)
Примечание: * – критерий достоверности различий относительно исходных данных (р<0,05)
Fig. 1. Changes in pain syndrome on a combined scale in the compared groups before and after rehabilitation (in points)
Note: * – reliability of intra-group differences (р<0,05)
Проведение комплексной реабилитации обусловило
изменения показателей вегетативного статуса обследованных (табл. 1): так, у пациентов в 1-й группе цифровое
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значение баланса вегетативной нервной системы ВНС
(LF/HF) сократилось в 4,7 раза (p=0,017), в то время как
во 2-й группе – в 2,5 раза (p=0,025).
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Таблица 1. Показатели спектрального анализа в сравниваемых группах до и после реабилитации
Table 1. Spectral analysis indicators in the compared groups before and after rehabilitation
Показатели /
Indicators

До лечения / Before treatment

После лечения / After treatment

ФЗ/BR

АОП/AOT

ФЗ/BR

АОП/AOT

ТР, мс /Гц/ms /Hz

1054±225

799±25

6045±184*^

2531±181*^

LF/HF (усл.ед/c.u.)

2,4±1,7

4,8±0,3

0,46±0,5*^

3,4±0,2*^

VLF,%

44,2±3,2

67,6±3,6

25,3±0,2*^

29,3±0,2*

LF,%

38,6±8,8

37,1±1,4

23,9±1,4*

54,3±2,5*

HF,%

14,2±0,7

7,6±0,4

48,3±0,7*^

16,3±3,1*

IC

6,0±0,7

-

1,0±0,1*^

-

2
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1-я группа (n=40) / 1st group (n=40)

2

2-я группа (n = 20) / 2nd group (n=20)
ТР,
мс2/Гц/ms2/Hz

1236±113

891±34

4931±81*

1125±67*

LF/HF (усл.ед/c.u.)

2,6±0,1

5,9±0,4

1,0±0,4*

4,2±0,5*

VLF,%

52,6±8,5

67,4±4,2

30,8±5,7*

24,6±1,7*

LF,%

31,8±7,4

42,1±3,1

31,3±1,6*

60,8±2,4*

HF,%

14,1±0,4

7,2±0,4

31,1±1,4*

14,4±5,3

IC

5,3±0,1

-

1,9±0,3*

-

Примечание: * – достоверность различий в группах до и после коррекции, р<0,05, ^ – достоверность различий между группами
после коррекции, р<0,05, ФЗ – фоновая запись,
АОП – активная ортостатическая проба, ТР – общая мощность спектра, LF/HF – показатель баланса отделов вегетативной
нервной системы, VLF,% – очень низкочастотные колебания, LF,% – низкочастотные колебания, HF,% – высокочастотные
колебания, IC – индекс централизации
Note: * – reliability of differences in groups before and after correction, p<0,05, ^ – reliability of differences between groups after correction,
p<0,05, BR – background recording, AOT – active orthostatic test, TSP – total spectrum power, LF/HF – balance indicator of the autonomic
nervous system, VLF,% – very low frequency fluctuations, LF,% – low frequency fluctuations, HF,% – high frequency fluctuations, IC –
centralization index

При обследовании пациентов обеих групп было
отмечено значимое снижение (в 1,68 раза) доли компонента церебральных эрготропных влияний (VLF)
в структуру спектра, а также уменьшение доли симпатических влияний ВНС (LF), определяемое по соотношению VLF<LF<HF. При этом, увеличение доли парасимпатического звена ВНС(HF) в структуре спектра
достигло в 1-й группе 34,2% против 17,1% – во 2-й
(р=0,023). Цифровые значения индекса централизации
(IС) сократились у обследованных в 1-й группе в 6,1 раза
от изначальных величин (р=0,001), что свидетельствовало о переходе вегетативной регуляции к автономному режиму управления, в то время как во 2-й группе
меньше – в 2,78 раза (р=0,018). Рост общей мощности
спектра (ТР) у пациентов 1-й группы в 5,1 раза (р=0,001)
позволял говорить об улучшении функционального
состояния вегетативной нервной системы, тогда как
во 2-й группе изменения составили только в 3,1 раза
(р=0,017). Положительные изменения вегетативной
реактивности у пациентов обеих групп, обнаруженные
после коррекции, указывали на удовлетворительное
состояние симпатической и парасимпатической реактивности. Следует отметить, что динамика вегетативного обеспечения в настоящем исследовании реализовалось вследствие нарастания в спектре доли волн
LF-диапазона (LF>HF>VLF). При межгрупповом анализе
было установлено нарастание индекса LF/HF в 1-й в 7,38
раза, тогда как во 2-й – значимо меньше и составило 4,2
раза (р<0,001).
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Наибольшие сдвиги в состоянии вегетативных
показателей были выявлены у пациентов в 1-й группе
к окончанию периода наблюдения: превалирования
активности симпатического звена ВНС не регистрировалось, преобладание активности парасимпатического
звена ВНС наблюдалось у 27,9%, тогда как у ¾ обследованных (72,3%) определялась сбалансированная вегетативная регуляция. Вместе с тем, избыточная активность
симпатического и парасимпатического отделов вегетативной нервной системы выявлялась у равного числа
осмотренных во 2-й группе – 8,4% случаев, а сбалансированный тип – у 83,2%, что совпадало с показателями
1-й группы.
Аналогичные изменения были зафиксированы
при изучении данных кардиоваскулярных проб (КВП),
позволяющих делать заключение о состоянии вегетативного обеспечения деятельности. Так, у пациентов в 1-й группе показатель КВП к завершению периода наблюдения уменьшился в 3,58 раза (р=0,001), что
незначительно отличалось от нормативных параметров, результаты тестов у всех обследованных носили
отрицательное значение (рис. 2).
Во 2-й группе данные КВП свидетельствовали
о положительных, хотя и меньших, чем в 1-й группе
изменениях: уменьшение показателя в 1,69 раза
(р=0,012) указывало на повышение функциональных
возможностей вегетативной нервной системы.
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Рис. 2. Динамика усредненного показателя кардиоваскулярных проб в различных группах до и после
реабилитации (условные единицы)
Примечание: * – достоверность внутригрупповых различий, р<0,05, ^ – достоверность межгрупповых различий, р<0,05
Fig. 2. Dynamics of the average index of cardiovascular tests in different groups before and after rehabilitation (conventional units)
Note: * – the criterion for the reliability of intra-group differences, p<0,05, ^ – the criterion for the reliability of intergroup
differences p<0,05
Вместе с тем, уровни вегетативного обеспечения
деятельности, близкие к патологическим, были зарегистрированы у 25,0% пациентов, в то время как у 75,0%
осмотренных полученные данные соответствовали

нормативным цифрам.
Субклинические признаки тревоги или депрессии,
согласно опроснику HADS, изначально выявлялись
у 100% обследованных в обеих группах (рис. 3).

^
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Рис. 3. Показатели тревоги/депрессии по шкале HADS в сравниваемых группах до и после реабилитации (в баллах)
Примечание: * – критерий достоверности внутригрупповых различий, р<0,05, ^ – критерий достоверности
межгрупповых различий, p<0,05
Fig. 3. Indicators of anxiety/depression on the HADS scale in the compared groups before and after rehabilitation (in points)
Note: * – the criterion for the reliability of intra-group differences, р<0,05, ^ – the criterion for the reliability of intergroup
differences, p<0.05
К завершению периода наблюдения у осмотренных
1-й группы изучаемый параметр уменьшился в 1,5 раза
(p=0,015), что свидетельствовало о снижении уровня
тревожности. В то же время, у пациентов во 2-й группе
аналогичные показатели имели тенденцию к улучшению, но указывали на сохранение признаков тревоги
или депрессии.
Technologies of Restorative Medicine and Medical Rehabilitation

Анкетирование по опроснику SF-36, проведенное
всем пациентам при формировании групп реабилитации и после завершения периода наблюдения, свидетельствовало о значимой положительной динамике
у опрошенных 1-й группы по шкалам, характеризующим
физическое и психическое здоровье (рис. 4).
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1-я группа/1st group

Рис. 4. Показатели качества жизни по шкале SF-36 в сравниваемых группах до и после реабилитации (в баллах)
Примечание: * – критерий достоверности внутригрупповых различий, p<0,05, ^ – критерий достоверности
межгрупповых различий, p<0,05, PF – физическое функционирование, RP – ролевое функционирование, обусловленное
физическим состоянием, ВР – Интенсивность боли, MH – психическое здоровье, RE – ролевое функционирование,
обусловленное эмоциональным состоянием, SF – Социальное функционирование, VT – жизненная активность, GH –
общее состояние здоровья
Fig. 4. Quality of life indicators on the SF-36 scale in the compared groups before and after rehabilitation (in points)
Note: * – the criterion for the reliability of intra-group differences, p<0,05, ^ – the criterion for the reliability of intergroup
differences, p<0,05, PF – Physical Functioning, RP – Role-Physical Functioning, ВР – Bodily Pain, MH – Mental Health, RE – RoleEmotional Functioning, SF – Social Functioning, VT – Vitality, GH – General Health
В частности, по шкале физического функционирования улучшение отмечено в 1,5 раза (p=0,028), шкале
боли – в 1,2 раза (p=0,037), общего здоровья – 1,5 раза
(p=0,025). Наибольшие сдвиги отмечались по шкалам
эмоционально-ролевого функционирования – в 1,7
раза (p=0,009) и ментального здоровья – в 2,0 раза
(p=0,001). У пациентов 2-й группы, изменения были
меньшими, хотя и носили значимый характер.
Возможно предполагать, что при воздействии на
кожу электрическими импульсами определенной
частоты и формы в задних рогах спинного мозга блокируется проведение болевого импульса по тонким немиелинизированным волокнам за счет стимуляции током
толстых миелинизированных волокон, в терминальных
участках нервной системы стимулируется выделение
эндогенных опиоидов, которые могут корригировать
выраженность болевого синдрома [15]. Афферентная
импульсация от аппаратов ДЭНС может не замыкаться
на уровне задних рогов спинного мозга и достигать
супрасегментарных структур, активируя выработку
клетками лимбического комплекса нейропептидов из
группы эндорфинов, приводящей к торможению восприятия болевых сигналов, поступающих в центральную нервную систему от периферических участков [8].
Таким образом, эффективность использования ДЭНС
в лечении болевого синдрома может быть обусловлено
активацией антиноцицептивной системы [16].
Результаты проведенного исследования позволяют
говорить, что включение ДЭНС в комплексную реабилитацию пациентов в восстановительном периоде после
оперативного лечения по поводу злокачественных
новообразований толстого кишечника может влиять на
состояние проводимости за счет улучшения микроциркуляторных процессов в периневральных сосудистых
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2-я группа/2nd group

сплетениях, уменьшения болевого синдрома вследствие выброса нейропептидов и вегетокоррегирующего эффекта. Результаты исследования указывают на
эффективность применения динамической электронейростимуляции от аппарата «НЕЙРОДЭНС-ПКМ» у пациентов в восстановительном периоде после операций
по поводу злокачественных новообразований колоректальной области для уменьшения болевого синдрома
и вегетативного дисбаланса, что оказывает положительное влияние на психоэмоциональное состояние и качество жизни пациентов.
ЗАКЛЮЧЕНИЕ
1. У пациентов в восстановительном периоде после
оперативного лечения по поводу колоректальных злокачественных новообразований дополнение лечебно-реабилитационного комплекса процедурами ДЭНС
от аппарата «НЕЙРОДЭНС-ПКМ», позволяет достигнуть быстрой (к пятому дню реабилитационного курса)
и значимой (в 1,2 раза, p=0,043) коррекции болевого
синдрома, тогда как в группе сравнения – только к десятому дню реабилитации.
2. Включение ДЭНС от аппарата «НЕЙРОДЭНС-ПКМ»
в лечебно-реабилитационный комплекс больных в восстановительном периоде после оперативного лечения колоректальных злокачественных новообразований, способствует коррекции исходно повышенного
показателя баланса вегетативной нервной системы,
уменьшении в 1,68 раза церебральных эрготропных
и симпатических влияний, что свидетельствует об
уменьшении процессов централизации, чего не наблюдается в группе сравнения.
3. У пациентов в восстановительном периоде после
оперативного лечения по поводу колоректальных
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злокачественных новообразований оптимизация реабилитационных комплексов процедурами ДЭНС от
аппарата «НЕЙРОДЭНС-ПКМ» помогает в коррекции
изначально повышенного показателя тревоги/депрессии по шкале HADS в 1,5 раза, положительно влияет
на показатели качества жизни по опроснику SF-36,

улучшая параметры шкалы физического функционирования в 1,5 раза, шкалы боли – в 1,2 раза, общего здоровья – в 1,5 раза, эмоционально-ролевого функционирования – в 1,7 раза и ментального здоровья – в 2,0 раза,
тогда как в группе стандартного лечения изменения
носили менее значимый характер.
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ABSTRACT
INTRODUCTION. Urinary incontinence in children is an interdisciplinary problem. The prevalence of urinary incontinence ranges from
3.1% to 8.6% and decreases with age. Urinary incontinence can be caused by both organic (diseases of the genitourinary system,
neurological pathology) and functional causes. One of the methods of non-drug correction of urinary incontinence is extracorporeal
magnetic stimulation, used in adult patients. At the same time, the effectiveness of the method among the pediatric population has
not been sufficiently studied.
AIM. To study the effectiveness and safety of extracorporeal magnetic stimulation in the comprehensive rehabilitation of children with
neurogenic urinary incontinence.
MATERIAL AND METHODS. A prospective open randomized controlled clinical study included 75 pediatric patients (from 5 years to 16
years and 6 months) with a clinical form of day and night urinary incontinence, who were divided by simple randomization into a main
group (n=39), who received a standard rehabilitation and extracorporeal magnetic stimulation program for 21 days, and a comparison
group (n=36), in which the standard rehabilitation program did not include the use of extracorporeal magnetic stimulation.
RESULTS AND DISCUSSION. A prospective open randomized comparative study revealed that the clinical effectiveness of the
extracorporeal magnetic stimulation method in the comprehensive rehabilitation of children with neurogenic urinary incontinence
is 94.8%, which is 25.4% higher than in the comparison group. After treatment, patients in the main group had a noticeable decrease
in urinary incontinence episodes, an increase in the micturition volume, and an improvement in the quality of life. Patients with
various background neurological pathology responded to treatment, which indicates the common pathogenetic mechanisms of the
development of lower urinary tract symptoms in these conditions and the independence of the final effect from the basic diagnosis.
CONCLUSION. The use of the perineal extracorporeal magnetic stimulation method in children with neurogenic urinary incontinence
increases the effectiveness of rehabilitation and is a promising and safe direction of rehabilitation treatment.
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Безопасность и эффективность магнитной стимуляции
в реабилитации детей с нейрогенным недержанием мочи:
проспективное открытое рандомизированное контролируемое
клиническое исследование
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РЕЗЮМЕ
ВВЕДЕНИЕ. Недержание мочи у детей является междисциплинарной проблемой. Распространённость недержания мочи колеблется от 3,1% до 8,6% и уменьшается с возрастом. Недержание мочи может быть вызвано как органическими (заболевания
мочеполовой системы, неврологическая патология), так и функциональными причинами. Одним из методов немедикаментозной коррекции недержания мочи является экстракорпоральная магнитная стимуляция, применяемая у взрослых пациентов.
В то же время эффективность метода среди педиатрической популяции изучена недостаточно.
ЦЕЛЬ. Изучить эффективность и безопасность ЭМС в комплексной реабилитации детей с нейрогенным недержанием мочи.
МАТЕРИАЛ И МЕТОДЫ. Мы включили в проспективное открытое рандомизированное контролируемое клиническое исследование 75 пациентов педиатрического профиля (от 5 лет до 16 лет и 6 месяцев) с клинической формой дневного и ночного недержания мочи, которые были разделены методом простой рандомизации на основную группу (n=39), получавшую стандартную
программу реабилитации и экстракорпоральную магнитную стимуляцию в течение 21 дня, и группу сравнения (n=36), в которой
стандартная программа реабилитации не включала использование ЭМС.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Проспективное открытое рандомизированное сравнительное исследование показало, что клиническая эффективность метода экстракорпоральной магнитной стимуляции в комплексной реабилитации детей с нейрогенным недержанием мочи составляет 94,8%, что на 25,4% выше, чем в группе сравнения. После лечения у пациентов основной
группы заметно уменьшилось количество эпизодов недержания мочи, увеличился объем мочеиспускания, улучшилось качество
жизни. На лечение показало эффективность в случае с пациентами с различной фоновой неврологической патологией, что свидетельствует об общих патогенетических механизмах развития симптомов нижних мочевыводящих путей при этих состояниях
и независимости конечного эффекта от основного диагноза.
ЗАКЛЮЧЕНИЕ. Применение метода экстракорпоральной магнитной стимуляции промежности у детей с нейрогенным недержанием мочи повышает эффективность реабилитации и является перспективным и безопасным направлением восстановительного лечения.
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INTRODUCTION
Urinary incontinence (UI) in children is an interdisciplinary problem that requires the attention of many specialists, such as urologists, neurologists, psychologists, physical
therapists, pediatricians and others. In pediatric practice,
urinary incontinence is involuntary leakage (excretion) of
at least 1 ml of urine at least once a week in a child over 5
years of age [1]. UI can be observed both during the day
and at night (enuresis). The incidence of various urinary
incontinences is 3-3.5% among adolescents and up to 20%
among children aged between 7 and 14 years [2]. The prevalence of UI, according to various epidemiological studies,
ranges from 3.1% to 8.6% and decreases with age [3, 4].
Meanwhile, UI can be due to both organic (diseases of the
urogenital system, neurological pathology) and functional
causes. National and foreign researchers' observations
show that functional disorders prevail in the structure of
urinary disorders in 90% of cases, which are a consequence
Technologies of Restorative Medicine and Medical Rehabilitation

of modern psychosocial influences on the child [2, 5, 6].
Over the past decades, our knowledge of the mechanisms of the regulation of urination has increased considerably. This has provided a better understanding of the
control of bladder accumulation and emptying under normal and pathological conditions, which has contributed to
a more complete understanding of the principles of action
of the existing treatment methods [7].
Lower urinary tract (LUT) functions: accumulation and
periodic evacuation of urine – depend on the coordinated
activity of the bladder muscles and the outlet, consisting of
the bladder neck, urethra and urethral sphincter. The coordination between these organs is provided by a complex
system of nervous regulation, the structures of which are
located in the brain, spinal cord, peripheral and intramural
ganglia [8-10].
Afferent information from the bladder is transmitted
through the pelvic and hypogastric nerves, whereas from
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the bladder neck and the urethra the signal is transmitted
through the genital and hypogastric nerves [8, 11]. The
afferent components of these nerves consist of myelinated
(Aδ) and unmyelinated C-axons [12]. Aδ fibers respond to
passive stretching and active contraction and thus transmit
information about the bladder filling. C-fibers are insensitive to bladder filling under physiological conditions
and respond mainly to strong stressors, such as chemical agents or cooling [12]. The spinal centers of the pelvic
nerves are located in the lateral horns of the spinal cord at
the level of segments S2-S4, and the hypogastric nerves –
at the level of T10–L2 [13, 14]. Between themselves, as well
as with the higher brain structures involved in the control
of the lower urinary tract functions, the regulatory centers
are connected by projective connections [13].
Urothelial cells also play a role in the sensory mechanisms of the bladder. The urothelium has signaling

properties that allow it to respond to chemical and
mechanical stimuli and to communicate with nerve fibers
in the bladder wall by releasing active substances (e.g., acetylcholine, adenosine triphosphoric acid, nitric oxide) that
can regulate the activity of the neurogenic response and,
thereby, induce local vascular changes or reflex contractions of the bladder [15-19].
The accumulation phase of the bladder is provided by
the activity of the sympathetic nervous system (hypogastric nerve, intermediolateral nuclei of the spinal cord segments Th10-L2, pontine storage/accumulation center),
meanwhile the detrusor parasympathetic innervation is
inhibited (pelvic nerve, sacral micturition center, pontine
micturition center), and smooth and transversely striated
parts of the urinary sphincter are activated, preventing the
spontaneous emptying of the urinary bladder (Fig. 1) [20].

Fig. 1. Neural pathways controlling urine retention and urination (adapted from [20])
The bladder emptying phase is associated with
the work of the parasympathetic nervous system and
suppression of sympathetic influences. It is important to
note that in this case urination is normally activated by
relaxation of the external urethral sphincter, which is the
only arbitrary mechanism of regulation of the lower urinary
tract and mediated peripherally by the pudendal nerve.
The mechanisms involved in the accumulation and
excretion of urine undergo noticeable changes during the
prenatal development and in the period of infancy. Thus, in
the fetus, the regulation of the evacuation phase of urine
occurs through mechanisms at the level of the bladder;
further, with development, the emptying is regulated by
simple reflex pathways controlled by spinal cord centers. As
the child grows and the central nervous system (CNS)
matures, the reflex emptying eventually comes under the
influence of higher brain centers and becomes a conscious
process [21, 22].
Thus, the regulation of urination and urine
accumulation is a complex, hierarchical process involving
both peripheral and central neural control structures.
In this connection traumas and diseases of the nervous
system, some psychogenic conditions can result in
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a violation of the coordinated system of regulation,
changes in the activity of cortical control centers,
"disinhibition" of spinal centers and activation of simple
reflexes of urination [23, 24].
UI in children may have the following forms:
1. Physiological urinary incontinence (children under 5
years of age;
2. Bedwetting- enuresis – involuntary intermittent
urination while sleeping in a child over 5 years of age [25].
Enuresis may be due to a combination of several factors:
polyuria (due to impaired daily secretion of antidiuretic
hormone), bladder dysfunction against the background
of delayed maturation at various levels of neural
control, difficulty in awakening, family predisposition
and psychological triggers. At the same time, some
recent studies have shown that it is not psychological
factors that cause enuresis, but instead enuresis causes
behavioral abnormalities and social maladjustment
[26]. Monosymptomatic enuresis is characterized by
the absence of any symptoms of lower urinary tract
dysfunction, while non-monosymptomatic enuresis is
combined with other symptoms of lower urinary tract
dysfunction, which occur mostly in the daytime;
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suggests the activation of various structures involved in
the regulation of the lower urinary tract function when
exposed to magnetic field [30, 31].
Currently, the mechanism of action of magnetic
stimulation on the physiology of the lower urinary tract
remains incompletely studied. The multi-stage and
complex nervous regulation of the process of urinary
retention and urination act suggests the possibility of
involvement of various structures in response to the effects
of magnetic field. It was demonstrated that the clinical
and urodynamic effects of magnetic stimulation are most
likely associated with the restoration of integration of
regulatory reflexes, with a neuromodulation effect, when
there is a change in activity (inhibition or excitation) of
structures of the central, peripheral and vegetative nervous
systems [31]. According to some researchers, during
magnetic stimulation of the pelvic floor, the suppression
of hyperactivity of the bladder is realized by mechanisms
similar to those of electrical stimulation [30, 31]:
− stimulation of afferent fibers in the pudendal nerve
with subsequent activation of hypogastric nerve at low
intravesical pressure in the phase of urine accumulation;
− direct suppression of the pelvic nerve at high
intravesical pressure;
− supraspinal inhibition of the detrusor activating
reflex.
The results of clinical and experimental studies indicate
that the method of extracorporeal magnetic stimulation
of the pelvic floor has a predominantly neuromodulatory
effect and is effective against irritative forms of urinary
dysfunction. Thus, extracorporeal magnetic stimulation is
a promising method of physical therapy in the rehabilitation
of patients with urine incontinence. At the same time, the
clinical data on the application of the method in pediatric
practice that were published are insufficient, which explains
the relevance of the present study.
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3. Urinary incontinence in the daytime is caused by
organic (bladder dysfunction due to the organic injury
of the central nervous system (trauma, malformations),
somatic diseases, diseases of the urinary system
(epispadias, etc.)) and functional causes (Idiopathic urinary
incontinence) [1, 27].
Prevalence of inappropriate urination in pediatric practice and lack of unified approaches to therapy result in
the development and individualization of treatment programs, including pharmacotherapy and non-pharmacological technologies. In rehabilitation programs for pelvic
organ dysfunction, methods of non-medical therapy are
often used: therapeutic exercises, methods of instrumental physical therapy (electro stimulation (ES), laser therapy,
hyperbaric oxygenation, drug electrophoresis, amplipulse
therapy, heat therapy, ultrasound therapy), behavioral therapy. A rational combination of drug and physical therapy
methods increases the effectiveness of rehabilitation programs for children with pelvic organ dysfunction. Thereby,
the safety of the techniques used in pediatric practice and
minimization of side effects are of paramount importance.
From this point of view, the search for effective and safe
nonpharmacological technologies and the development
of therapeutic methods for children with pelvic organ dysfunction on their base seem to be relevant.
Among adult patients with lower urinary tract dysfunction (stress and imperative UI), the method of extracorporeal magnetic stimulation (EMS) has been quite widespread
since the 1990s. In contrast to electrical stimulation, which
is a well-studied and popular method for treating this category of patients, with direct stimulation of afferent and
efferent nerve fibers, pulsed magnetic field (PMF) causes
mediated secondary depolarization of the nerve fiber
through the emerging voltage difference, which results
in further spread of excitation and subsequent effects [28,
29]. Direct ES of the tissue triggers electrochemical reactions, which can be the reason for possible tissue damage,
and also reduces the stimulating effect by changing the
impedance. Similar effects are not observed when exposed
to a magnetic field, which freely passes through the tissue
in the area where the inductor is applied. Thus, despite similar physical and biological mechanisms, magnetic stimulation is the preferred method due to its higher effectiveness
and safety. This is evidenced by the following facts:
1. the ability of magnetic stimulation to penetrate all
tissue structures without attenuation of the impulse;
2. loss of electric field strength induced by the magnetic
impulse is much less than when it is generated by applying
surface electrodes during electro stimulation, which allows
stimulating deep-seated structures without pain and
discomfort associated with the generation of current on
the skin surface;
3. magnetic stimulation does not require any special
preparation of the skin and a full physical contact with it,
i.e. the effect is achieved even at a distance of several tens
of millimeters of the stimulated surface from the inductor
[29].
A lot of published data testify to the apparent influence
of magnetic stimulation on lower urinary tract function.
When using magnetic stimulation, many researchers
have achieved the effect of treating pathogenetically
heterogeneous forms of urinary dysfunction, which

AIM
To study the effectiveness and safety of extracorporeal
magnetic stimulation in the comprehensive rehabilitation
of children with neurogenic urinary incontinence
MATERIAL AND METHODS
Study design: An open, prospective, randomized
controlled clinical study was conducted. Informed consent
had been obtained from the child's legal representative
and the child's consent to participate in accordance
with the Declaration of Helsinki before the study began.
The study was approved by a local ethics committee of
L.I. Shvetsova Scientific and Practical Center for Medical
and Social Rehabilitation (Minutes No. 5 of 21.12.2021.).
The study included 75 children (between 5 and 16,
5 years old), who received a rehabilitation course in
L.I. Shvetsova Scientific and Practical Center for Medical
and Social Rehabilitation, between January 2021 and
February 2022. The group of participants included 35 girls
and 40 boys.
Inclusion criteria: pediatric patients with urinary
dysfunction as a clinical form of daily (imperative) and
nocturnal urinary incontinence.
Exclusion criteria: Inflammatory processes in the pelvic
organs in the acute stage; Urinary incontinence due to
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inflammatory infectious diseases of the genitourinary
system; presence of acute infectious diseases; implanted
metal objects that are incompatible with exposure to
the magnetic field; implanted electronic devices that
control physiological functions of the body; neoplasms or
suspected tumor process; exacerbation of hemorrhoids;
recurrent thrombophlebitis; pelvic bleeding (hematuria,
metrorrhagia, rectal bleeding); presence of systemic
blood diseases; refusal to sign informed consent by the
child's legal representative; lack of consent of the child to
participate in the study.
To perform extracorporeal magnetic stimulation
(EMS) “Avantron Pro" device was used. The spectrum of
frequencies that can be achieved by the device is from 1
to 100 Hz. Various frequency parameters of extracorporeal
magnetic stimulation have been used in previous and
published clinical studies, while there was no significant
difference in the therapeutic effect of pulsed magnetic
field with different frequencies on irritative symptoms of
the lower urinary tract dysfunction.
The following protocol of extracorporeal magnetic
stimulation was applied in this study: The treatment was
applied to the pelvic floor area (for this purpose the child
was offered to sit in a chair with a magnetic inductor
built into the seat) at a frequency of 5 Hz (exposure for
4 sec, pause for 5 sec) during the first 5 sessions and at
a frequency of 10 Hz (exposure for 5 sec, pause for 6 sec)
during the following 5 sessions. The exposure intensity was
selected individually and averaged 40% of the maximum
possible stimulator power of 0.45 Tesla (the reference point
was the child's physical sensations in the form of vibration).
The total duration of the procedure was 15 minutes. The
treatment course was 10 procedures with a frequency of 3
times a week.
Before the treatment, all the patients had undergone
an ultrasound examination of the bladder to rule out
inflammatory changes and the presence of residual
urine.
To evaluate the results of the course of therapy, a diary
of urination for 72 hours was used (frequency of urination,
volume of excreted urine, volume of consumed liquid). In
order to estimate the rhythm of voluntary urination in relation
to physiological age norm we used the table developed
by A.V. Papayan and N.D. Savenkova [32]. To evaluate the
degree of urinary incontinence and its impact on patients'
quality of life, we used a questionnaire on the impact of
urinary incontinence on quality of life ICIQ – SF (International
Conférence on Incontinence Questionnaire Short Form)
[33]. The impact of a course of comprehensive rehabilitation
on the quality of life of patients, as perceived by parents,
was evaluated using the PedsQL (Pediatric Quality of Life
Inventory) questionnaire for different age groups.
Statistical analysis of the dynamics of the studied
indicators between the groups was performed by Wilcoxon
rank sum test; the data in the tables are presented as
quartiles and median. The relationship was examined using
correlation analysis, calculating the Spearman correlation
coefficient. The significance level of differences was
defined as ≤0.05.

When examining the background diagnosis on
admission, it was found that all the patients had
a neurogenic nature of urinary incontinence: 45.2% of
the patients were diagnosed with ICP (infantile cerebral
palsy), In 32.4% of cases, an organic damage of the
central nervous system (stroke, congenital developmental
anomalies) was detected, which was accompanied by
childhood autism in 13.2% of cases; myelodysplasia was
diagnosed in 22.4% of cases, with Arnold-Chiari syndrome
concomitant in 3 observations.
At the treatment stage, one patient was excluded from
the study due to exacerbation of chronic inflammation
of the lower urinary tract with elimination of pathogenic
microflora from urine. From the past medical history, it
was known that a month before admission the child had
received a course of treatment on the "Avantron pro"
device at another treatment and prevention facility without
urine examination, which caused an increase in episodes
of dysuria and urinary incontinence. In our opinion, this
deterioration could be related to an exacerbation of
chronic inflammation in the bladder wall due to increased
blood supply to the pelvic organs against the background
of an undetected infection in the lower urinary tract (which
was established after the discharge) under the influence of
EMS.
The patients were randomly divided into two groups.
There were 39 patients in the main group, who received
the standard program of a comprehensive rehabilitation
for 21 days (therapeutic exercises, a course of psychological
rehabilitation, medical electrophoresis, laser therapy,
amplipulse therapy) and a course of extracorporeal
magnetic stimulation procedures with "Avantron
Pro" device. Other physiotherapeutic interventions
(electrophoresis, laser therapy, amplipulse therapy) were
performed on areas not related to lower urinary tract. The
patients in the comparison group (n=36) received only
a standard rehabilitation program.
RESULTS AND DISCUSSION
All the patients completed the course of treatment; no
adverse reactions associated with exposure to magnetic
stimulation were registered. According to the results of the
study, the rhythm of daily urination normalized in the main
group after a course of complex rehabilitation, the volume
of urination was restored. These changes were reliable.
There was a significant decrease in the incidence of urinary
incontinence, a significant decrease in the severity of
urinary incontinence according to the questionnaire ICIQ –
SF. The results of the parents' survey demonstrated an
improvement in the quality of life of children in the main
group (Table 1).
The comparison group showed less significant results
after the standard rehabilitation program. There was
only a trend of improvement in the rhythm of daily
urination, a significant decrease in the incidence of urinary
incontinence and correction of urinary incontinence
severity according to the questionnaire ICIQ – SF. All other
parameters under study showed no significant positive
changes (Table 1).
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Table 1. Dynamics of the studied indicators before and after the rehabilitation course in the main group and the comparison
group
Main group (n=39)

Comparison group (n=36)

Frequency of daily urination, qty

10[7;11,5]^
8[5,5;9]*

10,5[8,5;11,25]#
8,5[6,25;9]*

Frequency of nocturnal urination, qty

3[2,5;4]
1[0,645;2]*

3,5 [3;4]
3 [3;3,25]

Episodes of urinary incontinence, qty

7[5;10]
2[0;4]*

6[4,5;6]
4[3,5;5]*

Single urination volume, ml

95[80;130]
125[98,75;172,5]*

95[87,5;95]
95[92,5;95]

ICIQ-SF, points

14,5[11;18]
10[8;14]*

12[10,25;13,5]
9,5[7,5;10,5]*

PedsQL, points

55[46,5;60]
56,5[49,25;60,75]*

55[49,5;61,5]
55[47,5;60,5]

Note: *the reliability of intergroup differences before and after the treatment was p≤0.05; # the numerator shows the results before the
treatment; the denominator – after the treatment; ^ the data are presented as median (Me), lower (Q1. 25%) and upper (Q3. 75%) quartiles

The results of treatment in the main group of patients
were additionally analyzed by subgroups according to
the background neurological diagnosis. It was found that
children with cerebral palsy demonstrated a significant
improvement in the rhythm of daily urination and an
increase in the volume of single urine. Moreover, there

was a significant decrease in the incidence and severity
of urinary incontinence according to the questionnaire
ICIQ-SF (Table 2). The results of PedsQL parents' survey
demonstrated a reliably positive trend in the integral index
of the quality of life (Table 2).

Table 2. Dynamics of the studied indicators in children with cerebral palsy in the main group after the rehabilitation course
(n=17)
Indicators

Before

After

Reliability (p)

Frequency of daily urination, qty

9[7;15]

7[5,5;11]

0,026*

ICIQ-SF, points

11[11;17]

8,5[7,25;12,75]

0,011*

48[41;55]

51,7[36,25;55]

0,048*

Single urination volume, ml

75[57,5;92,5]

105[85;120]

0,050*

Episodes of urinary incontinence,
qty

5[3;8,5]

2[0;3,5]

0,038*

PedsQL, points
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Indicators

Note: *the reliability of differences was p≤0.05

After a course of complex rehabilitation for patients
with organic lesions of the central nervous system in the
main group (n=13), there was a significant decrease in
the frequency of daily urination (Table 3). Meanwhile, the
dynamics of the index of the single urination volume was
statistically insignificant. The same group demonstrated
a significant reduction in the incidence of urinary

incontinence. A comprehensive rehabilitation using EMS
contributed to a significant reduction in the severity of
urinary incontinence according to ICIQ-SF questionnaire.
The results of PedsQL parents' survey demonstrated
a reliably positive trend in the integral index of the quality
of life (Table 3).

Table 3. Dynamics of the studied indicators after the rehabilitation course in patients with organic lesions of the central nervous
system in the main group (n=13)
Indicators

Before

After

Reliability (p)

Frequency of daily urination, qty

10[6;12]

8[6;9]

0,041*

ICIQ-SF, points

14[9;17]

10[7;13]

0,017*

58[52;60]

59[54;63]

0,038*

Episodes of urinary incontinence,
qty

4[3;5,5]

2[0;2,5]

0,007*

Single urination volume, ml

135[87,5;210]

145[97,5;205]

0,498

PedsQL, points

Note: * the reliability of differences was p≤0.05
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The results of the study in patients with myelodysplasia
in the main group (n=8) showed a correction of the rhythm
of nocturnal urination after the course of rehabilitation and
the volume of a single portion of urine (Table 4). There was
also a positive trend in the dynamics of the daily urination
rhythm index, but the results were not statistically
significant. A course of comprehensive rehabilitation

contributed to a significant reduction in the severity of
urinary incontinence according to ICIQ-SF questionnaire,
which was also accompanied by a positive trend in
improving the quality of life of the patients according
to their parents, as shown the data from PedsQL survey
(Table 4).

Table 4. Dynamics of the studied indicators after the rehabilitation course in patients with myelodysplasia in the main group
(n=8)
Indicators

Before

After

Reliability (p)

Frequency of daily urination, qty

9[7,5;12]

6,5[4;9,75]

0,068

Frequency of nocturnal urination, qty

3[2;4,5]

1[0;1]

0,039*

Single urination volume, ml

90[60;130]

120[90;150]

0,039*

ICIQ-SF, points

15,5[12,5;18,5]

11[8,75;14,5]

0,024*

PedsQL, points

50[45,5;60,25]

53[50,75;60,25]

0,066

Note: * the reliability of differences was p≤0.05

To evaluate the effectiveness of the rehabilitation
course, the following criteria were used: the result
was considered "good" if the episodes of daytime and
nighttime urinary incontinence stopped completely, and
the urinary portions corresponded to the physiological
age norm. The result was considered "satisfactory" if the
incontinence episodes were reduced by at least 50%,
and the urine portions were close to the physiological
norm. The result was considered "unsatisfactory" if there
was no positive change in the function of the pelvic
organs.

The program of the comprehensive rehabilitation using
EMS in the main group was effective in 94.8% of patients,
which was 25.4% more than in the comparison group.
A good result was observed in 55.3% of the patients,
a satisfactory result in 39.5%, and an unsatisfactory result
in 5.2% (Fig. 1). In the comparison (control) group, where
the patients underwent the standard comprehensive
rehabilitation program, 33.3% of the patients showed
a good result and 36.1% showed a satisfactory result. In
30.6% of cases, a satisfactory result could not be achieved.
Thus, the effectiveness of treatment in the comparison
group was 69.4% (Fig. 2).

Fig. 2. Effectiveness of therapy in the main and comparison groups
Among the patients with unsatisfactory results (5.2%
of observations) in the main group, most of them were
children with organic lesions of the central nervous
system. Our experience in this study suggests that for
this category of patients, along with EMS, behavioral
therapy of "forced" urination should be used to improve
voluntary control of lower urinary tract function. For this
purpose, a physiological norm of fluid consumption is
defined according to the child's weight; the daily volume
is divided into 7-8 intakes, after which urination is initiated
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by reminder at intervals of 1.5-2 hours, depending on the
child's age and bladder volume. It should be noted that
the regimen of forced urination in behavioral therapy is
prescribed strictly on an individual basis. Additionally, it
is recommended to educate parents regarding the child's
drinking habits, urination and bladder training at home.
UI is classified as an irritative symptom of lower urinary
tract dysfunction and is a condition that significantly
impairs the quality of life of pediatric patients, regardless
of age and sex [34, 35]. One of the causes of UI is nervous
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of the 5.2% of unsatisfactory results were children of
the subgroup of organic damage of the CNS, which may
be due both to a more complex mechanism of lower
urinary tract dysfunction and the size and peculiarities
of the sample. This circumstance encourages further
studies in this direction. Furthermore, it is interesting to
evaluate the effect of extracorporeal magnetic stimulation
on defecation disorders (encopresis and neurogenic
constipation) in this category of patients.
It is necessary to point out that in some cases it is
appropriate to use behavioral therapy – forced urination to
improve arbitrary control and formation of a stereotype of
"urinary behavior" with the help of the doctor and adults.
CONCLUSION
Extracorporeal magnetic stimulation of the perineal
area is a promising method for rehabilitation of children
with pelvic organ dysfunction and can be viewed as
one of the alternative safe measures in the treatment of
this category of patients, which contributes to reducing
the severity of symptoms. The clinical effectiveness of
extracorporeal magnetic stimulation in neurogenic urinary
incontinence in children is 94.8%. Meanwhile, all the
patients completed the treatment course and no adverse
reactions associated with exposure to magnetic stimulation
were observed, which demonstrates a favorable safety
profile of the method. One should note that the patients
in the active group with different background neurological
pathology responded to the treatment, which indicates
common pathogenetic mechanisms of the lower urinary
tract dysfunction development in these conditions and
independence of the final effect from the basic diagnosis.
Further studies are planned to evaluate the delayed effect
of the method, as well as to study the possibility of its
use in children with combined pelvic organ dysfunction:
urinary incontinence and fecal incontinence.

Svetlana A. Volovets ET AL. | Original article

system pathology, as this study demonstrated: all the
children in the sample had a background neurological
diagnosis. Among the non-pharmacological methods
of correction of neurogenic urinary incontinence, the
magnetic stimulation is used and well-studied in adult
patients, while studies in pediatric practice are quite rare.
A double blind placebo-controlled study demonstrated
the efficacy of magnetic stimulation of the sacral root
area in monosymptomatic enuresis in children of different
ages [36]. The present work is devoted to the study of
effectiveness and safety of extracorporeal magnetic
stimulation on the perineal area in children with urinary
incontinence of neurogenic nature.
Pulsed magnetic field during extracorporeal magnetic
stimulation acts locally on the perineal area, while
through the mechanism of magnetic induction causing
action potentials to spread in the nerve endings. The
main target when influencing the pelvic floor area with
EMS is the pudendal nerve, stimulation of which causes
both secondary activation of the hypogastric nerve and
sympathetic influences, and activation of the central
mechanisms involved in the process of conscious control
over the function of the lower urinary tract [37, 38]. The
general effect of these influences is a reduction of irritative
symptomatology in the form of reduction of UI episodes,
increase in the volume of single urine.
This study demonstrates the effectiveness and safety
of the extracorporeal magnetic stimulation method on
the perineal area using the original protocol in children
with urinary incontinence of neurogenic nature. Clinical
effectiveness was observed in 94.8% of patients in
the main group. Patients with different background
neurological pathology responded to treatment, which
indicates the common pathogenetic mechanisms of
the lower urinary tract dysfunction in these conditions
and the independence of the final effect from the basic
diagnosis. Nevertheless, it should be noted that most
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ABSTRACT
INTORDUCTION. Patients with multiple chronic diseases are at higher risk of premature death, hospitalization, longer hospital stays,
and reduced health-related quality of life compared to patients with a single disease. On the other hand, the presence of comorbid
conditions limits the enrolment of traditional exercise-based cardiac rehabilitation programs. It is predicted that as life expectancy
increases, the level of multimorbidity will increase, making it even more important to find new additional methods and technologies
for the rehabilitation of cardiac patients with comorbidities.
AIM. To analyze the data from the current publications or to define the validity and effectiveness of using different hypoxic conditioning
regimens in cardiac patients with concomitant chronic pathology (arterial hypertension, obesity, diabetes mellitus, and chronic bronchopulmonary diseases) as well as in multimorbid elderly patients.
MATERIAL AND METHODS. The search for relevant papers was carried out using the Medline, e-library, and Web of Science Core Collection databases, as well as the following keywords: “hypoxic conditioning”, “hypoxic training”, “hypoxic therapy”, “interval hypoxic
therapy”, “intermittent hypoxia”, “hypoxic conditioning”, “interval hypoxia training”, and “hypoxic exposure”. The analysis included publications regarding the use of the hypoxic conditioning method in cardiac and elderly patients with multimorbid pathology, as well
as publications on the use of the method in the rehabilitation of patients with certain nosologies to identify potential mechanisms in
correcting bronchopulmonary violations and lipid and carbohydrate metabolism disorders. The last search date was April 05, 2022.
RESULTS. Most of the analyzed studies proved that the hypoxic conditioning technology in passive interval exposure regimes is an
effective method for non-pharmacological correction of cardiometabolic risks in cardiac patients with multimorbid pathology and can
increase exercise tolerance, optimize hemodynamic parameters (HR, SBP and DBP), reduce the manifestations of bronchial obstruction
and respiratory failure, and improve cognitive function and metabolic indicators. Personalized physical activity doses in oxygen-depleted ambient air appear to be promising, but require additional studies to establish optimal application protocols.
CONCLUSION. The data presented may recommend hypoxic conditioning technologies for wider implementation in cardiac rehabilitation programs for patients with multimorbid pathologies.
KEYWORDS: Cardiac rehabilitation, comorbidity, hypoxic conditioning, interval hypoxic training
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Гипоксическое кондиционирование в программах реабилитации
и вторичной профилактики кардиологических пациентов
с коморбидной и мультиморбидной патологией: обзор
Лямина Н.П.*1, Спирина Г.К.2, Глазачев О.С.3

РЕЗЮМЕ
ВВЕДЕНИЕ. У пациентов с множественными хроническими заболеваниями риск преждевременной смерти, госпитализации,
длительного пребывания в стационаре и снижения качества жизни, связанного со здоровьем выше, чем у пациентов с одним
заболеванием. С другой стороны, наличие коморбидных заболеваний ограничивает охват традиционными программами кардиологической реабилитации, основанными на физических упражнениях. Прогнозируется, что по мере увеличения продолжительности жизни уровень полиморбидности будет расти, что делает еще более важным поиск новых дополнительных методов
и технологий для реабилитации кардиологических пациентов с сопутствующими заболеваниями.
ЦЕЛЬ. Проанализировать данные современных публикаций или определить обоснованность и эффективность использования
различных режимов гипоксического кондиционирования у кардиологических пациентов с сопутствующей хронической патологией (артериальная гипертензия, ожирение, сахарный диабет и хронические бронхолегочные заболевания), а также пожилых
пациентов с полиморбидными заболеваниями.
МАТЕРИАЛ И МЕТОДЫ. Поиск соответствующих работ проводился с использованием баз данных «Medline», «E-library» и «Core
Collection» (Web of Science), а также следующих ключевых слов: "гипоксическое кондиционирование", "гипоксическая тренировка", "гипоксическая терапия", "интервальная гипоксическая терапия", "прерывистая гипоксия", "гипоксическое кондиционирование", "интервальная гипоксическая тренировка" и "гипоксическое воздействие". В анализ были включены публикации,
касающиеся применения метода гипоксического кондиционирования у кардиологических и пожилых пациентов с полиморбидной патологией, а также публикации об использовании метода в реабилитации пациентов с определенными нозологиями
для выявления потенциальных механизмов в коррекции бронхолегочных нарушений и нарушений липидного и углеводного
обмена. Дата последнего поиска – 05 апреля 2022 года.
РЕЗУЛЬТАТЫ. Большинство проанализированных исследований показали, что технология гипоксического кондиционирования в режимах пассивного интервального воздействия является эффективным методом нефармакологической коррекции кардиометаболических рисков у кардиологических больных с полиморбидной патологией и позволяет повысить толерантность
к физической нагрузке, оптимизировать гемодинамические параметры (ЧСС, SBP и DBP), уменьшить проявления бронхиальной
обструкции и дыхательной недостаточности, улучшить когнитивные функции и метаболические показатели. Персонализированные дозы физической активности в обедненном кислородом окружающем воздухе представляются перспективными, но
требуют дополнительных исследований для установления оптимальных протоколов применения.
ЗАКЛЮЧЕНИЕ. Представленные данные могут быть использованы для рекомендаций технологии гипоксического кондиционирования для более широкого внедрения в программы кардиологической реабилитации пациентов с полиморбидной
патологией.
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INTRODUCTION
The problem of rehabilitation of cardiac patients
with multimorbidity
Cardiac rehabilitation (CR) has proven to be beneficial
in reducing mortality, improving quality of life and preventing rehospitalization associated with cardiovascular
disease (CVD) [1]. However, the level of participation and
adherence to CR programs remains extremely low [2].
CR programs have traditionally been "single-disease" programs focusing on the needs of patients with
Technologies of Restorative Medicine and Medical Rehabilitation

myocardial infarction (MI), and heart failure (HF) following
cardiac and vascular surgery. Meanwhile, cardiac patients
are increasingly suffering from two or more associated
chronic diseases. According to an analysis by the British
Heart Foundation National Audit of Cardiac Rehabilitation
(NACR) Quality and Outcomes Report 2019, approximately
50% of the 6,502 patients receiving cardiac rehabilitation
treatment had two or more comorbidities [3].
It is predicted that the level of multimorbidity will
increase due to demographic changes (increased life
expectancy and increased survival rates). It is important
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to note that patients with multiple chronic diseases are at
higher risk of premature death, hospitalization, longer hospital stays and reduced quality of life compared to patients
with a single disease [3].
On the other hand, the number of comorbid conditions, such as neurological disorders (stroke, paraplegia
and gait disturbances), restrictive lung diseases, obesity,
connective tissue diseases, musculoskeletal disorders and
depression are often barriers to participation in traditional
CR programs and increase the risk of dropping out of CR,
since not all programs consider the needs and capabilities
of patients with multimorbid pathology [3-6].
It should also be noted that in patients with CVD, many
concomitant chronic conditions remain undiagnosed. This
applies to diseases such as chronic obstructive pulmonary
disease (COPD) and restrictive lung diseases, where symptoms like shortness of breath and reduced exercise tolerance “impersonate” cardiac pathology [5].
Thus, the increasing burden and complexity of multimorbidity makes it even more important to search for
additional, novel methods and technologies for the rehabilitation of cardiac patients with both comorbid and concomitant pathologies.
AIM
To analyze the possibilities and effectiveness of hypoxic
conditioning (interval hypoxic exposures at rest and
physical activity in an oxygen-depleted ambient air) in
rehabilitation programs for cardiac patients with comorbid
and multimorbid pathologies. Previously, we provided data
about the use of different protocols for interval hypoxic
therapy in rehabilitation programs for patients with CVD,
but without separate focus on comorbidities [7].
MATERIAL AND METHODS
The search for related works was carried out using the
Medline, e-library, and Web of Science Core Collection
databases, as well as the following keywords: “hypoxic
conditioning”, “hypoxic training”, “hypoxic therapy”, “interval hypoxic therapy”, “intermittent hypoxia”, “hypoxic conditioning”, “interval hypoxia training”, and “hypoxic exposure”. Considering the results of recent clinical studies and
individual experimental studies, we analyzed the data on
the use of different modes of hypoxic conditioning in cardiac patients with the most commonly diagnosed conditions: arterial hypertension (AH), obesity, diabetes mellitus
(DM) and chronic bronchopulmonary diseases, as well as
in elderly patients, which contained data from controlled
clinical trials, experimental studies explaining pathogenetic
mechanisms, and systematic reviews through meta-analysis and publications review performed over the past 5
years. In the absence of studies of a specific nosology in
the last 5 years, we included earlier studies. The analysis
included publications regarding the use of the method
in the previously mentioned areas in cardiac patients, as
well as publications on the use of the method in individual
nosologies to identify potential mechanisms in correcting
bronchopulmonary violation, as well as lipid and carbohydrate metabolism disorder.
Abstracts of conferences and studies with incomplete data were excluded from the analysis. In accordance with the narrative style of this review, a search was
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also conducted for additional publications concerning the
physiological mechanisms of hypoxic effects.
The results of the studies selected for analysis are summarized in Table 1 (see Appendix).
Hypoxic conditioning as a therapeutic factor
The therapeutic effect of air with reduced oxygen content can be understood from the works of Hippocrates,
descriptions of Marco Polo’s mountain travels and other
sources. Observations of the Andean population (~4260 m,
FiO ~11%) indicate that coronary heart disease (CHD) and,
in particular, myocardial infarctions are quite rare among
residents living at high altitudes. In consecutive autopsy
series, not a single case of MI or even CAD was found [8]. In
Switzerland, age-standardized mortality rates (per 100,000
person-years) for coronary artery disease were significantly
higher in men (289) and women (104) living below 300
m above sea level compared to men (242) and women (74)
living at altitudes above 1500 m [9]. Burtscher pointed out
that, from a biological point of view, it is the hypoxia-inducible factor (HIF)-mediated mechanisms that can contribute to the reduction of cardiovascular mortality in residents of medium-high mountainous areas [8]. Activation
of the HIF protein family under the action of various stressors, particularly periodic hypoxia, is used to explain a wide
range of hematological and other effects from the molecular to organ and systemic levels. In this case, the degree of
tissue hypoxia related to the frequency of stress-stimulating effects and recovery/reoxygenation periods is not that
much, which justifies the techniques of interval hypoxic
exposure [10, 11].
The most commonly used protocols in clinical practice are interval hypoxic therapy at rest (IHT – hypoxia-normoxia regimen, IHHT – hypoxia-hyperoxia regimen) and
physical training with individual doses in oxygen-deprived
ambient air.
Hypoxic conditioning in arterial hypertension patients
A recently published systematic review analyzed available data on the effectiveness of incorporating IHT/IHT
courses in the rehabilitation of patients with CVD [12]. Of
the 320 patients included in the study, the vast majority
were elderly patients with comorbid pathologies: CAD/
CHF and AH. The analysis revealed a significant decrease
in heart rate (MD = -5.35 bpm, p = 0.006), systolic blood
pressure (SBP) (MD = -13.72, p < 0.001) mm Hg and diastolic blood pressure (DBP) (MD = -7.88 mm Hg, p = 0.003) in
patients after a course of IHHT/IHT compared to the control
group. Moreover, the course of hypoxic therapy has been
shown to determine the trend towards lower total cholesterol and low-density lipoprotein (LDL) levels [12].
In 2019, Ignatenko et al. [13] comparatively analyzed
the effect of two modes of hypoxic conditioning (IHT with
timed dosing and IHHT with calculated procedural parameters based on individual sensitivity to hypoxia) on the clinical manifestations of ischemia and hypertensive syndrome
in 219 patients with stable angina pectoris together with
arterial hypertension. For the first time, this work evaluates
the overall long-term (within one year) effectiveness of 4
courses of hypoxic training. The authors showed that the
use of IHT/IHHT can potentiate the antihypertensive effect
of the underlying drug therapy: the frequency of achieving
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Hypoxic conditioning and obesity
The World Health Organization (WHO) has recognized
obesity as a new non-communicable "epidemic of the 21st
century". According to the Russian epidemiological study
ESSE-RF, the prevalence of obesity in various regions of
Russia varies between 22.5% and 44.5%, when measured
by BMI and between 43% and 67% in terms of waist circumference [16]. Obesity is an important risk factor for
the development of cardiovascular diseases (CVD), being
responsible for more than 23% of CAD cases and one of
the leading risk factors for the development of fatal cardiovascular events. Obesity is closely associated with other
risk factors (AH, dyslipidemia, physical inactivity, etc.) that
affect the survival of cardiac patients, contributing to early
disability and a decrease in both overall life expectancy
and quality of life due to the development of concomitant
diseases. Therefore, it is essential to correct metabolic disorders and BMI during CR.
Back in 2010, clinical studies were conducted to evaluate the effectiveness of IHHT in patients with metabolic
syndrome (MS) who received basic therapy to resolve
comorbidities without the use of drugs for correcting eating behaviour and body weight. A course of 15 IHHT procedures in passive mode alone or in combination with moderate systemic hyperthermia (one of the groups of patients
received hypoxic conditioning procedures in combination
Technologies of Restorative Medicine and Medical Rehabilitation

with alpha-capsule) has been demonstrated to lead to
a significant reduction in body weight, mainly due to
a reduction in fat mass, accompanied by a decrease in the
level of total cholesterol, LDL, optimization of BP, increased
hypoxic resistance, physical endurance and improved psychological status [17].
In a review by New Zealand colleagues, Lizamore and
Hamlin [18], based on their analysis of 22 studies involving subjects leading a sedentary lifestyle, showed that
a 4-week course of IHT at rest improved submaximal exercise tolerance and reduced sympathetic predominance in
the dynamics of heart rate variability parameters.
Results of one study conducted in 2020 at the University of Grenoble showed that in obese patients with low
levels of physical activity (less than 2 hours per week), passive hypoxic exposures in interval or continuous regimens
without individual dosing caused a decrease in SBP and
DBP. However, in this mode, IHT in patients does not contribute to significant changes in anthropometric indices or
lipid profiles [19].
Bestavashvili et al. [20] evaluated the efficacy of IHHT
in passive mode, but with individual dosing, based on the
results of a hypoxic test in 65 CVD patients with MS. After
completing a course of 15 IHHT procedures, a significant
decrease in SBP and DBP (p <0.001), a decrease in TC, LDL
(p = 0.03), as well as anthropometric indices, NT-proBNP,
liver fibrosis and steatosis indices, ALT and AST enzymes
were observed (p = 0.001). The degree of reduction in SBP,
DBP and resting heart rate correlated significantly with the
degree of reduction in arterial stiffness indices.
Recent studies have shown that low-intensity exercise
in a hypoxic environment increases metabolic load and
oxidative stress, similar to high-intensity exercise, with
lower walking speed being more accessible and less traumatic to muscles and joints in obese patients with underlying orthopedic conditions. [21-23]. Ramos-Campo et al.
[24], in a systematic review of a meta-analysis, showed that
in obese and overweight patients, physical activity under
hypoxic conditions led to lower body weight, fat mass, WC/
OB index, LDL, SBP and DBP, as well as a more pronounced
reduction in the level of triglycerides and an noticeable
increase in muscle mass during physical training in hypoxia
compared with a normoxic environment.
A group of Korean researchers developed an original
protocol for a course of Pilates classes in a hypoxic
environment (FiO2 = 14.5%), the implementation of which
for 12 weeks (3 times a week) in obese patients led to
a significant reduction in the values of SBP and DBP, TC, TG,
elimination of signs of endothelial dysfunction, increased
aggregation, improvement of erythrocyte deformability
and rheological properties of the blood, compared with
the control group of patients exercising in the same mode,
but in normoxia [25].
In 2021, De Groote and Deldicque [26], in a descriptive
review, presented data from 17 RCTs that assessed the
effectiveness of exercise in hypoxia. Although some RCTs
did not show weight loss in patients, an improvement
in body composition was demonstrated by a reduction
in body fat and an increase in lean body mass. The
results for the dynamics of physical performance were
ambiguous: both a significant increase in maximal oxygen
consumption (VO2max) and maximal aerobic capacity after
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the optimal blood pressure level was observed in 40% of
patients receiving drug therapy, 50% of patients receiving a combination of drug therapy and IHT, and 63.4% of
patients receiving a combination of drug therapy and IHHT.
In the IHHT group, normalization of diurnal BP variability
was achieved in 50.7% of patients. The antianginal effect of
IHT/IHT techniques was manifested by a significant reduction in angina attacks and a lower incidence of painless
myocardial ischemia [13].
In 2020, Muangritdech et al. [14] provided data from
a randomized clinical trial (RCT) aimed at evaluating the
effectiveness of two IHT regimens (at rest and in combination with exercise) in patients with grade I AH, who
were regularly taking antihypertensive medications. The
patients, who received antihypertensive drugs without
any physical intervention, were in the control group. A significant decrease in SBP was found in both groups that
received a course of IHT at rest (-12.0±8.0 mm Hg, P = 0.004
and -9.9±8.8 mm Hg, P = 0.028, mean±95%) and in combination with exercise (-13.0±7.8 mmHg, P = 0.002 and
-10.0±8.4 mmHg, p = 0.016) on the 2nd and 28th day after
the end of the intervention, respectively. Furthermore,
these changes were accompanied by an increase in values
of the nitric oxide metabolites NOx and HIF-1α, compared
to the control group, as well as a significant increase in the
distance covered during a 6-minute walk test [13].
The presented results confirm one of the proposed
mechanisms to lower blood pressure by increasing the
bioavailability of NO, which leads to vasodilation and
a decrease in total peripheral resistance. Previously, similar
results were obtained by Lyamina et al. [15]. The authors
found that 20 daily sessions of IHT (FiO2 – 0.10) increased
NO synthesis and reduced BP to a level healthy for patients
with stage I AH, while the decrease in BP persisted for at
least 3 months.
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an 8-week course of hypoxic training with less pronounced
effects, especially in elderly multimorbid patients. The
authors conclude that the benefits of hypoxic training
depend on the type of exercise, exercise regimen, and
factors contributing to weight loss after hypoxic training,
including increased energy expenditure, decreased
appetite coupled with reduced food intake and increased
levels of ghrelin and leptin.
Hypoxic conditioning and diabetes mellitus
Experimental studies have shown that HIF-1α
plays a significant role in the pathogenesis of β-cell
dysfunction and DM, as well as in the development of both
macrovascular and microvascular complications of DM. In
turn, hyperglycemia destabilizes HIF-1α, thereby disrupting
the physiological response to hypoxia [27].
Given the complexity of molecular cascade regulation
involving HIF-1α, currently, there is no consensus among
researchers on the validity of the HIF-1α level induction
strategy for the treatment of diabetes itself and its
complications. There are few clinical studies on this topic.
Serebrovskaya et al. [28] demonstrated that a 3-week
course of IHT increased insulin sensitivity and reduced
fasting glucose levels in patients with pre-diabetes, which
correlated with the increase in HIF-1 α mRNA in blood
leukocytes.
Two clinical studies reviewed in a systematic review by
Neuhoff [29] showed a reduction in blood glucose levels by
0.74–2.1 mmol after a one hour of exposure to moderate
hypoxia. However, two other clinical studies into the effects
of exposure to 10 sessions of hypoxic conditioning failed to
demonstrate a sustainable decrease in fasting blood glucose levels.
In an analytical review, a group of authors from South
Korea confirmed that the short- and long-term effects of
exercise in a hypoxic environment were associated with
improved glucose uptake and insulin sensitivity in patients
with T2DM to a greater extent than with exercises done
under normoxic conditions [30]. Meanwhile, there is limited evidence suggesting the efficacy and safety of the
long-term effects of such exposure in patients with metabolic disorders.
Hypoxic conditioning and respiratory diseases
In 2018, Ignatenko et al. [31] presented the results
of a study that included 90 patients with multimorbid
pathology: stable angina II-III functional class and COPD
stages 1-2, aged between 40 and 60 years. The inclusion
of IHT in the standard therapy led to a reduction in the
frequency of intermittent and persistent cough (by 11.1%
and 22.2%, respectively) and of dyspnea after moderate
and strenuous exercises (by 15.5% and 4.5%, respectively).
Regarding the cardiovascular system, an increase in
exercise tolerance was noted, as evidenced by the increase
in distance in the 6-minute walk test (+66.8 m vs. +36.3
m in patients with FC II and +34.5 m vs. +22.5 m in patients
with FC III) and reclassification of the functional class of
angina in the direction of its decrease (FC I +15.6 – control
and +22.2% – exposure and FC II -15.6 and -15.5%, FC III – 0
and -6.6%, respectively).
The work of Borukaeva [32] revealed changes in
parameters of external respiratory function. After a course
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of IHT in patients with mild to moderate asthma, there
was a significant improvement in bronchial patency, an
increase in respiratory volume and alveolar ventilation,
and a decrease in minute respiratory volume. The share
of alveolar ventilation in the minute respiratory volume
increased due to improved pulmonary ventilation and
reduced functional dead space, leading to an increase in
the efficiency of gas exchange between alveolar air and
venous blood.
Hypoxic Conditioning in Elderly Patients
with Polymorbidity
The results of a placebo-controlled study (conducted
by U. Bayer et al. in 2017) involving elderly patients with
multimorbid pathology (dementia and concomitant cardiac pathology, such as IHD, CHF, AH, and atrial fibrillation) showed the following: an increase in exercise tolerance, i.e., a significant increase in the distance covered
during the 6-minute walking test (6MWT) in patients, who
received 15 IHHT treatments at rest, as part of a multimodal exercise-based rehabilitation program compared to
the control group [33]. A significant improvement in cognitive functions was also observed in this group of patients
according to the results of dementia definition test (DemTect) and clock drawing (Clock-drawing Test). The increase
in values in the dementia test was +16.7% (in the control
group +0.39%, p < 0.001) and in the clock drawing test was
+10.7% (in the control group +8%, p=0.031). It should be
noted that the hypoxic load was administered individually,
based on the results of a 10-minute hypoxic test, where the
degree and rate of blood oxygen desaturation and heart
rate were assessed.
Wang et al. [34] studied the safety and therapeutic efficacy of this method in elderly cardiac patients with multimorbidity. Patients with moderate cognitive impairment
were diagnosed with CVD (CHD, AH), chronic bronchitis, degenerative arthritis, and other age-related diseases.
A course of 3 sessions of IHT per week for 8 weeks resulted
in a significant improvement in MMSE test results from
25.7+0.4 to 27.7+0.6 (P=0.038) and a 5–7 mmHg reduction
in SBP. Art. (P < 0.05).
A systematic review with a meta-analysis published in
2020 (M. Jung et al.) showed that exercise under hypoxic
conditions had a significant effect on improving cognitive
functions in older adults (SMD = 0.3, 95% confidence interval: 0.14±0.45, I2 = 54%, p<0.001) [35]. Various characteristics (age, type of cognitive task, exercise intensity, type
of training and hypoxia level) significantly influenced the
effectiveness of complex training and the degree of compensation for cognitive dysfunction.
CONCLUSION
Hypoxic conditioning of cardiac patients with multimorbid pathologies can be considered as a universal, pathogenically substantiated method of non-drug intervention
during cardiac rehabilitation and secondary prevention,
which increases exercise tolerance, optimizes hemodynamic parameters (HR, SBP, and DBP), corrects metabolic
disorders, reduces manifestations of bronchial obstruction,
respiratory failure and improves cognitive function.
The data presented in the review demonstrate that
passive hypoxic conditioning in IHT/IHHT regimens is an
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and improved patient adherence to rehabilitation and preventive programs. This is necessary for cardiac patients of
all age categories with comorbid and concomitant pathology. However, additional large-scale controlled studies
are needed to establish optimal protocols for the use of
hypoxic exposure, to substantiate the criteria for choosing the intensity of hypoxic stimulation and the duration of
training courses, depending on the comorbid "burden" of
the underlying cardiac disease.
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effective alternative approach to non-drug correction of
cardiometabolic risks in cardiac patients with obesity and
metabolic disorders.
The use of a course of individually dosed physical activity performed by patients in a hypoxic gas environment
(hypoxic rooms or breathing with a hypoxic gas mixture
through a mask) has certain prospects. Due to the synergistic effects of hypoxia and exercise hypoxia, the physical exertion stress of high-intensity training is reduced,
allowing for faster comprehensive rehabilitation results
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ABSTRACT
INTRODUCTION. According to the WHO, between 250,000 and 500,000 people are affected every year with spinal cord injury (SCI)
around the world. The number of disabled people as a result of spinal cord injury in Russia is estimated to be over 250,000 and is
increasing due to injury rate growth and survival rate improvement of patients in the acute and long-term periods of traumatic spinal
cord injury (TSCI).
AIM. To justify the efficacious and safe use of a zero-gravity robotic simulator for a locomotor therapy in the complex rehabilitation
of patients with SCI and compare this therapeutic approach with conventional motor rehabilitation programs using other robotic
mechanotherapy techniques.
MATERIAL AND METHODS. Neurological and functional disorders were analyzed in 30 patients with SCI on the basis of clinical
examination and electromyography (EMG) findings. All the patients were classified into an intervention group and a control group
by a sequential randomization. The rehabilitation programs for the intervention and control groups were alike, except for robotic
mechanotherapy.
RESULTS. A significant positive dynamic change in motor functions according to the ASIA Impairment scale was noted in the
intervention group, in which 2 patients moved up to a higher level. The EMG data showed a significant difference between the groups
in favor of the intervention one. A significant difference in postural function improvement was found between the intervention and
control groups in a seated position. The rehabilitation of patients from the intervention group engaged the axial muscles, promoting
an increase in strength and better control of the trunk muscles. A significant spasticity decrease and changes in the functional status of
the patients were observed in both groups. The patients’ ability to perform normal daily activities was registered to improve.
CONCLUSION. The study demonstrated that robotic musculoskeletal training in zero-gravity conditions is safe and effective in complex
rehabilitation of patients with SCI and improves motor skills, self-care and postural function. A significant correlation was found
between neurological and functional changes, indicative of a restorative concept of the new therapeutic modality. Further studies with
increased capacity are reasonable.
KEYWORDS: weightlessness, robotic-assisted device, electrical stimulation, rehabilitation, spinal cord injury
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Безопорный роботизированный локомоторный симулятор
в реабилитации: проспективное рандомизированное клиническое
исследование 30 пациентов с последствиями травмы позвоночника
Ткаченко П.В. И ДР. | Оригинальная статья

Ткаченко П.В*., Даминов В.Д.
Национальный медико-хирургический центр им. Н. И. Пирогова, Москва, Россия

РЕЗЮМЕ
ВВЕДЕНИЕ. По данным ВОЗ, от 250 000 до 500 000 человек в год страдают от травматического повреждения спинного мозга во
всем мире. Число инвалидов в результате травмы спинного мозга (ТСМ) в России, по оценкам, составляет более 250 000 человек
и увеличивается в связи с ростом травматизма и улучшением выживаемости пациентов в остром и отдаленном периодах травматического повреждения спинного мозга
ЦЕЛЬ. Обосновать эффективное и безопасное использование роботизированного тренажера невесомости для локомоторной
терапии в комплексной реабилитации пациентов с ТСМ и сравнить данный терапевтический подход с традиционными программами двигательной реабилитации с использованием других методов роботизированной механотерапии.
МАТЕРИАЛ И МЕТОДЫ. Неврологические и функциональные нарушения были проанализированы у 30 пациентов с ТСМ на
основании результатов клинического обследования и электромиографии (ЭМГ). Все пациенты были разделены на рабочую
и контрольную группу путем последовательной рандомизации. Программы реабилитации для рабочей и контрольной групп
были одинаковыми, за исключением роботизированной механотерапии.
РЕЗУЛЬТАТЫ. В рабочей группе были отмечены значительные положительные динамические изменения двигательных функций
по шкале нарушений ASIA, в которой 2 пациента перешли на более высокий уровень. Данные ЭМГ показали значительную разницу между группами в пользу интервенционной. Была обнаружена значительная разница в улучшении постуральной функции
между рабочей и контрольной группами в положении сидя. Реабилитация пациентов из рабочей группы задействовала осевые
мышцы, способствуя увеличению силы и лучшему контролю мышц туловища. В обеих группах наблюдалось значительное снижение спастичности и изменения функционального статуса пациентов. Было зарегистрировано улучшение способности пациентов выполнять нормальную повседневную деятельность.
ЗАКЛЮЧЕНИЕ. Исследование продемонстрировало, что роботизированная тренировка опорно-двигательного аппарата в условиях невесомости безопасна и эффективна в комплексной реабилитации пациентов с ТСМ и улучшает двигательные навыки,
самообслуживание и постуральную функцию. Была обнаружена значительная корреляция между неврологическими и функциональными изменениями, что свидетельствует о восстановительной концепции нового терапевтического метода. Дальнейшие
исследования с увеличенной производительностью являются разумными.
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INTRODUCTION
According to the WHO, every year, around the world,
between 250,000 and 500,000 people suffer spinal
cord injury all over the world [1]. There are more than
250,000 people in Russia with disabilities due to spinal
cord injury (SCI), and their number is growing as the
incidence of injury and survival rates in the acute and
long-term periods of traumatic spinal cord injury are
increasing (TSCI). Spinal cord injury is accompanied by the
impairment of many body functions. The basic disabling
factor is the loss of ability to maintain an upright posture
and walk, leading to malfunctions of respiratory organs,
blood circulation, urination, and gastrointestinal tract [2].
Being in a wheelchair for too long creates conditions for
multiple complications arising from the forced position,
hypodynamia and positional compression. In this regard,
the restoration of the upright posture and locomotion is an
important driver for that category of the affected.
The rehabilitation techniques available for the
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patients with persistent motor function disorders may
be targeted to substitute or to restore the functions. The
restorative concept of rehabilitation prescribes treatment
that integrates segments below the affection level into
functioning and selects devices that help incorporate
these segments into the motor activity [3, 4]. The most
commonly used therapy is gait training with partial
bodyweight support, for example, using robotic medical
devices like Lokomat [4, 5]. However, the cost of such
devices is quite high and involves the use of sophisticated
technical equipment [6]. Besides, early verticalization,
which does not always furnish a positive outcome even
if high-tech approaches are employed, can be a problem
of robotic-assisted locomotor therapy. On the contrary,
it promotes a spasticity increment, physical exertion,
and additional traumatization of patent’s tissues [7, 8].
At the same time, the early start of rehabilitation actions
considerably improves the prognosis for functional
recovery, including locomotion [9, 10].
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AIM
To justify the efficacious and safe use of a zerogravity robotic simulator for a locomotor therapy in
the complex rehabilitation of patients with SCI and
compare this therapeutic approach with conventional
motor rehabilitation programs using other robotic
mechanotherapy techniques.
MATERIAL AND METHODS
Participants
We conducted a randomized clinical trial between
September and December 2020. A total of 30 patients
with traumatic spinal cord injury (TSCI) were included in
the study. The randomization was based on continuous
sampling of total population of TSCI patients, who came to
the Rehabilitation Clinic for treatment within the specified
period of time. All the admitted patients were submitted to
the registry. Each patient, if met the inclusion criteria, was
assigned a sequence number from 1 to 30: odd-numbered
patients were assigned to the intervention group, while
the even-numbered to the control group. Informed
consent was obtained from all the patients, who agreed to
participate in the study.
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Inclusion criteria
This study was approved by the Local Ethics Committee
of the Pirogov National Medical and Surgical Center (protocol № 15, 19.08.2020) and performed in accordance with
the World Medical Association Declaration of Helsinki on
Medical Research Involving Human Subjects and its 2013
amendments.
The patient sample was derived by the inclusion criteria: injury age of 3 months and older; injury at the levels
of cervical spine, thoracic spine and thoracolumbar spine;
severity of conduction disorder by the ASIA score: А, B,
C and D; severity of paraparesis from 0 to 6 by the 6-point
score.
All the patients included in the study were classified
into two groups:
1. Intervention group (n=15), who underwent locomotor therapy on a zero-gravity robotic-assisted simulator (10
sessions);
2. Control group (n=15), who received locomotor therapy on a robotic, partial bodyweight-support simulator (10
sessions).
In addition to the robot-assisted locomotion therapies,
the patients from both groups received the same range of
conventional rehabilitation measures: two motor therapy
modalities such as therapeutic exercises and mechanotherapy; three physical therapy modalities such as transcutaneous electrical spinal cord stimulation (TESCS), muscle electromyostimulation of lower limbs, and massage.
Each modality had 10 sessions. When necessary, patients
received psychological exercises.
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It is believed that a high rehabilitation potential of
the patients after TSCI is fully realized if the principles of
consecutive kinesigenesis are met, when the difficulty of
patient’s locomotor tasks gradually levels off.
A zero-gravity robotic simulator for locomotion
therapy allows sanogenesis mechanisms to be exploited
to a greater extent, which will mitigate the effect of the
disabling factors and enhance overall rehabilitation
efficacy and motor recovery, in particular. For this, technical
solutions are used that vary in body weight compensation
method, development of active or passive motions in
paretic extremities, and bio-feedbacks used for movement
control and management. The zero-gravity principle is
used in elastic and rigid suspension systems like a RedCord
or Exart kinesiotherapy device under dry floatation or
even aqueous environment [11]. We tested the effect of an
Exart kinesiotherapy device when applied to patients with
severe TSCI in our Medical Rehabilitation Clinic in Pirogov
National Medical and Surgical Center.
In view of the aforesaid, the present study is aimed to
justify the efficacy and safety of the zero-gravity roboticassisted locomotion simulator when used for locomotor
therapy of patients with traumatic spinal cord injury
as compared with conventional programs of motor
rehabilitation and locomotor training including the use of
other robotic locomotor therapy modalities.

Robot-assisted locomotion training procedure
The training procedure on the zero-gravity roboticassisted locomotion simulator involved two steps.
The first step was preparatory. Its objectives were to
make a patient ready for exercise load and for capabilities
to work on voluntary movements. The swim and walk
settings were used. The objectives of the second (basic)
step were to develop active and passive voluntary
movements, work out compound motor actions in zerogravity conditions, and work out rhythmic movements.
The active voluntary movements were evoked directly
by muscle work, while the passive voluntary movements
were produced by muscle contraction in the other body
segment and were induced by the force of inertia.
The development of passive voluntary movements was
through the swim settings applying an “aid mode”. The
“aid mode” was enabled for lumbar, femoral and talocrural
regions; leg-swinging exercises were being practiced (Fig. 1).
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Fig. 1. Exart zero-gravity robotic-assisted locomotor training with synchronized multimodal electrostimulation
Transcutaneous electrical spinal cord stimulation
(TESCS) procedure
Starting from the first exercise, transcutaneous
electrical spinal cord stimulation (TESCS) was enabled
concurrently with zero - gravity robotic-assisted
mechanotherapy. The electrodes of the first and second
channels were placed as follows: the active ones were
placed on the presumed lumbar enlargement zone at
the level of the acantha of the Th12 vertebra over the
right and left paravertebral lines, while the passive
ones were placed in the projection of iliac crests. The
third and fourth channels were used for stimulation
of the quadriceps femoris: two passive and two active
electrodes were used because of a large area of the
muscle. That said, the active electrodes were placed on
motor points of lateral and medial vastus muscles and on
rectus femoris. The passive electrodes were put on the
upper third of the thigh. A channel splitter was used to
connect the two electrodes.
Here, we used modulated, unipolar, single pulses of
0.1−0.5 ms in length with a modulation frequency of 10
kHz and a current amplitude of 200−250 mA; the pulse
repetition frequency corresponds to the movement
frequency of the simulator actuators. The TESCS procedure
lasted 30 min.
Measurements
The safety and efficacy of the approach under
study were evaluated using a complex clinical and
instrumental examination. On the first and last days of
the rehabilitation course, the patients from both groups
underwent the following clinical monitoring: the spinal
cord conductivity (sensory and motor divisions) was
analyzed by the ASIA scale (American Spinal Cord Injury
Association) [12]; self-care and mobility were assessed
by the VFM scale (Valutazione Funzionale Mielolesi) for
patients with spinal cord injury (SCI); interference surface
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electromyography (sEMG) of the rectus femoris muscle
for objectivization of neurologic examination; muscle
tone was measured by the Ashworth Scale; and postural
functions (weight distribution in percentage while sitting
on the platform for 10 sec with the eyes closed) were
evaluated on a Tyromotion's TYMO force plate. The 50/50
distribution between the right and left sides is a norm, and
an increment in the difference between the sides is the
severity of postural dysfunction.
The electromyographic assessment of the peripheral
neuromuscular apparatus employed a Neuro-MVP-micro
4-channel electroneuromyograph (Neurosoft Company,
Russia). The interference surface electromyography of the
rectus femoris muscle was recorded on both sides. The
electrodes were placed in the middle between anterior
iliac spine and superior kneecap; the distance between
the central lines of the electrodes was 20 mm. The sEMG of
muscles was recorded twice for each measurement (with
relaxed muscles and maximum voluntary muscle tension)
and the best result was used for analysis.
Statistical analysis
Statistical analysis was performed using LibreOffice Calc
ver. 5.2 software and data manipulation language R ver.
4.0.2 (2020-Jun-22) in RStudio ver. 1.3.1093. The spreadsheet was used for data accumulation and pre-processing.
A script was written by the R language for automated processing of the prepared data arrays [13]. Statistical criteria
and group distribution metrics of variables were selected
using the common guidelines [14].
The normality of distribution was evaluated by the Shapiro-Wilk test. The data were presented as the median of
the first and third quartiles of minima and maxima for each
of the observable variables (median [LQ; UQ] (min-max)).
The diagrams were built by the ggplot2 package (ver.
3.3.2). The VisAnalyser ver. 1.0.0.0 software was utilized for
graphical representation of frequency response envelopes
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rank correlation coefficient. The differences were considered significant at р<0.05.
RESULTS AND DISCUSSION
This study included 30 patients allocated into two
groups with 15 subjects in each. No significant differences
in sex (р=0.45), age (р=0.75), injury age (р=0.25) and severity of presentations (р=0.93) were found between the intervention and control groups (Table 1).

Table 1. Patient demographics
Characteristic

Intervention group (n=15)

Control
(n=15)

Age

28 (24−32)

32 (23−39)

Male

11 (73.3%)

8 (53.3%)

Injury age, months

20 (13−37)

22 (18−61)

A

5

4

B

1

1

C

8

8

D

1

2

ASIA scale:

The study showed that the zero-gravity simulator
was safe in use: no complications or adverse effects were
discovered; the hemodynamics were stable throughout
the course, with no deviations detected. A recovery of
a sacral pressure ulcer was observed in one patient from
the intervention group: Stage 2 ulcer on admission and
Stage 1 ulcer upon the course completion.
The changes in ASIA motor scores of the lower
extremities were observed among both groups: from

0 [0−14.5] (0−25) and a total precourse score of 101 to
2 [0−14.5] (0−29) and a total postcourse score of 119
(p<0.05) in the intervention group, and from 0 [0−1.5]
(0−35) and a total precourse score of 84 to 0 [0−2.5] (0−35)
and a total postcourse score of 86 (p=0.112) in the control.
The positive outcome was considered to be a change in
the motor function of the lower extremities by one score at
a minimum, and the negative outcome was considered to
be no change (Table 2).
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after Fourier transform. The Wilcoxon test for paired samples was employed to evaluate significant changes in precourse and postcourse measures. The Mann-Whitney test
and Fisher exact test were used to evaluate significant
changes in measures between the groups. The measured
side and observation point (precourse and postcourse,
respectively) acted as factor variables. The analysis of correlations between neurological and functional changes
(the ASIA and VFM scales in our case) used the Spearman's

Table 2. Distribution of patients with changes in ASIA motor scores of the lower extremities
Positive outcomes

Negative outcomes

Row totals

Intervention group

5

10

15

Control

1

14

15

Column totals

6

24

30 (in total)

Two patients from the intervention group were
observed to move up to a higher category by the ASIA
scale. In the first case, a 32-year-old patient (TSCI at
the level of Th4, ASIA A, injury aged 23 months) was
documented to improve tactile sensibility by 3 scores, deep
sensibility by 2 scores and motor behavior by 2 scores –
one score each for plantar flexors of toes on both sides.
Besides, sensibility control appeared upon deep pressing
on the anal sphincter region. Upon the course completion,
the patient was categorized as C.
In the second case, a 22-year old patient (TSCI at the
level of Th12-L1, ASIA C, injury aged 11 months) was
documented to improve tactile sensibility by 5 scores, deep
sensibility by 4 scores and motor behavior by 7 scores –
one score each at different levels on both sides. Upon the
course completion, the patient was categorized as D.
A significant change that did not result in the group
change by the ASIA scale among the intervention group
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was also an appearance of voluntary contraction of the
anal sphincter in one control patient. No similar cases were
documented in the control group.
A rise in the VFM scale estimates following the
rehabilitation course (p=0.001) was noted among both
groups by evaluating the dynamics of functional changes,
indicative of an improvement in the functional status in
either therapeutic course. No significant differences were
revealed between the groups by assessing the dynamics by
the Mann-Whitney test (p=0.386) (Table 3).
The analysis of sEMG results evaluated only the
changes in sEMG signal data from the rectus femoris
muscle on both sides. The total was 25 in the intervention
group and 7 in the control. No significant differences were
found between the groups through the evaluation of the
dynamics of the sEMG signal by the Mann-Whitney test
(p=0.038) (Table 3).
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Table 3. Dynamics of functional changes
Measure

Intervention group (n=15)

Control
(n=15)

Before therapy

219 [191.5−242.5]
(125−264)

196 [186.5−236.5]
(148−252)

Post-therapy

235 [200−248.5]
(125−271)*

213 [190.5−240.5]
(152−258)*

sEMG signal (rectus femoris muscle)

1 [0−3] (0-6) †

0 [0−0.5] (0−2)

Before therapy

1.5 [1−2] (0.5−3)

2.0 [1−2] (1−3)

Post-therapy

1.0 [1−1.5] (0−2)*†

1.0 [1−2.5] (0−5)

Before therapy

3.0 [1.5−6.5] (0−14)

2.0 [1.5−3] (1−5)

Post-therapy

1.0 [0.5−2.5] (0−7)*†

1.0 [1−2.5] (0−5)
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VFM scale:

Ashworth scale:

Postural functions:

Note: The data are presented as the median [Q1−Q3] (min-max); * Significance of differences before and post-treatment; † Significance of
differences as compared to the control

The following basic types of changes were identified in
the study:
1. Type II changes: an increase in amplitude over a 10−20Hz low-frequency range. Type II changes are an increase in
the spastic-tonic component of the EMG signal, with such

a signal being recorded for patient’s voluntary intents;
2. Type III changes: an increase in amplitude over
a 20−50-Hz midrange (Fig. 2);
3. Type IV changes: an increase in amplitude over
a 50−100-Hz high-frequency range.

Fig. 2. Type III changes: native curves of increased amplitude over a 20−50-Hz midrange
A total of 9 patients from the intervention group
and 5 patients from the control were found to have
changes in the dynamics of the EMG signal in one muscle
under test. While, when compared with the ASIA scale,
positive changes were discernible in 5 patients from the
intervention group and in 1 patient from the control
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group. This is indicative of a higher sensitivity of the sEMG
method towards detecting changes in voluntary muscle
control.
A decrease in spasticity by the modified Ashworth scale
was noted in both groups post-therapy, though differences
were significant only in the intervention group (p<0.01).
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between the intervention group and the control (p=0.03)
(Table 3).
The analysis of correlations between neurological and
functional changes took into account ASIA sensibility
and motor total scores as the neurological dynamics,
as well as changes in sensibility and motor function
at the level of S4−S5 segments. A significant positive
correlation between neurological and functional changes
was detected for patients from the intervention group (r
= 0.735, p = 0.001), and it was however insignificant for
the control group (r = -0.18442, p = 0.511) (Fig. 3), which
may be suggestive of a restorative concept of the new
therapeutic modality.
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Evaluation of the dynamics revealed no significant
differences between the groups (p=0.181) (Table 3).
The postural stability was examined in a seated position
to evaluate the ability to maintain equilibrium. The data
are presented as a difference taken from the modulus
between the 50% normal value and the measured value.
For example, ABS (50−49)=1 or ABS(50−53)=3, as it does
not matter for functional assessment where imbalance is
shifting, only the degree of imbalance matters. Significant
differences were noted in the intervention group (p<0.01).
To evaluate the results between the groups, the difference
between precourse and postcourse values in each group
was factored in; significant differences were detected

Fig. 3. A scatter plot of neurological and functional measures
The zero-gravity principle has been used in the
rehabilitation practice for many years and studied
extensively since the 60-ies of the last century to accomplish
space flight programs and explore physiological parameters
in weightlessness conditions on long-term stay of astronauts
in orbit. An abrupt decline in tonic muscle system control
has been established to occur under microgravity, which
may promote a decrease in the competitive effect of
different locomotor centers on the lower motor neuron,
facilitating the task to restore the cortical motor control
[15]. The zero-gravity condition lightens the weight of body
segments, thereby ensuring the voluntary muscular activity
at a muscle strength of 3 scores and less. Besides, zerogravity therapeutic techniques favor a reduction in pain and
spasms and prevent dynamic stereotype from distortion
as usually observed when the function of paretic muscles
is compensated by overlying unaffected body segments.
Weightlessness (microgravity) in suspension abates the
mechanical load and reaction of the body support, with the
range of motions being preserved at the same time [15].
No differences in the frequency of clinical responses to
therapy were found between the intervention and control
groups upon completion of this study, corroborating that
the zero-gravity approach is effective in rehabilitation
practice. However, positive trends of changes in the
motor division by the ASIA scale were observed, and
Technologies of Restorative Medicine and Medical Rehabilitation

two patients from the intervention group moved up to
a higher ASIA level. The analysis of sEMG data showed
significant differences between the groups in favor of the
intervention group and demonstrated a better sensitivity
of the approach towards motor function changes.
At present, using sEMG quantitative data proves
to be impossible for the evaluation of rehabilitation
dynamics. The changes in the frequency range prove to
be more stable for different measurements, which may be
indicative of more motor units being involved in muscle
contraction and of a change in muscle contraction control
level [16]. The studies [17-19] use various techniques
to render sEMG data into ordinal scales, which are
recognized by the researchers themselves to be not
simple-to-use and unsuitable for screening in the general
medical practice. The specialists in Russia also use data
translation into the ordinal data; four types of sEMG
signal response and change rate have been proposed for
use: Type I, no changes; Type II, a change in oscillation
amplitude; Type III, a change in amplitude and frequency;
Type IV, a change in EMG type [20]. Based on the data
reported, here we propose an ordinal scale of changes
in the amplitude-frequency spectrum following Fourier
transform (Table 4). The transformation is performed in an
automatic mode using the electromyographic equipment
specified above.
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Table 4. Ordinal scale of changes in amplitude-frequency spectrum of EMG after Fourier transform
Type

EMG signal change

Assessment (scores)

Type I

no significant changes

0

Type II

enhanced amplitude in low-frequency range (10−20 Hz)

1

Type III

enhanced amplitude in midrange (20−50 Hz)

2

Type IV

enhanced amplitude in high-frequency range (50−100 Hz)

3

The sEMG signal amplitude was considered as
enhanced if it more than doubled or by more than 5 µV in
absolute amount for the selected frequency. The approach
proposed herein for sEMG data assessment does not claim
to be complete and precise, and we pursued the aim to
try to create a practical basis for alternative assessment.
The sEMG assessment may have additional value both in
predicting the functional outcome and in evaluating the
therapeutic effectiveness.
The present study also found a more pronounced
improvement in postural function in the sitting position
in the intervention group, which may indicate an increase
in strength and better control of the trunk muscles.
Besides, a significant correlation between neurological
and functional changes was detected in the intervention
group. This may suggest a restorative concept of the
new therapeutic approach. However, further research
with a power increment is needed. The present study has
a limitation – a small sample – which also necessitates
further research.
Some studies evaluated the dynamics of neurological
changes in patients post-TSCI, depending on timeframes
post-injury [21-24]. All the studies quoted give fairly similar
results in terms of timing and speed of recovery. The
analysis of these data demonstrates that major changes

in the condition of the patients with SCI occur between
three months and one year, while the changes in those
patients with more than 12 months from the date of injury
are insignificant. Here, we obtained positive outcomes in
patients with a trauma aged more than 12 months, which
may indicate that rehabilitation actions are required
irrespective of injury age.
CONCLUSION
Thus, the findings from this study suggest that
sophisticated robotic-assisted devices emulating not
only walking, but also phylogenetically older locomotor
patterns have prospects for use not only as a substitutive,
but also as a restorative concept of rehabilitation. In that
case, apart from substitution for the lost postural and
motor functions, which benefit has been proved, the
restoration is possible in orthopaedic and neurological
statuses. This can manifest itself in an increased range of
movement in the joints of the lower limbs to physiological
limits, a higher organization of myoelectrical activity
below the affection level and formation of voluntary
movements and voluntarily triggered locomotor muscle
synergies. The consequence is that an erect posture and
primitive locomotion of the patients with severe TSCI can
be restored.
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Effects of a New Herbal Formula and Low-Intensity Electromagnetic
Radiation of Ultrahigh Frequencies in Obesity and Metabolic Syndrome:
an Experimental Study
Zhanna V. Dzampaeva*, Fatima S. Datieva, Elena A. Takoeva, Marina I. Nartikoeva
Vladikavkaz Scientific Center of the Russian Academy of Sciences, Vladikavkaz, Russian Federation

ABSTRACT
INTRODUCTION. The high prevalence of metabolic syndrome (MS) is becoming a serious problem for the entire world.
AIM. Experimental evaluation of metabolic syndrome-induced changes in the microcirculation, kidney structure, serum biochemistry,
the stress resistance of rats and the possibility of their correction with complex phytoadaptogens (CPhA) and low-intensity extremelyhigh-frequency electromagnetic radiation (EHF EMR) and their combination.
MATERIAL AND METHODS. The experiment was performed on 40 male Wistar rats (body mass 330±20 g), divided into 4 groups: Group
1 – control, Group 2 – metabolic syndrome (MS), Group 3 – treatment of metabolic syndrome with complex phytoadaptogens (CPhA),
Group 4 – treatment with CPhA and EHF EMR. In Groups 2, 3, 4, the animals received a high-carbohydrate, high-fat diet for 16 weeks. The
CPhA of official 70% tincture of Glycyrrhiza glabra and 40% tincture of Rhodiola rosea, Acantopanax senticosus in a ratio of 1:2:1. Group
3 animals were administered CPhA for 14 days with drinking water after 16 weeks on the diet.
RESULTS AND DISCUSSION. The study in question showed that a combined application of CPhA and EHF EMR has systemic effects
on the nervous, endocrine, immune systems with changes in the content or synthesis of biologically active substances (hormones,
cytokines, neurotransmitters) playing an essential role in the regulatory mechanisms of blood microcirculation. It is a very important
aspect for the treatment of metabolic syndrome (MS), with endothelial dysfunction being the key pathophysiological element.
CONCLUSION. Phytoadaptogens are promising drugs for the treatment of MS, especially in combination with EHF EMR, since their
effects potentiate each other. CPhA affect the etiology and pathogenesis of metabolic syndrome through several mechanisms;
therefore, they are promising medicines in the complex fight against excess weight.
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Эффекты новой растительной формулы и низкоинтенсивного
электромагнитного излучения крайневысокой частоты при
ожирении и метаболическом синдроме: экспериментальное
исследование
Владикавказский научный центр Российской академии наук, Владикавказ, Россия

РЕЗЮМЕ
ВВЕДЕНИЕ. Высокая распространенность метаболического синдрома (МС) становится серьезной проблемой для всего мира.
ЦЕЛЬ. Провести экспериментальную оценку вызванных метаболическим синдромом изменений микроциркуляции, структуры
почек, биохимии сыворотки крови, стрессоустойчивости крыс и возможности их коррекции комплексными фитоадаптогенами
(CPhA) и низкоинтенсивным электромагнитным излучением крайневысокой высокой частоты (КВЧ ЭМИ) и их комбинацией.
МАТЕРИАЛ И МЕТОДЫ. Эксперимент проводили на 40 крысах–самцах породы Вистар (масса тела 330±20 г), разделенных на 4
группы: 1–я группа – контрольная, 2–я группа – с метаболическим синдромом (МС), 3-я группа – проходившая лечение метаболического синдрома комплексными фитоадаптогенами (CPhA), 4-я группа – проходившая лечение CPhA и КВЧ-ЭМИ. В группах 2,
3, 4 животные получали диету с высоким содержанием углеводов и жиров в течение 16 недель. CPhA состоит из официальных
70% настойки Glycyrrhiza glabra и 40% настоек Rhodiola rosea, Acantopanax senticosus в соотношении 1:2:1. Животным 3-й группы
вводили CPhA в течение 14 дней с питьевой водой после 16 недель диеты.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Представленное исследование продемонстрировало, что комбинированное применение CPhA
и ЭМИ КВЧ оказывают системное воздействие на нервную, эндокринную, иммунную системы с изменением содержания или синтеза биологически активных веществ (гормонов, цитокинов, нейромедиаторов), что играет существенную роль в механизмах
регуляции микроциркуляции крови. Это очень важный аспект для лечения метаболического синдрома, при котором эндотелиальная дисфункция является ключевым патофизиологическим элементом.
ЗАКЛЮЧЕНИЕ. Фитоадаптогены являются перспективными препаратами для лечения метаболического синдрома, особенно
в сочетании с КВЧ-ЭМИ, поскольку их эффекты усиливают друг друга. CPhA влияют на этиологию и патогенез метаболического
синдрома несколькими механизмами, поэтому они являются перспективными препаратами в комплексной борьбе с лишним
весом.
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INTRODUCTION
The increasing prevalence of metabolic syndrome (MS)
is becoming the most serious health problem worldwide.
According to WHO reports, more than 1.9 billion people are
overweight [1, 2].
The pathophysiology of metabolic syndrome is very
complicated and necessitates the development of drugs
with a wide range of pharmacological activity that would
affect several pathogenic elements and etiological factors
of this condition. Low-intensity extremely-high-frequency
electromagnetic radiation (EHF EMR) is a promising tool for
correcting the physiological functions affected by adverse
factors and pathological processes, as it exerts pronounced
physiological effects with minimal energy consumption
and does not cause tissue heating or structural changes
in the body. EHF-therapy has no side effects or longterm adverse consequences. It is non-invasive and can be
easily combined with other methods (medicinal, surgical,
physiotherapeutic, etc.), augmenting their efficacy,
eliminating side effects, reducing treatment duration
and exhibiting multiple therapeutic effects. On the other
hand, there has been little fundamental research into the
Technologies of Restorative Medicine and Medical Rehabilitation

mechanisms of action of this physical factor on the human
body in health and various disorders [3-5].
AIM
We evaluated a new herbal formula that can potentially
be used in MS and obesity; it consists of the well-known
and widely used phytoadaptogenes – Glycyrrhiza glabra,
Rhodiola rosea, Acanthopanax senticosus. Rhodiola rosea
and Glycyrrhiza glabra, which have anti-inflammatory
and antioxidant effects [6, 7]. Acanthopanax senticosus
regulates homeostatic responses via the neuroendocrine
immune system (NEIM). They control stress-activated
molecular chaperons (Hsp70), cortisol and nitric oxide
(NO) [8]. Under stress conditions, adaptogens increase the
function of the pineal gland [8, 9]. Therefore, the aim of this
study was to define the structural changes in the kidneys
and functional changes in microcirculation, anxiety,
motor behavior in the presence of metabolic syndrome
and during its treatment with complex phytoadaptogens
alone or in combination with low-intensity extremely-highfrequency electromagnetic radiation.
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MATERIAL AND METHODS
Diet-induced metabolic syndrome in rats
The experiment was performed on Wistar male rats
(9-10 weeks old, weighing 330±20 g, n=30) obtained from
the North Caucasus Environmental Management Nursery.
The animals were housed in a 12-h light/dark controlled
room with regulated temperature (21±1°C) and humidity
(50-55%). The rats were kept in cages (5 animals in each);
food and water were given ad libitum.
The study was approved by the Ethics Committee of
the Institute of Biomedical Investigations – a branch of
Vladikavkaz Scientific Centre of the Russian Academy of
Sciences (Protocol No. 7, February 20, 2019). The study

was conducted in accordance with the ethical standards
established by the Declaration of Helsinki (2013).
After the first adaptation period (2 weeks), the animals
were randomly divided into 3 experimental groups:
Group 1 – control, Group 2 – metabolic syndrome, Group
3 – treatment of metabolic syndrome with complex
phytoadaptogens (CPhA), Group 4 – treatment of
metabolic syndrome with complex phytoadaptogens
(CPhA) and low-intensity extremely-high-frequency
electromagnetic radiation (EHF EMR) (Fig. 1). Animals of
Groups 2, 3, 4 were fed the high-carbohydrate, high-fat diet
(HCHF).

Fig. 1. Study design
Note: EPM – elevated plus-maze test; ECG – electrocardiography; EHF EMR – low-intensity extremely-high-frequency
electromagnetic radiation; 1 (Week 1), 2 (Week 16), 3 (Week 18), 4 (Week 18) – evaluation points of the experiment
The HCHF diet consisted of 175 g of fructose, 395
g of sweetened condensed milk, 200 g of beef tallow,
155 g of powdered rat food, 25 g of Hubble, Mendel and
Wakeman salt mixture and 50 g of water per kilogram of
diet. In addition, the drinking water for the HCHF group
was supplemented with 25% fructose. Total feeding time
was 16 weeks [10]. The rats from Group 2 were euthanized
after 16 weeks of feeding to assess the progression of
the pathophysiological changes of metabolic syndrome.
After the 16 weeks of the HCHF diet, the rats from Group 3
received complex phytoadaptogens (CPhA) for 14 days and
the animals in Group 4 received complex phytoadaptogens
(CPhA) and were treated with 30-min EHF EMR sessions
daily for 7 days.
Microcirculation (MC), anxiety and motor behavior
assessments, histological examination, blood chemistry
tests were performed in Group 1 once at the first time
point, in Group 2 after 16 weeks of the HCHF diet, in
Group 3 after 16 weeks of the HCHF diet and 1-week CPhA
treatment, in Group 4 after 16 weeks of the HCHF diet and
2-week use of CPhA and EHF EMR.
Physiological and metabolic tests
Blood chemistry samples were collected through
cardiac puncture and left to stand for 2 hours in
a vacutainer ( VISIO PLUS Needle, Austria). Serum
triglyceride, glucose, total cholesterol, low-density
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lipoprotein (LDL), high-density lipoprotein (HDL), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine (CRE) and blood urea nitrogen (BUN) levels were
analyzed with a blood analyzer.
Doppler ultrasound (MM-D-K Minimax-Doppler-K, 25
MHz probe, Saint-Petersburg, Russia) was used to study
microcirculation (MC) disorders. Each rat was fixed on
a wooden board in the supine position. MC was measured
3 times in each area of each rat at each (Fig. 1) evaluation
time point and the average value was calculated. The
evaluations included: Vas – maximum systolic blood flow
velocity; Vam – average blood flow velocity; Vakd – final
diastolic blood flow velocity; Qas – maximum systolic
volumetric blood flow velocity; Qam – average volumetric
blood flow velocity; PI – pulsation index (index Gosling)
and RI – peripheral resistance index (Purcell index)
indicative of the elasticity of vessels.
Preparation of a complex phytoadaptogens (CPhA)
extract
CPhA extract is composed of official 70% tincture of
Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus
in a ratio of 1:2:1 [11]. The dose was calculated based on
the average daily volume of liquid consumed and the
coefficient (x10) for small laboratory animals (0.1 ml/100g)
per day. CPhA were administered in Group 3 for 14 days
after the metabolic syndrome simulation.
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Low-intensity extremely-high-frequency
electromagnetic radiation (EHF EMR)

Stress-dependent changes in anxiety-like behaviour
of rats
Anxiety and motor behavior were recorded and
calculated with computerized activity monitoring software
(RealTimer, OpenScience, Russia) in open field (OFT) and
elevated plus maze (EPM) tests.
The OFT arena is a square platform with sides equal
to 100 cm and a height of 40 cm, divided into identical
25 squares (40×40×30 cm3). It has been shown that the
open field test with a gray arena cannot reveal intergroup
differences (stress-resistant, intermediate and stressresistant) in behavioral indicators in animals. In the gray
open field arena, due to the transitional state between
the habitats, a special type of stress behavior occurs,
manifested in a mixed anxiety-phobic state in animals,
regardless of their predicted resistance to stress. Based
on this, animals in this experiment were not divided into
groups according to their resistance to stress [12]. The
OF test parameters included horizontal activity (distance,
expressed in squares), vertical activity (number of vertical
counts), number of groomings and defecations episodes.
The elevated plus maze is a plus-shaped apparatus with
four arms at right angles to each other as described by
Handley and Mithani. The EPM apparatus consists of two
closed (30×5×30 cm3) and two open arms (30×5×1 cm3)
perpendicular to each other and connected by a central
arena (5×5 cm2). The closed arms have a high wall (16 cm)
to enclose the arms, whereas the open arms have no side
wall. The rats were placed in the central platform facing
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Statistical analysis
Data analysis was performed using Statistica 10.0
software (StatSoft Inc., Russia). The distribution of
continuous variables was tested for normality with the
Shapiro-Wilk test. The Kruskal-Wallis test was used to
compare independent data sets. The Wilcoxon test was
used to compare dependent data sets. Median (25–75 ‰)
values were given as descriptive statistics due to the small
number of variants in the sample. A P value of < 0.05 was
accepted as statistically significant.
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An EHF-ND high-frequency generator (NKF RESLA,
Russia) was the source of EHF EMR. Technical characteristics
of the generator: operating wavelength 7.1 mm; the
frequency of the output signal was set at 42.3 GHz; the
incident power density in the plane of the exposed object
was 0.1 mW/cm2. For exposure to EMR EHF, experimental
animals were immobilized in special transparent chambers
for the duration of the procedure (228x89x84mm)
(Neurobotics, Russia). The length and width of the chamber
were adjusted depending on the size of the rat. The emitter
was brought to the irradiated occipital-collar area of the
animal through a hole in the pencil case corresponding
to the size of the emitter. Irradiation was carried out for 30
minutes, daily for 7 days, after 16 weeks of HCHF.

the closed arm and their behavior was recorded for 5 min.
The parameters recorded in EPM: the number of entries
and the total time spent exploring open and closed arms,
the number of racks; hanging from the sleeve; acts of
defecation. An arm entry was recorded when a rat entered
into the arm with all four limbs [12, 13].
On the test day, the rats were transported to the
testing room for 2 h. Each rat was then placed in the same
corner of the open field arena and elevated plus-maze, its
behavior was recorded for 5 minutes. To avoid the presence
of olfactory signals, all the testing apparatuses (open field
test, elevated plus-maze) were thoroughly cleaned with
20% ethanol and then wiped with dry paper after each
trial.
Histology
Kidney tissue samples were fixed in ice-cold 10%
paraformaldehyde for 72 h, before dehydration and fixation
in paraffin blocks for histology. The fixed tissue was then
sectioned into 5 lm sections using a microtome. Sections
were then stained with hematoxylin and eosin (H&E). The
frames were observed at 100× under a microscope.

RESULTS AND DISCUSSION
Body weight
Body weight (BW) was significantly higher in metabolic
syndrome (Group 2) compared to control (P=0.008) (Group
1). No differences were found between CPhA (Group 3)
and MS. Complex phytoadaptogens combined with EHF
EMR for metabolic syndrome (Group 4) was the only group
with a significant body weight reduction vs. MS (Group 2)
(P=0.035) and no significant differences were observed
with the control group (Group 1). Moreover, Group 4
showed a significant difference with Group 3 (P=0.023)
(Fig. 1).
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Fig. 2. Changes over time in body weight in all experimental groups
Note: Group 1 – control, Group 2 – metabolic syndrome, Group 3 – treatment of metabolic syndrome (MS) by complex
phytoadaptogens (CPhA), Group 4 – treatment of metabolic syndrome by complex phytoadaptogens (CPhA) and low-intensity
extremely-high-frequency electromagnetic radiation (EHF EMR), *– vs. control, ** – vs. MS, *** – vs. Group 3.
Microcirculation
The changes over time in microcirculation in all
experimental groups are presented in Table 1. In metabolic
syndrome, there was a significant decrease in systolic
(Vas) (P=0.002), diastolic (Vas) (P=0.003) and mean blood
flow velocities (Vam) (P=0.002) relative to the control. In
the group of metabolic syndrome treated with complex
phytoadaptogens, there was a significant increase in Vas
(P=0.047) and Vakd (P=0.046). However, there were significant
differences in Vas (P=0.046), Vam (P=0.046) and Vakd
(P=0.027) with the control group. The combination of complex
phytoadaptogens and EHF EMR for metabolic syndrome
affected microcirculation was as follows: an increase in Vas
(P=0.017) was noted, significant differences in Vakd (P=0.017)
with the control group remained. Unlike the group of MS,
treated with complex phytoadaptogens, the combination
with EHF EMR had a more pronounced effect on Vas; there
were no significant differences with the control group.
In metabolic syndrome, along with a reduction of the
linear blood flow velocities (Vas, Vam, Vakd), volumetric
blood flow velocity was naturally decreased: Qas (P=0,018)
and Qam (P=0.002).

The analysis of volumetric blood flow rates in the
treatment groups revealed the following: after MS
was exposed to complex phytoadaptogens, there was
a tendency to increase in Qas and Qam, but significant
differences with the control group remained. After MS was
exposed to the combination of EHF therapy and complex
phytoadaptogens, the Qas and Qam were within the
confidence interval of the control group.
Metabolic syndrome has an adverse effect on the
structure of low-resistance arteries due to an increase in
the thickness of the arterial wall. This leads to hypertrophic
remodeling of the vascular wall. Therefore, metabolic
syndrome is associated with a natural increase in
vascular resistance manifested by a significant increase
in PI (P=0.007) and RI (P=0.017). The combination of
EHF therapy and complex phytoadaptogens was most
effective in improving vascular tone: there were significant
differences in PI (P=0.017) with respect to MS (Table 1).
There were significant differences between Groups 3 and
4 in these parameters: Vas (p=0.03), Qas (p=0.000), PI
(p=0.02) (Table 1).

Table 1. Microcirculation parameters in all experimental groups
Control (Group 1)

MS (Group 2)

MS+CPhA (Group 3)

MS+CPhA+ EHF EMR
(Group 4)

Vas

0.65(0.56;0.68)

0.5(0.47;0.54)*

0.53(0.51;0.56)*.**

0.61(0.53;0.64)**.***

Vam

0.24(0.19;0.27)

0.17(0.15;0.18)*

0.2(0.18;0.22)*

0.19(0.14;0.21)**

Vakd

0.25(0.21;0.3)

0.19(0.18;0.2)*

0.2(0.19;0.21)*.**

0.24(0.2;0.27)**

Qas

0.52(0.47;0.62)

0.4(0.38;0.46)*

0.46(0.44;0.48)*

0.52(0.43;0.54)**.***

Qam

0.24(0.19;0.25)

0.15(0.14;0.16)*

0.19(0.17;0.19)*

0.21(0.19;0.23)**

PI

4(3.3;4.2)

4.92(4.71;5.15)*

4.78(4.33;5.48)*

3.87(3.7;4.4)**.***

RI

0.98(0.97;1)

1(0.99;1)*

1(1;1)*

1(0.98;1)*

Note: MS – metabolic syndrome; CPhA – complex phytoadaptogens; EHF EMR – low-intensity extremely-high-frequency electromagnetic
radiation; significant differences: * – vs. control;
** – vs. MS, *** – vs. Group 3
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Stress-dependent changes in anxiety-like behavior in rats
of the immobility period, which was significantly different
from control values (p=0.011). This fact confirms the significant differences in this parameter with the control animals
in Group 3 (p=0.025). But the use of CPhA resulted in a significant difference with the MS group in terms of periods of
immobility (p=0.014) (Table 2).
There was a significant difference in the grooming number between the CPhA and MS groups (Р=0.017) and a significant difference with control (P=0.017). The difference
in the grooming number between the EHF therapy plus
CPhA and the MS groups (Р=0.017) was significant, and the
difference with the control group was insignificant, which
indicates that the combination was the most effective
option. There were no significant differences in the parameters between Groups 3 and 4.

Table 2. Changes over time in the open field test parameters in all experimental groups
Control
(Group 1)

Parameters

MS
(Group 2)

MS+CPhA
(Group 3)

MS+CPhA+ EHF EMR
(Group 4)

Open field test
Horizontal activity (distance,
expressed in squares)

58.5(36;65.5)

29.5(25;45)
р*=0.017

45(33.5;53)

45(37.5;49)

Vertical activity (number of rearings
with support on the wall)

9(5.5;13)

2.5(2;6)
р*=0.017

7(3.5;8.5)

7(6;9.5)
Р**=0.046

Vertical activity (number of rearings
without support on the wall)

7(3;8.5)

6.5(4;9)

5(3;7)

5.5(5;6.5)

Period of immobility (sec)

20(15;32.5)

60(45;75)
р*=0.011

39(32.5;45)
Р*=0.025
P**=0.014

42.5(27.5;50)
Р*=0.035
Р**=0.027

Number of grooming episodes

7(3.5;13.5)

27.5(20;40)
р*=0.011

15.5(14.5;16)
Р**=0.017

18.5(14;21)
Р**=0.017
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Open field test
Rats with metabolic syndrome (MS) (Group 2) showed
a trend towards a decrease in horizontal locomotor activity (HLA) compared to control (Group 1) within 5 min. The
number of rearings with a support (vertical locomotor
activity (VLA)) on the arena wall in Group 2 showed significant differences with the control (p=0.017) (Table 1).
This means that metabolic syndrome is associated with
a decrease in orientation-exploratory activity (↓HLA and
VLA). In the complex phytoadaptogens group, no significant differences with the control were observed in HLA or
VLA, with a recovery of test results within the confidence
interval of the control, that is, there was a tendency to normalized orientation-exploratory activity (Table 2).
The main significant manifestation of strong fear in animals with metabolic syndrome in the OFT was the duration

Note: Control (healthy animals), MS (metabolic syndrome), MS + CPhA (treatment of metabolic syndrome with complex phytoadaptogens),
MS + EHF EMR + CPhA (treatment of metabolic syndrome with low-intensity extremely-high-frequency electromagnetic radiation and
complex phytoadaptogens), the results are presented as Me (25‰;75‰); significant differences: *- vs. control 1, ** – vs. MS; p<0.05

Elevated-plus maze test
MS causes changes in the behavioral reactions of rats,
which is also demonstrated by the degree of anxiety of
the animals in the elevated plus maze. Significant (p<0.05)
decreases in the number of intersections of the central

platform, exits to the open arms of the maze, an increase
in the period of stay in the dark sleeves compared to
the control group indicate a reduction in the motor and
exploratory activity of animals (Table 3).

Table 3. Changes over time in elevated plus maze test parameters in all experimental groups
Parameters

Control
(Group 1)

MS
(Group 2)

MS+CPhA
(Group 3)

MS+CPhA+ EHF EMR
(Group 4)

Elevated plus maze
Number of entries

3(0;5)

0(0;2)
р*=0.027

0(0;0,5)

1.5(1;2)

Number of defecation events

3(2;3)

4.5(2;6)
р*=0.017

0(0;2)

0(0;1)

Number of grooming events

2(2;3)

2(1;3)

2(1;3)

4(2.5;5)

Time spent in the light sleeve

70.6
(13.45;81.61)

59.73
(52.19;109.16)

27.28
(25.8;49.35)

80.24
(42.93;136.66)
p***=0.021

Time spent in the dark sleeve

236.4
(191.29;274.56)

208.76
(174.02;221.07)
р*=0.043

228.8
(214.78;244.99)
р*=0.017

181.74
(110.1;208.1)
p***=0.015

Note: Control (healthy animals), MS (metabolic syndrome), MS + CPhA (treatment of metabolic syndrome with complex phytoadaptogens),
MS+ EHF EMR + CPhA (treatment of metabolic syndrome with low-intensity extremely-high-frequency electromagnetic radiation and
complex phytoadaptogens), the results are presented as Me (25‰;75‰); significant differences: *- vs. control 1, ** – vs. MS; *** – Group 3
vs. Group 4, p<0.05
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Analysis of the parameters of the elevated plus maze
test revealed increased anxiety and symptoms of fear in
animals. In Group 2 rats (MS), the following differences
with the control were observed: decreased time spent in
the open arm (p=0.012), increased time spent in the dark
arm (p=0.043), increased number of entries (p=0.043),
which indicated increased anxiety. In the complex
phytoadaptogens group, the time spent in the open and
closed arms of the maze did not significantly differ from
the respective values in the control (Table 3).
The number of defecation events was increased in the
metabolic syndrome group compared with the control
(p=0.017), reflecting the emotional responses of the
animals. In the treatment group, the obtained result did
not significantly differ from the control (Table 3).
The most pronounced difference between the
metabolic syndrome (MS) and the control groups was in
dark sleeve time. The combination of EHF therapy and
CPhA was the most effective treatment of metabolic

syndrome in this regard, since there were no significant
differences with the control. There were significant
differences between Groups 3 and 4 in time spent in
the light sleeve (p=0.021), time spent in the dark sleeve
(p=0.015) (Table 3).
Blood chemistry test results
The analysis of serum chemistry parameters revealed
that animals fed a diet high in carbohydrates and fats
had significant increases in total cholesterol (p=0.049),
triacylglycerides (p=0.011), LDL (p=0.038), C-reactive
protein (p=0.016), as well as a decrease in creatinine
(p=0.011) compared with the control (Table 4).
When metabolic syndrome was treated with complex
phytoadaptogens and their combination with EHF therapy,
the results of these tests did not differ from the respective
values of the control group. There were no significant
differences between Groups 3 and 4 in these parameters.

Table 4. Changes over time in the blood chemistry parameters in all experimental groups
Control
(Group 1)

MS
(Group 2)

MS+CPhA (Group 3)

MS+CPhA+ EHF EMR
(Group 4)

Total cholesterol
(mmol/l)

1.5(1.1;1.6)

1.66(1.42;1.81)*
р=0.049

1.25(1.23;3.48)**
p=0.017

1.29(1.13;1.49)

Creatinine (μmol/L)

53(47;54)

44(39.5;48)*
р=0.011

43(39;55)

45.5(42;50.5)

Triglyceride (mmol/l)

1.7(1.31;3.05)

5.02(2.66;9.87)*
р=0.011

3.19(2.29;3.48)**
p=0.017

2.34(1.75;2.75)**
p=0.011

High-density lipoprotein
(HDL) (mmol/l)

0.58(0.48;0.8)

0.72(0.52;0.84)

0.45(0.3;0.51)**
p=0.042

0.47(0.42;0.59)

Low-density lipoprotein
(LDL) (mmol/l)

0.14(0.12;0.27)

0.23(0.12;0.38)*
р=0.038

0.09(0.07;0.25)**p=0.017

0.11(0.06;0.24)

C-reactive protein (mg/l)

357.4(346.5;402.5)

658,1(586,4;764,3)
р*=0,0002

364,6(349,7;379,2)

357,2(334,9;389,4)

Note: Control (healthy animals), MS (metabolic syndrome), MS + CPhA (treatment of metabolic syndrome with complex phytoadaptogens),
MS + EHF EMR + CPhA (treatment of metabolic syndrome with low-intensity extremely-high-frequency electromagnetic radiation and
complex phytoadaptogens), the results are presented as Me (25‰;75‰); significant differences: *- to control 1, ** – to MS; p<0.05

Impact of CPhA and CPhA+ EHF EMR on kidney histopathology in MS rats
Examination of H&E-stained sections from rats
with metabolic syndrome showed pronounced
histopathological changes, especially in the renal cortex:
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abnormalities were observed mainly in the glomeruli (G)
and proximal convoluted tubules and renal stroma, as
compared with the control (Fig. 3 C, D).
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Fig. 3. Histological structure of the renal cortex in control and metabolic syndrome rats
Note: Control group (A, B) shows normal renal glomeruli (G) and tubules (PCT, DCT), while in the metabolic syndrome group (C,
D) some glomeruli appeared atrophic (G1) while others appeared hypertrophic (G2). Most of the PCTs appeared degenerated,
with widened lumen, loss of brush border and pyknotic nuclei. Note the presence of interstitial wide spaces (WS), blood
extravasation (BE) and infiltration with inflammatory cells (IC); (H&E– A – C × 200)
The kidneys of the control rats had a normal structure of
the renal cortex (Fig. 3 A, B), which contained mainly renal
corpuscles consisting of glomerular capillaries enclosed
by a Bowman’s capsule. In addition, there was a capsular
space between the proximal (PCTs) and distal convoluted
tubules (DCTs). In the rats with MS, the glomeruli were
hypertrophic (G2) with expanded glomerular capillaries,
while other glomeruli seemed atrophic (G1). In addition,
most PCTs were expanded and lost the brush border; their
cells had vacuolated cytoplasm and dark pyknotic nuclei. In
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addition, interstitial wide spaces (WS), blood extravasation
(BE) and infiltration with mononuclear inflammatory cells
(ICs) were observed in various areas of the renal cortex.
Comparing rats with metabolic syndrome treated with
CPhA (Fig. 4 A, B) and CPhA with EHF EMR (Fig. 4 C, D),
CPhA and EHF EMR showed a marked improvement in the
histological profile of the kidneys manifested by almost
normal glomeruli and PCTs without signs of degeneration
(decrease in interstitial wide spaces) and infiltration by
inflammatory cells.
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Fig. 4. Histological structure of the renal cortex in the groups of rats with metabolic syndrome treated with complex
phytoadaptogens (A, B) or low-intensity extremely-high-frequency electromagnetic radiation and complex phytoadaptogens
(C, D)
Note: Appearance is nearly back to normal as compared to the control group in terms of the glomeruli (G) and tubules (PCT,
DCT), interstitial wide spaces (WS), blood extravasation (BE) and infiltration with inflammatory cells (ICs); (H&E–A – D × 200)
Evaluating the microcirculation, serum chemistry
parameters, anxiety-like behavior and kidney histology,
we demonstrated significant differences in metabolic
syndrome treatment outcomes in favor of the combined
use of complex phytoadaptogens and low-intensity
extremely-high-frequency electromagnetic radiation.
Effects of low-intensity extremely-highfrequency electromagnetic radiation and complex
phytoadaptogens on microcirculation parameters
in metabolic syndrome
The decreased availability of endogenous vasodilators
necessary to maintain optimal vascular tone and tissue
blood flow explains the changes at the microcirculation
level in metabolic syndrome, as compared with the control group: significant decreases in systolic (Vas) (P=0.002),
diastolic (Vas) (P=0.003) and mean (Vam) (P=0.002) blood
flow velocities were obtained during our study. In metabolic syndrome, along with a decrease in linear blood flow
(Vas, Vam, Vakd), there were decreases in the volumetric
flow rates: Qas (P=0.018) and Qam (P=0.002). Metabolic
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syndrome has an adverse effect on the structure of low-resistance arteries due to an increase in the thickness of
the arterial wall. This leads to hypertrophic vascular wall
remodeling. Therefore, metabolic syndrome is typically
associated with increased vascular resistance, which was
evidenced by significant increases in PI (P = 0.007) and RI
(P= 0.017).
Complex phytoadaptogens produced significant
increases in Vas (P=0.047) and Vakd (P=0.046) in metabolic syndrome; however, there were significant differences in Vas (P=0.046), Vam (P=0.046) and Vakd (P=0.027)
with the control group. The effect on MC of the combination of CPhA and EHF EMR led to an increased Vas
(P=0.017), while significant differences in Vakd (P=0.017)
with the control group remained. When combined with
EHF therapy, complex phytoadaptogens had a more
pronounced effect on Vas in metabolic syndrome than
alone; there were no significant differences with the control group. Analysis of volumetric blood flow rates in the
treatment groups demonstrated a tendency to increased
Qas and Qam, when MS was treated with complex

ТЕХНОЛОГИИ ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ И МЕДИЦИНСКОЙ РЕАБИЛИТАЦИИ

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962

Technologies of Restorative Medicine and Medical Rehabilitation

The main humoral agent of the anticoagulation system,
heparin, released into the bloodstream after degranulation
of mast cells, forms complex compounds with blood proteins and amines in response to the thrombin appearing
in the bloodstream. The resulting complexes have non-enzymatic fibrinolytic activity, anticoagulant, anti-polymerization and anti-aggregation properties [24, 25].
Effects of low-intensity extremely-highfrequency electromagnetic radiation and complex
phytoadaptogens on anxiety and behavioural
reactions in metabolic syndrome
Stress is an important etiological factor in the
development of metabolic syndrome. Understanding
the connections and interactions between stress,
neurobiological adaptations and obesity is important
for developing effective strategies for the prevention
and treatment of obesity and related metabolic diseases.
Therefore, we also studied the behavioral parameters of
animals in health and MS and during the treatment of the
latter. The combination of complex phytoadaptogens and
EHF EMR was shown to be most effective. When metabolic
syndrome was treated with complex phytoadaptogens
or their combination with EHF EMR, the horizontal and
vertical motor activity increased statistically significantly
(p<0.05) compared with the animals with metabolic
syndrome (MS) in the "Open Field" test, specifically the
number of crossed squares (locomotor activity) and the
number of racks, suggesting a trend to recovery of the
motor activity disturbed by stress. In its turn, the most
pronounced changes in the "Elevated plus maze" test in
animals with metabolic syndrome (MS) were in dark sleeve
time, as compared with control 1. The combination of
complex phytoadaptogens and EHF therapy was the most
effective in the treatment of metabolic syndrome in this
regard, since there were no significant differences with the
control group, apparently due to the pronounced stresslimiting effect of both complex phytoadaptogens and EHF
therapy [5, 13]. EHF EMR promotes the release of serotonin
from mast cells, which stimulates endothelium-dependent
vasodilation. Biologically active substances released from
the mast cells also have an effect on numerous nerve
endings, which may contribute to the overall response
to EHF EMR [3, 26]. Stress-limiting systems, which include
the serotonergic system, inhibit the release of KA from
the nerve endings and adrenal glands and the action of
these monoamines, thereby limiting the excessive stress
response and its damaging effect on the body. It has
also been shown that many mediators of stress-limiting
systems play a key role in preventing platelet aggregation
and adhesion, which can determine their protective effect
during stress activation of thrombosis.
CPhA modulate the synthesis of cor tisol and
adrenocorticotropic hormone under stress, increase the
level of neurohormones ("hormones of joy" – endorphins,
dopamine), exhibit neuroprotective activity, prolong the
stage of resistance of the Selye triad [47, 49]; secondary
metabolites of CPhA promote the adaptation of cells to
stress, which is called the phenomenon of hormesis or
preconditioning [6,7]. Glycyrrhiza glabra significantly
reduces the secretion of tumor necrosis factor-α, IL-1β
and IL-6, decreases the formation of ROS, inducing
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phytoadaptogens, but significant differences with the
control group remained. When MS was treated with the
combination of EHF therapy and complex phytoadaptogens, the Qas and Qam were within the confidence interval of the control group. The combination of EHF therapy and complex phytoadaptogens was most effective in
improving a vascular tone: there were significant differences in PI (P=0.017) with MS.
The results obtained can be explained as follows:
homeostasis of the vascular network is ensured by the
integrity of endothelial tissue, which is a central link in
the regulation of a complex balance between substances
with vasodilating activity and vasoconstrictive properties
[14, 15]. Endothelial dysfunction is one of the earliest vascular changes observed in obesity. This is characterized by
a decrease in the availability of NO both due to its accelerated degradation as a result of the excessive dominance
of vascular generation of reactive oxygen species (ROS)
and due to altered endothelial enzyme NO synthase production (eNOS). Nitric oxide (NO) is the main compound
involved in the regulation of vascular homeostasis; it is produced by endothelial cells as a result of the conversion of
L-arginine into citrulline under the action of the constitutive eNOS [15]. An increased concentration or activity of
arginase can reduce the amount of L-arginine available for
eNOS, which reduces the production of NO and induces
endothelial dysfunction [16].
Obesity is associated with inflammation and specific
chemokines produced by visceral fat (adipokines) play an
important role in controlling inflammation [17, 18]. The
production of adipokines by fat cells can be considered an
endocrine function and makes adipose tissue the largest
endocrine organ of the body. The main adipokines produced by fat cells – leptin, resistin and adiponectin – can
affect vascular homeostasis in different ways. Leptin, the
main protein produced by adipocytes, can stimulate the
secretion of TNF-α and interleukin-6 (IL-6), which, in turn,
contribute to endothelial dysfunction directly or by inducing an increase in ROS production in endothelial cells [19].
TNF-α can stimulate ROS production by activating NADPH
oxidase or by activating nuclear transcription factor-kappa
B (NF-kB), which leads to activation of macrophages, migration and proliferation of smooth muscle cells and induction of expression of adhesion molecules by endothelial
cells [20]. IL-6 increases the production of ROS by activating
xanthine oxidase and the reduced form of nicotinamide
adenine dinucleotide phosphate oxidase (NADPH oxidase)
[20,21].
The effects in Group 4 (treatment of metabolic syndrome with low-intensity extremely-high-frequency electromagnetic radiation and complex phytoadaptogens) can
be explained as follows: complex phytoadaptogens affect
the hemostasis system, improving the rheological properties of blood, modulating coagulation and fibrinolysis by
increasing the production of anti-thrombotic substances
such as NO, PG El, EETs, prostacyclin, thereby normalizing
vascular tone and blood flow due to vasodilation (↑NO)
[6-8, 22]. In its turn, EHF EMR increases the release of secretions from mast cells (histamine, proteases, serotonin, heparin) with their degranulation; it seems to be one of the
mechanisms in the cascade of events leading to a systemic
response of the body to the effects of low-intensity EMR.
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phosphorylation of AMPK (AMP-activated protein kinase),
which leads to increased activity of antioxidant enzymes
[22].
EHF EMR activates mechano-, thermo- and pain
receptors and other nerve endings and peripheral
fibers located in the skin; the signal from the peripheral
nerve endings and fibers enters the central nervous
system, which may cause a reflex change in the tone
of blood vessels [46]. Circulating catecholamines,
norepinephrine and epinephrine, play an important role
in the regulation of skin vessels [5, 3, 26]. Normally, when
sympathetic innervation is preserved, the effect of blood
catecholamines on vascular tone is insignificant, and the
regulatory role of circulating catecholamines manifests
itself under stress. EHF radiation reduces the stress-induced
increase in the content of catecholamines in peripheral
blood erythrocytes of animals, the thymus and spleen,
structures of mesenteric lymph nodes, up to normalization
under the influence of preliminary or subsequent EHF
radiation [26, 27].
Effects of low-intensity extremely-highfrequency electromagnetic radiation and complex
phytoadaptogens on kidney histology
The relationship between MS and chronic kidney
disease is controversial, but possible mechanisms of
renal impairment may include the systemic release of
pro-inflammatory cytokine mediators, free radicals and
oxidative stress in MS [28, 29]. Our study also showed
structural disturbances in the kidneys associated with
metabolic syndrome: abnormalities, especially in the
renal cortex, were observed in the glomeruli (G), proximal
convoluted tubules (PCTs) and renal stroma, as compared
with the control; some glomeruli appeared atrophic (G1),
while others appeared hypertrophic (G2). Most of the PCTs
appeared degenerated, with widened lumen, interstitial
wide spaces (WS), blood extravasation (BE) and infiltration
with inflammatory cells. The combination of low-intensity
extremely-high-frequency electromagnetic radiation and
complex phytoadaptogens improved the histological
profile of the kidneys. We think that the kidney structure
was restored due to the antioxidant effect of the complex
phytoadaptogens, as well as the direct effect of EHF EMR
on microcirculation, which will be the subject of our further
study.
Effects of low-intensity extremely-highfrequency electromagnetic radiation and complex
phytoadaptogens on serum chemistry parameters in
metabolic syndrome
It was found that the animals on a diet high in
carbohydrates and fats had significant increases in
total cholesterol (p=0.049), triacylglycerides (p=0.011),
LDL (p=0.038), C-reactive protein (p=0.016), as well as
a decrease in creatinine (p=0.011) compared with the
control. These data are consistent with the pathogenesis of
metabolic syndrome.
In our study, the biochemical markers of metabolic
syndrome were affected by complex phytoadaptogens –
Glycyrrhiza glabra, Rhodiola rosea, Acanthopanax senticosus,
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as well as their combination with EHF therapy. It has been
shown that the consumption of Acanthopanax senticosus
(AS) leaves regulates plasma levels of triglycerides and
cholesterol due to the significant fiber content in the
leaves, inhibiting the absorption of cholesterol or the
reabsorption of bile acids [6, 7]. Dietary fibers increase
the excretion of bile acids with feces by increasing the
expression level of cholesterol 7a-hydroxylase mRNA
(CYP7al), which limits the rate of conversion of cholesterol
into bile acids [9].
The effects exerted by AS on lipid metabolism are due
to the potential activity of anthocyanins included in the
composition. Anthocyanins reduce the accumulation of
lipids in the liver and improve insulin sensitivity through
5'AMP-activated protein kinase (AMPK) in peripheral
tissues. In the liver, activation of AMPK inhibits the
synthesis of fatty acids and cholesterol by phosphorylation
and deactivation of acetyl-CoA carboxylase and 3-hydroxy3-methylglutaryl-CoA responsible for enhancing fat
oxidation [6, 7, 22].
Recent studies show that an increase in the production
of reactive oxygen species from accumulated fat mass
causes increased systemic oxidative stress, contributing
to the development of chronic diseases associated with
obesity [28, 29]. Obesity-induced oxidative stress in
adipose tissue can lead to an increase in inflammatory
signals, impaired regulation of adipokines and insulin
resistance [29]. Therefore, the use of antioxidants is very
important in the treatment of obesity. AS extract increases
the activity of antioxidant enzymes such as superoxide
dismutase, glutathione peroxidase, catalase in the liver
of experimental mice with obesity/type 2 diabetes. It
was found that AS extract reduces the accumulation
of ROS (superoxide anion radical and H2O2). The bestknown antioxidant of plant origin is Rhodiola rosea,
which augments the endogenous antioxidant enzymatic
response. The use of Rhodiola rosea extract inhibits the
activity of proline dehydrogenase (PDH) and glucose-6phosphate dehydrogenase (G6PDH). Inhibition of PDH and
G6PDH activity by Rhodiola rosea prevents the oxidation
of proline necessary for the formation of ATP, which is
associated with an endogenous antioxidant enzymatic
response via PPR, resulting in inhibition of adipogenesis.
Rhodiola extract and its main biologically active substance,
tyrosol, increase the activity of superoxide dismutase,
promoting a decrease in the content of reactive oxygen
species during adipogenesis [7, 9, 23].
Glycyrrhizin from Glycyrrhiza glabra reduces oxidative
stress by decreasing the concentration of free fatty
acids, possibly due to the inhibition of ROS formation in
metabolic syndrome, which, in turn, reduces oxidative
damage to cardiolipin and other enzymes, resulting in an
improvement in mitochondrial function. All of the above
effects of complex phytoadaptogens can explain the
changes over time in blood chemistry parameters in the
treatment groups obtained during the experiment [24, 25].
C-reactive protein levels decreased in all treatment
groups; there were no significant differences with the
control due to the anti-inflammatory effect of complex
phytoadaptogens [6, 7].

ТЕХНОЛОГИИ ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ И МЕДИЦИНСКОЙ РЕАБИЛИТАЦИИ

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962
This is a very important aspect for the treatment of
metabolic syndrome, in which endothelial dysfunction is
a key pathophysiological element. Based on the above,
phytoadaptogens are promising addition for the treatment
of metabolic syndrome, especially in combination with EHF
EMR, since their effects potentiate each other. CPhA affect
the etiology and pathogenesis of metabolic syndrome
by several mechanisms; therefore, they are promising
medicines in the complex fight against excess weight.
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CONCLUSION
The repor ted study demonstrated that sk in
microvessels, blood cells, as well as nerve endings
and peripheral nerves of the skin, are directly affected
by EMR EHF radiation, this effect is systemic and can
trigger reactions from the nervous, endocrine, immune
systems with changes in the content or synthesis of
biologically active substances (hormones, cytokines,
neurotransmitters), which plays an essential role in the
mechanisms of regulation of blood microcirculation.
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ABSTRACT
INTRODUCTION. The impact on a human organism of health resort detox programs based on therapeutic governance of lymphatic
tissues drainage on human metabolism and a possibility to reduce intoxication and inflammation level has not been evaluated yet.
AIM. To make the first attempt to objectively estimate the influence of health resort body detoxification programs on lipid and
carbohydrate metabolism and the processes of intoxication and inflammation.
MATERIAL AND METHODS. The laboratory data were obtained for all the patients treated under the detoxication program in the
corresponding date range (89 persons had a venous blood collected on the first day and the day before the departure). The dynamics
of the laboratory indicators were calculated.
RESULTS AND DISCUSSION. There is an increase of intoxication markers to the end of the first week and a decrease of inflammation
and intoxication markers to the end of the second accompanied by a decrease in total cholesterol level. HOMA decreases in all groups,
but other insulin resistance markers remain unaltered.
The decrease in cholesterol confirms the expected effect of lymphatic drainage and bile acid loss. There is a decrease in the hepatic
insulin resistance without a significant change of the total one. The process of autointoxication rising during the lymphatic drainage
and its further decline below the start values is confirmed.
CONCLUSION. An attempt was made to evaluate the body's detoxification programmes using laboratory markers. Such programs
decrease level of total cholesterol, body’s intoxication and inflammation level, lower hepatic component of the insulin resistance. This
impact is in stages.
KEYWORDS: environmental pollutants, sorption detoxification, health resorts, lipid metabolism, carbohydrate metabolism,
inflammation, insulin resistance

Fedor I. Isayev ET AL. | Original article

Fedor I. Isayev*1, Alexey A. Moskalev2,3

For citation: Isayev F.I., Moskalev A.A. Health Resort Detox Programs Impact on the Body: a Prospective Laboratory Analysis in «Kivach
Clinic». Bulletin of Rehabilitation Medicine. 2022; 21 (5): 109-115. https://doi.org/10.38025/2078-1962-2022-21-5-109-115
*For correspondence: Fedor I. Isayev, e-mail: fisaev@kivach.ru
Received: May 30, 2022
Revised: Jul 25, 2022
Accepted: Aug 19, 2022

Проспективный анализ влияния санаторно-курортных детокспрограмм на организм в «Клинике Кивач» с учетом лабораторных
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РЕЗЮМЕ
ВВЕДЕНИЕ. Не было проведено ни одного исследования влияния на организм человека санаторно-курортных детокс-программ, основанных на терапевтическом управлении дренажем лимфатических тканей, на метаболизм человека и возможность
снижения уровня интоксикации и воспаления.
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ЦЕЛЬ. Предпринять первую попытку объективной оценки влияния санаторно-курортных программ детоксикации организма
на липидный и углеводный обмен, процессы интоксикации и воспаления.
МАТЕРИАЛ И МЕТОДЫ. Лабораторные данные были получены для всех пациентов, проходивших лечение по программе детоксикации в соответствующем диапазоне дат (у 89 человек венозная кровь была взята в первый день и за день до отъезда). Рассчитана динамика лабораторных показателей.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Отмечается повышение маркеров интоксикации к концу первой недели и снижение маркеров
воспаления и интоксикации к концу второй, сопровождающееся снижением уровня общего холестерина. Показатель HOMA
снижается во всех группах, но другие маркеры инсулинорезистентности остаются неизменными.
Снижение уровня холестерина подтверждает ожидаемый эффект лимфодренажа и потери желчных кислот. Наблюдается снижение печеночной инсулинорезистентности без существенного изменения общей. Подтвержден процесс нарастания аутоинтоксикации во время лимфодренажа и ее дальнейшее снижение ниже исходных значений.
ЗАКЛЮЧЕНИЕ. Предпринята попытка оценить программы детоксикации организма с помощью лабораторных маркеров. Такие
программы снижают уровень общего холестерина, уровень интоксикации организма и воспаления, снижают печеночный компонент инсулинорезистентности. Это воздействие происходит поэтапно.
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INTRODUCTION
In the course of aging processes and through the action
of exogenous pollutants unidirectional impairment of intercellular and lymphatic microcirculation occurs [1]. Starting
from the adolescence, the lymphoid parenchyma of the
lymph nodes is being replaced by connective and adipose
tissue. Thus, in old age, the amount of inguinal and axillary
lymph nodes is halved [2]. It limits the transport of nutrients and medicines to the intercellular matrix and cells, and
removal of the products of cell vital activity. Metabolites
accumulating in the body are capable of stimulating phagocytosis and activating lipid peroxidation and coagulation of
blood and lymph. An increase in inflammatory and intoxication processes in body tissues, which develops throughout
life, resulting in hypoxia and premature aging [1, 3].
It occurs through an increased entry of toxic substances into the human body from the environment resulting from the anthropogenic impact on it. Human activity
leads to drinking water, soil and air pollution, which manifests through an increase in the concentration of toxic
substances in the environment above the safe limit. Due
to the anthropogenic impact, the environment gets contaminated with nitrates, sulfur dioxide, lead, bisphenol
A, phthalates, perfluoroalkyl substances, volatile organic
compounds, dioxins, polycyclic aromatic hydrocarbons,
dust and smog particles, radon, pesticides etc. [4, 5]. Solid
particle contaminants in the air masses (the atmosphere or
the indoor air) are inhaled and, if less than 10 μm in diameter, end up in the bloodstream through the respiratory
mucosa. Inhaled pollutants are transported through the
bloodstream and the lymphatic system causing inflammation in the lymph nodes and spreading to the peripheral
organs (the liver, adipose tissue). They have a toxic effect
on the body due to their chemical properties, causing systemic inflammation and oxidative stress, neurotoxicity,
irritation (and permeability impairment) of the mucosa
and the gastrointestinal tract, increasing cardiovascular,

respiratory and neurologic morbidity and overall mortality
at the population level [4, 6].
The above-mentioned age-related changes in the lymphatic system, which per se contribute to the autointoxication of the body, because of the increased external intoxication burden were specified by Y.M. Levin, who developed
the therapeutic rehabilitation program (“Endoecological
rehabilitation”), to be the target of the therapeutic intervention [2].
Y.M. Levin developed a concept of therapeutic governance of interstitial humoral transport and lymphatic
drainage of tissues and lymph detoxification. The object
of the impact is predominantly the lymphatic system, and
the main expected outcome is restoration of regulatory,
adaptive and protective resources of the human organism through reduction of the intoxication of the body.
Lymphatic drainage is a result of a complex impact on the
human body, promoting toxin removal via humoral transport, from the intercellular space to the organs of excretion. The novelty of his concept was non-traumatic detoxification of the lymph via intensification of lymph excretion
through the capillaries of intestinal villi, along with enhancing the biligenetic and detoxification functions of the liver,
the detoxification function of the kidneys and intestinal
adsorption in order to prevent reabsorption [2]. The theoretical outlines mentioned above have served as the basis
for the “Detox” programs in Kivach Clinic (The Republic of
Karelia, Russia). However, the health impact of the programs themselves has not been evaluated yet.
AIM OF THE STUDY
To determine the mean changes in lipid and carbohydrate metabolism and in the level of intoxication
and inflammation in patients before and after undergoing a health resort detoxification program based on Y.
M. Levin’s method through analyzing the dynamics of the
laboratory markers.
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microscopy), ESR. The calculation of the following indices
was performed: HOMA-IR, TyG (the triglyceride glucose
index) and METS-IR (the metabolic score for insulin resistance), the leukocyte index of intoxication (LII) (J.J. Calf-Calif formula and B.A. Reis' modification), the hematological
index of intoxication by V. S. Vasiliev (HII).
Each group of the patients received identical treatment
within the limits of their health resort program, which
included calorie restriction, tubages, intestinal adsorbents,
cleansing enemas and monitor bowel cleansing, taking
herbal lymph drainage and antiparasitic preparations,
medications for restoration of the microflora, hydrotherapy,
halotherapy, massage, system magnetic therapy, thermal
procedures (Karelian banya, Finnish and infrared sauna,
pelotherapy), body wraps (wet and salt body wraps and/
or thalassotherapy).
The HOMA-IR was calculated as fasting insulin level
(mcIU/mL) x fasting glucose level (mmol / L) / 22,5 and
allowed us to evaluate the median values of insulin resistance [7]. METS-IR was calculated as follows: Ln((2x fasting
plasma glucose)+ fasting triglycerides)x body mass index)/
(Ln(high-density lipoprotein cholesterol)) [8], and TyG – as
follows: Ln ((fasting plasma glucose (mg/dL) x fasting triglycerides (mg/dL) / 2), where ln is a natural logarithm [9].
The leukocyte index of intoxication (LII) was established
by the formula proposed by J.J. Calf-Calif. LII = ((4xМ+3xMet+2xBf+S)x(PC+1)) / (MO+L)x(E+1). M – myelocytes,
Met – metamyelocytes, Bf – band forms, S – segmented
neutrophils, PC – Plasma cells, MO – monocytes, L – lymphocytes, E – eosinophils [10, 11]. It is believed that the
introduction of the numerical coefficients into the formula in order to enhance the significance of some cells
is not completely justified: we cannot establish with sufficient reliability the level of significance of each cell in
the leukocyte differential, for the plasma cells and the
metamyelocytes are present in approximately 0.3–0.5%
and 5–7% of cases, respectively. That’s why B.A. Reis' modification is often used. (LII (R)): LII (R) = (M+Met+Bf+S)/
(MO+L+E) [9]. Also, the hematological index of intoxication
by V. S. Vasiliev (HII) serves as an additional determination
method. It is calculated as follows: HII = LII x CfL x CfESR, in
which LII is the leukocyte index of intoxication, CfL is the
leukocytosis correction factor and CfESR is the erythrocyte
sedimentation rate correction factor [10].
The study was approved by the Ethics committee of the
“Kivach Clinic”: The study was approved by the Ethics committee of the “Kivach Clinic” (Certificate of approval No. 1
issued on 11.01.2021).
The statistical data analysis was performed in Microsoft
Excel 2019 with the help of the built-in tools. The medians were evaluated as the averages in all cases with Excel
inbuild “mediana” function applied on a column of numeric
values. The dynamics of values was evaluated as (x2-x1)/x1
* 100% where x1 – is the first meaning of an indicator and
x2 – is the second one. An interquartile range (Table 1, see
Appendix) was evaluated to estimate a statistic dispersion of the groups as q3-q1 where q1 and q3 are 25-th and
75-th percentiles of the data respectively. They were calculated with Excel inbuilt “procentile.inc” function.

Fedor I. Isayev ET AL. | Original article

MATERIAL AND METHODS
A single-center prospective open observational study
was conducted from 17/01/2021 till 30/06/2021 at the
“Kivach Clinic” (v. Konchezero, The Republic of Karelia,
Russia). A total of 89 people, who underwent the “Detox”
health resort treatment program were examined. The inclusion criteria for the participants were as follows:
1) aged at least 18 and over;
2) undergoing any of the standard health resort programs provided by the clinic (“Detox Basic”, “Detox Premium”, “Detox Exclusive”);
3) receipt of blood test results performed on the day of
the arrival and results of a similar follow-up test performed
before the departure (total cholesterol, insulin, glucose,
complete blood count with a white blood cell differential
and ESR; triglycerides and LDL cholesterol for the second
phase).
The exclusion criteria were the contraindications to
the health resort treatment established by order of the
Ministry of Health of the Russian Federation No. 1029н of
September 28, 2020, and aged 65 and over. There was no
additional selection of the patients after their check-in and
admission to the health resort programs. Venous blood
served as a material for the evaluation. It was taken in the
medical procedure rooms of the clinic into colour-coded
vacuum blood collection tubes. These labeled tubes were
prepared in the laboratory of the clinic for the transportation (i.e. centrifuged, barcoded and packed in lockable
bags). Then they were transported in thermal bags with
necessary quantity of cooling elements with accompanying documents to the “Helix” Laboratory service where
all the tests were performed. The results of the tests were
received on behalf of the subcontractor.
The study was conducted in two phases. The evaluation of the results of the laboratory tests was performed
in every participant on the first day of the program and on
the 5th/9th/12th days and on the 7th/10th/14th days of
the programs, respectively.
The first phase of the study included the patients, who
underwent the “Detox” program during a 14-day period
(54 people, 27 men and 27 women, aged between 23 and
64; the median age was 49 years). The following measurements were taken and values were evaluated: total cholesterol, glucose, insulin, white blood cell differential (with
blood smear microscopy), ESR. The calculation of the following indices was performed: HOMA-IR (homeostasis
model evaluation of insulin resistance), the leukocyte index
of intoxication (LII) (J.J. Calf-Calif formula and B.A. Reis'
modification), and the hematological index of intoxication
by V.S. Vasiliev (HII).
The second phase of the study included the patients,
who underwent the “Detox” program during a 7- and
10-day period. The 7-day program group included 22 people (7 men and 15 women, aged between 29 and 63, the
median age was 40 years). The 10-day program group
included 13 people (6 men and 7 women, aged between
37 and 52, the median age was 44 years). The following
measurements were taken and values were evaluated:
glucose, insulin, total cholesterol, triglycerides, LDL cholesterol, white blood cell differential (with blood smear
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RESULTS AND DISCUSSION
The findings are shown in Table 1 (in appendix). We
observe the decline of median values of total cholesterol
levels from the initial values in the range of 5.36-5.48
mmol/l (above the reference level) to the range of 4.95-5.16
(below the reference level). Clinically, a significant decline
of cholesterol values was in the 10 and 14-day program
groups (-11.94% and -10.43% respectively). In the largest
control group, which underwent the 14-day program, the
total cholesterol levels returned to the reference range in
54% of people with hypercholesterolemia (<5.2 mmol/l) by
the time of their check-out. HOMA index of insulin resistance demonstrated a decrease for all groups with reducing amplitude of decline as far as the longitude of the programs growths. HOMA decrease was the most prominent
from 1.14 to 0.7 in “Detox 7” group and minimal from 2.14
to 2.08 in “Detox 14” group. The METS-IR and TyG indices
did not demonstrate a shift and maximal changes of their
median values is below 4%. The leucocyte indices (the
Calf-Calif leucocyte index of intoxication, the Reis index
of intoxication, the hematological index of intoxication by
Vasiliev) had different literature data regarding their reference and target ranges, so the dynamics of the indices
were evaluated. Two of these indices demonstrated growth
in the 7-days treatment program group of patients up to
16.08% for hematological index of intoxication. The negative dynamics of values was presented in the 10- and
14-day groups for all three indices in both groups ranging
from 11.48% to 29.92%. ESR absolute median values did
not change significantly and remained within the reference
range mostly. But its relative values notably changed up
to 50% in “Detox 7” group, up to 25% in “Detox 10” group
and became 15.04% less than the start point in “Detox 14”
group. We observed an increase of white blood cell count
in “Detox 7” group (+8.63%) and less notable rise in “Detox
10” group with a 10.62% decrease of white blood cell count
in “Detox 14” group. No adverse events were observed.
Lipid metabolism
According to the estimation made by Y. Levin, if
there is an increase in the concentration of cholesterol
and atherogenic lipids in blood, then stimulation of
lymphatic drainage reduces accumulation of cholesterol
in the human body tissues and lipid plaque formation in
the artery walls simultaneously improving the oxygen
uptake rate. It occurs due to the natural function of the
lymph capillaries: in the absence of vasa vasorum in 2/3
of the artery walls it is the capillaries that undertake the
task of removing the lipids and their metabolites. The
stimulation of the lymphatic drainage in the natural way
leads to antiatherogenic protection of the artery walls
[2]. Moreover, the deliberate impact on the enterohepatic
circulation of bile acids is carried out, which is the
distinctive feature of the “Detox” program. Under normal
circumstances, 90-95% of bile acids are being reabsorbed
back [12, 13]. Targeted inhibition of this process through
per forming the bowel cleansing procedures and
administering intestinal adsorbents (enterosorbents) is
supposed to intensify bile acid loss and increase the level of
their synthesis in the hepatocytes (which cannot, however,
exceed 5 mg per day). The stimulation of bile acid synthesis
reduces the cholesterol level in the liver and enhances its
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synthesis de novo. A decrease in the concentration of bile
acids in the intestines should also lead to the reduction
of fat absorption. Furthermore, cholesterol is a primary
component of forming bile and its conversion into bile
acids and excretion with the feces is the only way of
elimination cholesterol from the body (and this path is
enforced via conducting the choleretic procedures) [12,
13]. The results demonstrated a decrease in cholesterol
levels and are in line with the theoretical expectations.
Carbohydrate metabolism
There are many mechanisms which contribute to insulin
resistance. In the adipose tissue the density of insulin
receptors mostly decreases. Also, the adipokine secretion
changes. The tyrosine kinase activity in the muscle tissue
is reduced, which leads to a decrease in the glucose
uptake, the antilipolytic effect of insulin is suppressed and
glycogenolysis and gluconeogenesis are activated. Hepatic
insulin resistance results from the fact that insulin has no
inhibitory effect on gluconeogenesis and causes increased
glucose production by hepatocytes [14, 15].
HOMA-IR is used to evaluate insulin resistance in
patients with type 2 diabetes and pre-diabetes, as well as
in presumably healthy people. Regardless of the duration
of the programs a decrease in the measured values was
observed (with the most substantial decline on the 7-day
programs). The notable dynamics can be explained by the
fact that HOMA-IR, as supposed, mostly reflects hepatic,
and not peripheral, insulin resistance [16] – and the
maximum effect on the liver and gastrointestinal tract is
achieved during the first days of any Detox program.
At the same time, this index takes into account only
two markers that are subject to marked variability. A lowprotein diet is known to lower the basal insulin levels
in obese people [17]; all the patients had their protein
intake restricted for the first 5 days. This might have
caused a decrease in insulin and HOMA-IR values, which
did not reflect the real dynamics of the insulin resistance.
The second phase of the study evaluated new indices of
the insulin resistance that do not require insulin for their
calculation: METS-IR and TyG.
The results of their insignificant changes suggest that
the Detox program has no global impact on the insulin
resistance during a short period of time (up to 10 days),
although it significantly reduces the manifestation of the
hepatic component of the insulin resistance, which could
be viewed by HOMA-IR.
Intoxication and inflammation
To measure endogenous intoxication, white blood
cell differentials were used. It is known that healthy
people have their white blood cells in the homeostatic
balance. An increase in the intoxication level through the
action of pathogens and inflammatory factors stimulates
leukocytosis, causing immature blood cells to enter the
bloodstream. It represents a ratio of the level of cells
increased during the inflammatory and purulent processes
(neutrophils and immature cells) to the level of cells that
may be decreased in these processes (lymphocytes,
monocytes, eosinophils) and allow to measure the tissue
degradation processes and the level of endogenous
intoxication [10].
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a trend towards leukocytosis in the beginning (in the 7-day
program group) with a later decrease below the baseline
(in the 14-day program group) (Table 1).
CONCLUSION
This study evaluated, for the first time, the impact of
spa treatment programmes on the human body. Simple
laboratory calculation indices for evaluation of changes in
the human body have been selected and tested. The results
of the study confirm the effect of the performed treatment
on a decrease in the intoxication and inflammation
levels, total cholesterol level reduction and reduction
of hepatic insulin resistance. Indirect confirmation of
certain provisions of J.M. Lewin's concept (management
of lymphatic tissues through complex spa treatment) have
been received. A stage-like pattern of the dynamics of
the measured values after performing the detoxification
treatment complex has been identified: clear positive
tendencies are formed starting from the 10th day. Such
scenarios can be used to interpret laboratory data obtained
from patients during and after the programme, to select
additional therapies to support a patient during and after
the programme.
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The prognostic value of these indices, their
interaction with the treatment effect and correlation
with the prognosis of the inflammatory, traumatic and
paraneoplastic processes were dealt with in a number of
studies [10, 11, 18-22]. At the same time, the reference
range given for the indices differs in a variety of sources.
Therefore, the dynamics of the values of these indices were
evaluated in every individual patient.
An increase in the values of the 2nd and 3rd index of
intoxication by the end of the 7-day program, with a trend
towards their further decrease in the 10-day program
and the 14-day program is interpreted as a transient
intensification of inflammatory and intoxication processes
by the end of the first week due to increased lymphatic
drainage of the metabolites from the body tissues. It
is enabled by the choleretic and cleansing procedures,
fasting (resulting in the elimination of the opportunistic
flora), herbal infusions for promoting lymphatic drainage,
body wraps and thermal procedures in order to enhance
the detoxification function of the skin and by other
methods. Subsequently, there is elimination of endotoxins
and followed by the improvement of the values of indices
reflecting the reduction of intoxication below the baseline
in patients. It is confirmed by an increment in ESR and
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1,34 (1,345)

4,43 (0,4)

26,82 (11.19)

0,34 (0,25)

1,02 (0,24)

0,34 (0,24)

3,0 (4,75)

5,91 (1,43)

HOMA index

TyG index

METS-IR index

Kalf-Kalif intoxication index

Reis intoxication index

Intoxication indicator

ESR, mm/hour

WBC count, *10^9/l

6,22 (1.89)

5,0 (5.75)

0,32 (0,66)

1,01 (0,29)

0,32 (0,67)

26,91 (10.18)

4,44 (0,28)

0,7 (1.12)

5,16 (1,33)

Departure

+8,63%

+50,00%

+16,08%

-8,22%

+12,66%

+0,30%

-1,77%

-60,21%

-0,24%

Dynamics

5,5 (2,12)

6 (6,5)

0,4 (0,46)

1,47 (0,64)

0,41 (0,37)

27,57 (7,93)

8,23 (0,69)

1,34 (1,19)

5,36 (1,7)

Apparture

5,39 (1,44)

5 (4,25)

0,34 (0,48)

0,98 (0,69)

0,34 (0,48)

29,7 (6,74)

8,15 (0,5)

1,12 (0,44)

4,9 (1,14)

Departure

+4,38%

+25,00%

-26,23%

-23,63%

-11,48%

+4,00%

-0,11%

-19,60%

-11,94%

Dynamics

Group “Detox-10”, n=13

6,24 (2.03)

8,5 (9.25)

0,39 (0,4)

1,09 (0,54)

0,36 (0,4)

2,14 (2.22)

5,48 (0.98)

Apparture

5,65 (2.02)

8,0 (9.0)

0,25 (0,31)

0,88 (0,39)

0,25 (0,31)

Was not evaluated

Was not evaluated

2,08 (1.69)

4,97 (1.18)

Departure

Group “Detox-14”, n=54
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Note: The table presents the median averages for each group of the measures at the arrival and before the check-out (the interquartile range of the values is shown in the parentheses)

5,36 (1,11)

Total cholesterol, mmol/l

Apparture

Group “Detox-7”, n=22

Table 1. Dynamics of the index values in the patient groups

-10,62%

-15,04%

-29,92%

-26,91%

-29,92%

-15,48%

-10,43%

Dynamics
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ABSTRACT
INTRODUCTION. Peroneal tendons pathology is an underestimated cause of pain in the lateral part of the foot in athletes, which is
difficult to distinguish from lateral ankle ligament injuries. As a result, the athlete's training and participation in competitions may
be restricted for a long time. Platelet-rich plasma (PRP) injections have been suggested as a promising method for the treatment of
peroneal tendinopathy.
AIM. To evaluate the effectiveness of the use of PRP in the complex rehabilitation of athletes with peroneal tendinopathy by comparing
the time to return to play (RTP) and the evaluation of pain symptoms. To develop a model for pain evaluation and physical activity
dosingin athletes with this pathology, in order to objectify the transition from one rehabilitation stage to another.
MATERIAL AND METHODS. This prospective, non-randomised study analyzed the treatment outcomes of 60 male patients, aged
21.0±1.4 years with peroneal tendinopathy. Depending on the treatment, two groups of patients were identified. Group I (30 athletes),
in addition to complex rehabilitation (physiotherapy and physical therapy), had percutaneous PRP injections under the ultrasound
guidance. Group II (30 athletes) received only physiotherapy and exercise therapy.
RESULTS AND DISCUSSION. A statistically significant difference in pain symptoms between the groups was observed starting from
the 28th day of treatment. The average time for the athletes in group I to return to regular training activities was on average 10 days
shorter than for those in group II (p<0.001).
CONCLUSION. The use of PRP, in the rehabilitation of athletes with peroneal tendinopathy is more effective than a comprehensive
programme. The developed model of pain evaluation makes it possible to determine the degree of physical activity at various stages of
the rehabilitation process, as well as to adequately estimate readiness to RTP.
KEYWORDS: sports injury, ankle joint, tendonitis, tendinopathy, peroneal tendons, platelet-rich plasma, rehabilitation
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Эффективность использования тромбоцитарно-обогащенной
плазмы в реабилитации спортсменов с перонеальной
тендинопатией: проспективное нерандомизированное
исследование 60 пациентов
Первый Московский государственный медицинский университет им. И.М. Сеченова Минздрава России, Москва,
Россия
2
Национальный медицинский исследовательский центр травматологии и ортопедии им. Р.Р. Вредена Минздрава
России, Санкт-Петербург, Россия
1

РЕЗЮМЕ
ВВЕДЕНИЕ. Патология малоберцовых сухожилий является недооцененной причиной боли в латеральной части стопы у спортсменов, которую трудно отличить от повреждений латеральных связок голеностопного сустава. В связи с этим, соревновательный процесс спортсмена может быть ограничен в течение длительного времени. Было высказано предположение, что инъекции
обогащённой тромбоцитами плазмы являются перспективным методом лечения тендинопатии.
ЦЕЛЬ. Оценить эффективность использования обогащённой тромбоцитами плазмы в комплексной реабилитации спортсменов
с тендинопатией малоберцовых сухожилий при помощи сравнения сроков начала регулярной тренировочной деятельности
и оценки болевой симптоматики. Разработать модель оценки боли и дозирования физической нагрузки у спортсменов при данной патологии, с целью объективизации перехода от одного реабилитационного этапа к другому.
МАТЕРИАЛ И МЕТОДЫ. В данном проспективном нерандомизированном исследовании проанализированы результаты лечения 60 пациентов, мужчин в возрасте 21,0±1,4 года, с тендинопатией малоберцовых сухожилий. В зависимости от тактики лечения были выделены две группы. В I группе (30 спортсменов), помимо комплексной реабилитации (физиотерапия и лечебная
физкультура), применялись паратенониальные инъекции обогащённой тромбоцитами плазмы под контролем УЗИ. II группе
пациентов (30 спортсменов) назначали только физиотерапию и лечебную физкультуру.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Статистически значимую разницу между показателями болевой симптоматики между группами
наблюдали, начиная с 28-ого дня лечения. Среднее время возвращения спортсменов I группы к регулярной тренировочной
деятельности было в среднем на 10 дней короче, чем у спортсменов II группы (p<0,001).
ЗАКЛЮЧЕНИЕ. Использование обогащённой тромбоцитами плазмы в реабилитации спортсменов с тендинопатией малоберцовых сухожилий более эффективно по сравнению с комплексной программой. Разработанная модель оценки боли позволяет
определить степень физической нагрузки на различных этапах реабилитационного процесса, а также адекватно оценить готовность к регулярной тренировочной деятельности.
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INTRODUCTION
The ankle joint is one of the most common injuries in athletes. In clinical practice, injuries of the lateral ankle are diagnosed as damage to the talo-fibular (anterior et posterior)
and calcaneo-fibular ligaments, often ignoring the pathology of the peroneal tendons [1,2]. In a study conducted by
Dombek et al., only 60% (24 out of 40) of peroneal tendon
disorders were diagnosed at the first clinical examination
[3]. Research papers have not yet sufficiently addressed the
pathology of the peroneal tendons [4]. There are critical avascular areas in the peroneal tendons that impair blood supply
and metabolism in the tendon [5]. And, when combined with
overuse, it leads to the development of tendinopathy. In case
of incorrect treatment and rehabilitation tactics, this can lead
to reinjury. For this reason, the athlete cannot participate in
training and competitions for a long time [6, 7].
In sports medicine and traumatology, the use of
(PRP) is rapidly gaining popularity in the treatment of
Dissertation Orbit

tendinopathy of various localization. Growth factors contained in platelets (PDGF), transforming growth factor
beta (TGF-β), vascular endothelial growth factor (VEGF)
and epithelial growth factor (EGF) play an important role
in tissue regeneration, promoting mitogenesis and angiogenesis in the damaged area. PRP contains adhesion molecules (fibrin, fibronectin and vitronectin) that promote
the regeneration of tenocytes [8]. Calcium-activated PRP
increases the synthesis of decorin activating the fibrillogenesis of type II collagen fibers. [9,10]. The anabolic effect
of PRP is closely related to stimulating the production of
TGF-β, a catabolic cytokine that reduces the expression of
the type I collagen gene, contributing to accelerated recovery [11,12].
Currently, there is a limited number of high-quality
clinical studies devoted to the treatment of tendinopathy. According to the results of a meta-analysis by Liddle
et al., there was no significant difference in recovery time
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in the treatment of patellar tendinopathy with PRP compared with the control group [13]. According to the studies
of Barman A. et al. and Maffulli N. et al. the use of PRP in the
treatment of calcaneal tendinopathy does not lead to an
improvement in VISA-A and ultrasound criteria after a year
of follow-up compared with the control group [14,15]
The U.S. Department of Health estimates that approximately 86,000 athletes undergo PRP treatment annually
[17]. Despite the growing popularity of the method its true
effectiveness is not fully established. This becomes an even
more serious problem because the cost of PRP treatment
is relatively high. Given the contradictory data and the
high cost of treatment, it is crucial to find a more accurate
answer regarding its effectiveness [16].
Adequate and objective evaluation of pain in athletes is
an important aspect in the rehabilitation process. Pain symptoms evaluation is most often carried out with the help of
subjective sensations based on the developed generally
accepted NRS and VAS scales. While their main disadvantage
is the assessment of pain at rest or with a normal patient load,
which is not an indicator of positive dynamics of recovery for
athletes, and much less recovery, since a limiting pain may
appear already during or after a certain sport activity [17].
AIM
To evaluate the effectiveness of the use of PRP in
the complex rehabilitation of athletes with peroneal
tendinopathy.
MATERIAL AND METHODS
The study was conducted at the Clinic of sports
medicine "Locomed" (Russia, Moscow) from 2016 to 2021.

The study involved 60 patients (46 runners, 14 football
players). All the patients were male. The average age was
21.0±1.4 years, diagnosed with peroneal tendinopathy,
verified on the basis of complaints, the mechanism of
injury, anamnesis and ultrasound (US) examination.
In group I (30 athletes), in addition to the complex
therapy (physiotherapy and exercise therapy), PRP was
used (two peritendinous injections under US guidance,
with an interval of 7 days). The II group of patients (30
athletes) was prescribed only the complex therapy.
The complex rehabilitation consisted of four stages.
Stage I – anti-inflammatory, which included compression
cryotherapy (in the first 3 days after the injury, 3 times
a day for 20 minutes), starting from day 5 after the
injury, a magnetic therapy was prescribed according to
the “Tendinitis” program (10 procedures, daily, 1 time
a day) and electromyostimulation according to the
“Capillarization” program (10 procedures, daily, 1 time
per day) of peroneus longus et brevis muscles. At this
stage, a therapeutic exercise therapy was used, aimed to
increase the range of motion (ROM) in the ankle joint, to
improve the trophic tendons and microcirculation in the
tissues. Stage II – recovery, the main exercises were aimed
to improve a proprioception in the ankle joint, as well as
to restore the muscle strength and tolerance to physical
exertion. Stage III – preparation for re, speed-strength,
difficult coordination and plyometric exercises were used,
as well as running load was commenced.
Group I patients, in addition to the described complex
of therapeutic and rehabilitation measures, were
prescribed two peritendinousinjections under ultrasound
control on the 1st and 7th day of observation (Fig. 1).

Fig. 1. Injection of PRP into the peroneus brevis tendon under the ultrasound guidance
PRP was obtained according to the method
recommended by the manufacturer of the centrifuge
PRGF-Endoret (BTI Biotechnology Institute UK Ltd,
Colchester, England). The skin in the injection area was
cleaned three times with an antiseptic agent and then
a sterile gel for US guidance was applied. To provide US
navigation, a Mindray 7 diagnostic system with a 7.5 MHz
linear sensor was used, which was installed in the sagittal
plane of the tendon. The injection was performed with
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a 22G needle under parathenon, an aseptic and pressure
bandage was applied. Then a compression cryotherapy
was performed for 20 minutes. Next, the patient was
instructed to minimize the weigh bearing for 24 hours.
In order to objectify the control of pain symptoms and
optimal dosing of physical activity at various stages of the
rehabilitation process, the model "Monitoring of pain and
dosing of physical activity with injuries of the peroneal
tendons in athletes" was proposed (Fig. 2).
ДИССЕРТАЦИОННАЯ ОРБИТА
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Physical activity

Scores

Medium

High

During exercises NRS

0–3

3–6

6 – 10

After exercises (24 hours) NRS

0–3

3–6

6 – 10

During exercises BORG
(CR-10)

0–3

3–6

6 – 10

Optimal loading

RTP

Physical rehabilitation

Load reduction

Fig 2. The model "Monitoring of pain and dosing of physical activity with peroneal tendinopathy in athletes"
Pain analysis was performed using a modified NRS on
the day of the patient’s examination, during the exercise
session and within 24 hours after it. The control of pain

symptoms was carried out starting from the day of
diagnosis verification and then with an interval of 1 week
to 8 weeks inclusively (Fig. 3).

Fig. 3. A modified numeric rating scale with stratification zones during the rehabilitation process in athletes
For evaluation load level during exercises session and
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Slight

before RTP, the Borg rating of perceived exertion (CR-10)
was used (Fig. 4).

Scores

Level of exertion

0

No Exertion

1

Very Slight

2

Slight

3

Moderate

4
5

Severe

6
7

Very severe

8
9

Very very severe

10

Maximal

Fig. 4. Borg's scale (CR-10)
A statistical analysis of the results was carried out using
the SPSS program for Windows (version 22), as well as the
Excel program.
RESULTS AND DISCUSSION
To compare the effectiveness of the complex
rehabilitation programs of groups I and II of this study, the
model "Monitoring of pain and dosing of physical activity
in athletes with injuries of the peroneal tendons" was used.
Before the treatment, there was no statistically
significant difference between the indicators in both
groups (group I 7.07±0.78 points, group II 6.73±0.69)
(p>0.05). Whereas on the 7th (group I 5.97±1.16 points,
group II 5.47±1.14), 14th day (group I 5.87±1.14 points,
group II 5.2±1.2) and 21st day of the treatment 1) there
was a significant difference in scores in the absence of
Dissertation Orbit

pain (p>0.05), then from the 28th day of the treatment
(group I 3.1±0.66 points, group II 4.33±1.09), there was
a significant decrease in scores according to the pain
pattern (p<0.05). At this stage, group I patients, who
reached the score of 3 points or less, according to the
developed model, were able to start regular training
activities. On the 35th day, there was a significant decrease
in pain symptoms (group I 1.67±0.92 points, group II
3.53±0.9). At this stage, group I patients, who reached the
score of 3 points or less, according to the developed model,
were able to start regular training activities. On the 42nd
day, the score for group I were 1.03±0.61 points, for group
II 2.97±0.56 (p<0.05). On the 49th day, the score for group
I were 0.93±0.87 points, for group II 2.1±0.48 (p<0.05). The
dynamics of pain symptoms is shown in Figure 5.
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±0,64

3,10
±0,66
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Fig. 5. The results of the assessment of pain symptoms using the model "Monitoring of pain and dosing of physical activity in
athletes with peroneal tendinopathy"
The patients of both groups, who took part in the study
completed the treatment and rehabilitation activities in
accordance with the proposed protocol and began to
return to training. The use of PRP injections in the complex
rehabilitation of the athletes with peroneal tendinopathy
helped to reduce the time for the athletes to return to
play. Thus, the average time for athletes to RTP in group

I, where 2 peritendinous injections of PRP were used, was
32.0±2.0 days (min – 28 days, max. – 35 days), which was
less than the average period of RTP in the control group II
(without the use of PRP), which was 42±4 days (min. – 35
days, max. – 49 days).
The duration of the treatment in group I was
significantly less than in group II (p<0.001) (fig. 6).
Group I

Group II

Average value (days)

32±2

42±4

Average value (days)

28

35

Average value (days)

35

49

p

p<0,001

Fig. 6. The timing of returning to play
The results of our study coincided with the study of
Dallaudiere et al. (2014), where we observed a significant
improvement in pain symptoms on a VAS and the
functional state of the ankle joint on a WOMAC scale at the
end of week 6 after performing a single injection of PRP US
guidance [19].
In the study of Unlu et al. the pain scores for VAS
at the end of 6 weeks after injection did not have
a significant difference compared to the indicators
before the start of treatment [18]. However, in this
study, PRP injections were used as monotherapy,
unlike this study, where PRP injections were used as
part of a complex therapy of exercise therapy and

physiotherapy treatments, which probably affected the
difference in pain scores.
CONCLUSION
The use of PRP in a complex treatment program for
athletes with peroneal tendon tendinopathy has reduced
the time to RTP. Further studies are recommended to
determine the effect of PRP on the number of relapses in
the long term.
The developed model of pain assessment made it
possible to objectify pain symptoms and optimal dose
physical activity throughout the rehabilitation process, as
well as minimize the risk of reinjury at the stage of RTP.
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Features of Biomechanics and Rehabilitation of the Shoulder Joint
after Reverse Arthroplasty: а Review
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ABSTRACT
Reverse shoulder arthroplasty is one of the methods used to treat shoulder joint diseases. The indications for this type of surgery are
as follows: clinically expressed arthrosis, including defect arthropathy, rheumatoid arthritis, fracture–dislocation and fractures of the
humeral head, oncopathology of the shoulder joint, avascular necrosis, massive rotator cuff tear and dysfunction of the previously
installed prosthesis. To date, various models of reverse endoprostheses based on the principles of P. Grammont are used in clinical
practice. Shoulder joint arthroplasty is now being used more and more frequently worldwide. The number of shoulder joint replacement
surgeries is expected to increase by more than 200% by 2025. One of the features of reverse arthroplasty is the change of the polarity
of the articular surfaces. The design of the prosthetic implant significantly changes the biomechanics of the shoulder joint. Different
variations of the design parameters affect the functioning of the joint. In order to achieve optimal volume of movement, it is necessary
to carefully select the following characteristics of the implant: the diameter of the glenoidal sphere, the displacement of the scapular
component, the displacement of the rotation center and the change in the angle of inclination of the neck of the shoulder component.
Understanding the biomechanical features of the shoulder joint after reverse endoprosthetics makes it possible to determine the
optimal approach to the rehabilitation treatment of patients after surgery. The main goals of rehabilitation after reverse arthroplasty
are: pain minimization and ensuring the healing of postoperative wounds, prevention of postoperative complications (dislocations and
periprosthetic fractures), gradual progress of the shoulder motion range, increasing the strength and endurance of the muscles of the
shoulder girdle, especially the deltoid muscle. Despite the existence of standard protocols, there are differences in many issues related
to postoperative management of patients. This topic needs further development.
KEYWORDS: reverse shoulder arthroplasty, glenosphere, humeral component, defect arthropathy, shoulder joint, biomechanics,
rehabilitation, physiotherapy, muscle strength, muscle endurance, range of motion
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Особенности биомеханики и реабилитации плечевого сустава
после реверсивного эндопротезирования: обзор
Чугреев И.А.*, Фесюн А.Д., Рожкова Е.А.
Национальный медицинский исследовательский центр реабилитации и курортологии, Москва, Россия

РЕЗЮМЕ
Реверсивное эндопротезирование является одним из методов хирургического лечения заболеваний плечевого сустава. Показаниями для проведения данного вида операции являются: клинически выраженный артроз, в том числе дефект артропатия,
ревматоидный артрит, многофрагментарный перелом и переломовывих головки плечевой кости, онкопатология плечевого
сустава, аваскулярный некроз, массивный разрыв вращательной манжеты и дисфункция ранее установленного протеза. На
сегодняшний день в клинической практике применяют различные модели реверсивных эндопротезов, основанных на принципах P. Grammont. Наблюдается рост частоты проведения реверсивной артропластики плечевого сустава во всем мире. Ожидается увеличение количества операций эндопротезирования плечевого сустава к 2025 г. более, чем на 200%. Особенностью
реверсивного протеза является смена полярности суставных поверхностей. Конструкция протезного импланта вносит существенные изменения в биомеханику плечевого сустава. Различные вариации параметров конструкции оказывают влияние на
функционирование сустава, поэтому для достижения оптимального объема движения необходим тщательный подбор таких
характеристик, как: диаметр гленоидальной сферы, смещение лопаточного компонента, смещение центра ротации и изменение
угла наклона шейки плечевого компонента. Понимание биомеханических особенностей плечевого сустава после реверсивного
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эндопротезирования позволяет определить оптимальный подход к восстановительному лечению пациентов после операции.
Главными целями реабилитации после реверсивного эндопротезирования являются: обезболивание и обеспечение заживления послеоперационных ран, профилактика послеоперационных осложнений (вывихи и перипротезные переломы), разработка
объема движений в суставе, увеличение силы и выносливости мышц плечевого пояса, в особенности дельтовидной мышцы.
Несмотря на наличие стандартных протоколов, существуют разногласия во многих вопросах послеоперационного ведения
пациентов. Данная тема нуждается в дальнейшей разработке.

Статья получена: 26.08.2022
Поступила после рецензирования: 24.09.2022
Статья принята к печати: 10.10.2022

INTRODUCTION
Reverse shoulder replacement (arthroplasty) is the
gold standard for the final stage of arthritis, including
arthritis caused by massive tears of the rotator cuff of the
shoulder (defect arthropathy) and rheumatoid arthritis,
multifragmentary fractures and fracture–dislocation of
the humeral head, oncopathologies of the shoulder joint,
avascular necrosis and massive tears of the rotator cuff
without arthritis, and in cases of unsuccessful arthroplasty
with an anatomical prosthesis [1-7].
The first generation of Delta reversible prostheses
based on the concept of medialization and reduction
of the center of rotation proposed by P. Grammont and
E. Baulot was introduced into clinical practice in 1987
and described in detail in 1993 [8, 9]. Since 1994, a new
generation of endoprostheses (Delta III), has been in
place and is the most widespread in the world. It is still
considered the "gold standard" of reversible arthroplasty
and is the prototype for the development of all subsequent
reversible systems. Currently, various models of reversible
endoprostheses based on the principles of P. Grammont
are used in the clinical practice. The absence of motion
range limitation and preservation of joint stability are
important conditions. For this reason, the designs of the
different endoprostheses provide a balance between the
various parameters that increase motion range and joint
stability. There are at least 29 designs that differ in these
parameters [10, 11].
In November 2003, the Food and Drug Administration
(FDA) approved reverse arthroplasty in the United States
[12]. Between 2011 and 2017, the rate of reverse shoulder
arthroplasty increased by 191.3%, and from 2017 to 2025,
the number of shoulder arthroplasties per year is predicted
to increase by ~235% [13].
Reverse prostheses include two components: a humeral
component and a scapular (glenoid) component. However,
in contrast to the normal anatomy of the shoulder joint, the
scapular component in this prosthesis is a sphere and the
humeral head is replaced by an articular cup [14]. For this
reason, this type of prosthesis is referred to as a reverse
prosthesis.
The scapular component of the endoprosthesis is
a spherical surface fixed in the bone tissue with a central
screw of the glenoidal sphere holder and four lateral
screws directed sideways at an angle of 10º relatively to the
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central screw. The humeral component is represented by
a cup fixed on a stem inside the diaphysis of the humerus
[15].
Per forming reversible arthroplasty introduces
significant changes in the biomechanics of the shoulder
girdle. A number of researchers note a decrease in muscle
strength of the shoulder girdle after arthroplasty: reduction
of deltoid muscle strength by ~30% and insufficiency of
internal and external rotation of the shoulder joint [1618]. This necessitates rehabilitation measures to restore
the shoulder joint function, with the recovery depending
largely on the implant design [19-21].
However, currently, there is no common approach
to the rehabilitation of patients after reverse shoulder
arthroplasty.
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Influence of endoprosthesis design on shoulder
biomechanics
Considering the influence of reverse shoulder
endoprosthesis design, it should be noted that an increase
in the range of motion in the joint is influenced by: an
increase in the diameter of the glenoid sphere, eccentric
displacement of the scapular component, lateralization
of the rotation center and a decrease in the angle of the
neck of the humeral component [11, 19, 22-25]. The
so-called semi-constrained prosthesis principle has been
proposed to increase the range of motion even further.
This principle consists in increasing the relative diameter
of the glenosphere relatively to the cup of the humeral
component. The surface area of the humeral component
covers less than half of the hemisphere of the glenoid
component.
The so-called scapular notching syndrome (bone tissue
erosion due to collision with endoprosthesis components)
is a factor leading to the limitation of the range of motion
[25, 26].
Since the range of motion in the joint is maximally
preserved and the function of the rotator cuff muscles is
lost due to a trauma or surgery, the risk of dislocation of
the joint increases. The stabilization of the shoulder joint
is affected by prosthetic parameters, such as an increase
in glenoid diameter, medialization of the center of rotation
and an increase in the size of the cup of the shoulder
component [22, 24, 25].
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The latest generation of reverse systems is based on the
following principles proposed by P. Grammont:
- Medialization of the center of rotation in relation to
a normal joint;
- Increasing the role of the deltoid muscle in shoulder
joint movement;
- Stabilization of the endoprosthesis components in the
bone tissue;
- Increasing of the scapular component diameter
relatively to the humeral component to provide greater
articular mobility.
In contrast to the normal shoulder joint, where the
rotation center is predominantly in the region of the
humeral head, after reverse shoulder arthroplasty the
rotation center is medialized and located in the region of
the scapular component within the entire range of motion,
regardless of the plane. [27]. This feature positively affects
the stability of the joint by increasing the pressing force of
the humerus cup against the scapular hemisphere due to
the tension of the deltoid muscle.
The deltoid muscle fibers start from the spine of the
scapula, acromion and distal part of the clavicle, pass
through the humerus head, and are attached to the deltoid
tuberosity. Thus, the projection of the rotation center of the
normal shoulder joint is in the region of the deltoid muscle
center. Therefore, the three deltoid muscle bundles are
involved in different movements: abduction, adduction,
flexion, extension, and rotation [27].
In contrast to the anatomy of the normal shoulder joint
after reverse arthroplasty, all bundles of the deltoid muscle
are located above the center of rotation. The efficiency of
this muscle during abduction increases. This compensates
for the function of shoulder abduction initiation provided
by the supraspinatus. In all other movements, however, the
role of this muscle decreases. [28].
In reverse endoprosthetics, the humeral head is
removed, so the deltoid muscle fibers are stretched from
the acromion to the deltoid tuberosity directly. Due to
the relative extension of the humerus, the tension of
the deltoid muscle increases even more, which leads to
an increase in compressive forces directed towards the
scapular component of the endoprosthesis. Thus the
stabilization of the shoulder joint is ensured.
The structure of the prosthesis components is
specifically designed to maximize fixation in the bone
tissue. The scapular component, which is particularly
sensitive to possible misalignment, is fixed in position
by a central screw and four screws pointed in different
directions at an angle of 10° from the central screw. This
way it is firmly fixed in the scapular bone. The humeral
component is less prone to displacement force. That is why
fixation by means of a wide stem inside the diaphysis of the
humerus is sufficient.
In reverse arthroplasty, the force vectors acting on the
shoulder joint change. When considering these forces, two
dominant directions are identified: the compressive force
and the shear force. These forces are formed due to the
tension of the deltoid muscle [25].
Due to the shear force, the articular surfaces slide
against each other without rotation, which increases the

risk of dislocation and destabilization of endoprosthesis
components in the bone tissue. In contrast, compressive
forces stabilize the articular components in the bone tissue
and the joint as a whole. The compressive and shear forces
in reverse arthroplasty reach their maximum at 60º-70º of
abduction or more, whereas in a normal shoulder these
forces are maximal at 90º [19].
The more the articular pair is shifted medially, the more
pronounced is the compressive force of the deltoid muscle.
Thus, medialization of the rotation center increases the
stability of the endoprosthesis components in the bone
tissue [25].
Another significant factor influencing the stabilization
of the implant in the bone is the initial density of the
bone tissue. This factor is important for the patients with
osteoporosis [19].
Subscapularis repair
The function of the shoulder joint is influenced
by the subscapularis, so it is important whether the
muscle was repaired during reverse arthroplasty or not.
Vourazeris J. et al. compared groups of patients with and
without recovery of the scapular muscle after the reverse
arthroplasty and found no significant differences in range
of motion (external rotation 24° and 26°, respectively)
in the shoulder joint, as well as muscle strength and
frequency of postoperative complications. No differences
were found in the upper limb functional scores according
to scale questionnaires (ASES, SPADI, UCLE, Constant)
[29]. However, shoulder internal rotation scores improved
significantly in patient groups with restored subscapularis
[30-31]. A newer study confirms the positive effect of
subscapularis repair on the upper limb functional activity
according to Constant score [31].
Role of the scapula in shoulder movement
Proper scapular movement is important for the
normal functioning of a healthy shoulder [32]. But, with
total endoprosthetics, its role increases. Joelly Mahnic
de Toledo et al. [33] showed that with the same range of
motion, patients after shoulder arthroplasty will have more
expressed scapular movements, compensating for the loss
of shoulder joint (prosthesis) motion even at low angles
(i.e., up to 90° of abduction). In addition, the scapular
kinematics of patients with shoulder arthroplasty are also
affected by additional resistance (1 kg dumbbell or elastic
band resistance). For this reason, patients are expected to
demonstrate more expressed scapular functioning during
arm movements with both types of load.
Electromyographic analysis showed that the shoulder
girdle with reverse endoprosthesis has more expressed
muscle activation of the deltoid and trapezius muscles
compared to a healthy joint. It is worth noting that this
excessive muscle activation is not normal, and, ultimately,
muscle functioning efficiency is decreased [34].
Understanding the biomechanical features of the
shoulder joint after reverse arthroplasty makes it possible
to reduce the probability of complications, increase the
efficiency of muscle adaptation to loads, stabilize the
joint, and determine the optimal approach to the recovery
treatment of patients after surgery [35].

ДИССЕРТАЦИОННАЯ ОРБИТА

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962

Dissertation Orbit

pendulums and seated flexion table slides (using a table
or a couch). Also, at this stage it is mandatory to perform
isometric exercises for the deltoid muscle.
From the fourth to sixth week, active movements of
the shoulder girdle are taught and passive movements
in the shoulder joint begin to progress (angle of passive
motions is gradually increased). Patients begin gradual
initiation of periscapular muscle activation. At this stage
the shoulder joint exercises include shoulder supine
flexion. It is recommended to gradually expand the range
of active movements by means of the so-called active
assistive exercises. The Edwards P. et al. study compared the
effectiveness of delayed (standard rehabilitation protocol)
and early rehabilitation of patients. The inclusion of active
assistive and isometric exercises in the rehabilitation
program from the second week (rather than the fourth to
sixth week) resulted in an improvement in active shoulder
flexion by the third month. However, no significant
differences were found in clinical outcomes compared
with patients, who underwent delayed rehabilitation.
Nevertheless, rehabilitation with early activation of the
shoulder joint is safe and has advantages over the delayed
program, accelerating the recovery process [51].
During the second stage of rehabilitation (the late
postoperative stage) patients stop using immobilizers
and continue to progress the range of active motion in
the shoulder joint in all planes. Patients are encouraged
to actively use the operated arm in everyday life. Also, at
this stage a gradual increase in the passive motion range of
internal rotation in the scapular plane begins. In standard
protocols, this stage begins approximately from the sixth
to seventh week after surgery.
At the same time, Lee J. et al. and Edwards P. et al. found
that it is effective for patients to start early (24-48 hours
after surgery) initiation of shoulder joint motion range
progress and to stop wearing a restrictive bandage. This
is effective for rapid recovery of shoulder joint function
and prevention of such postoperative complications
as traumatic periprosthetic fractures of bones caused
by an unwanted fall and dislocation of endoprosthesis.
The absence of an orthosis helps patients to maintain
balance (this is especially true for the elderly), and also
increases proprioception of the operated joint. [20, 51].
This approach correlates with the principles outlined in the
ERAS protocols, one of the key components of which is the
early activation of patients.
From the ninth week onward, patients proceed to
the third stage – the training stage. At this stage it is
recommended to start muscle strengthening exercises
with the help of additional resistance (elastic bands,
dumbbells, training machines, mechanotherapy
complexes). Special attention should be paid to the deltoid
muscle. As mentioned above, this muscle plays a special
role not only in providing active movements in the
shoulder, but also in stabilizing the articular endoprothesis
components in the bone tissue and relatively to each
other. Despite the differences in data from various studies,
there is no doubt about the importance of recovering the
strength of the shoulder muscle apparatus after the reverse
arthroplasty. Moreover, a number of studies have shown
that the limitation of motion range in the shoulder joint
is caused by weakness of the musculature. Brett P Wiater
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Modern rehabilitation methods
Enhanced Recovery after Surgery (ERAS), a protocol
that involves the use of multidisciplinary, comprehensive
programs to improve the recovery outcomes of patients,
has been increasingly used recently. The main goal of
ERAS is to provide a faster and more effective recovery
of patients using methods approved by evidence-based
medicine [36].
According to several rehabilitation protocols, the
most important concepts of postoperative management
of patients with reverse endoprosthesis are: pain
management and ensuring healing of postoperative
wounds, prevention of postoperative complications
(dislocations and periprosthetic fractures), development
of range of motion, increasing strength and endurance of
shoulder girdle muscles, especially the deltoid muscle. In
clinical practice, these protocols are considered standard
[37-43].
Rehabilitation after reverse shoulder arthroplasty
can be divided into several stages. The first (early
postoperative) stage lasts from three to six weeks after
the surgery. During this period, the main goals are to
reduce swelling and pain, maintain movement in the wrist
and elbow joints, gradually begin passive movements
in the shoulder joint, prevent atrophy and atony of the
shoulder girdle muscles and prevent early postoperative
complications. One of the frequent early postoperative
complications after reverse arthroplasty is prosthetic
dislocation, which, according to various estimates, occurs
in 0.7-8.3% of cases [44, 45]. Endoprosthetic dislocations
occur on average eight weeks after the surgery. Risk factors
for this complication include male gender, fracture of the
proximal humerus as an indication for reverse arthroplasty,
and a anamnesis of prior open shoulder surgery [46]. Other
risk factors have also been noted: insufficient soft tissue
tension (muscle atony or hypotension) and heterotopic
ossification [47]. Removal of the scapular muscle
independently led to prosthesis instability. The authors
point to the need for careful monitoring and prevention
of postoperative dislocation of the shoulder joint. It is
important to avoid rotation and extension of the shoulder
joint (putting the arm behind the lower back), as this can
lead to dislocation.
The first stage involves resting the operated joint and
relieving pain syndrome. Immobilization of the shoulder
joint using bandages of different types and designs is used
to provide rest. There are 3 main types of immobilizers:
the simple sling [48], the shoulder immobilizer [49],
the abduction sling [50]. The immobilization lasts for
up to three weeks (or six weeks in the case of revision
arthroplasty). After this period the bandage is gradually
removed. The arm is fixed primarily during sleep and is
released for exercise (passive movements) or for hygienic
procedures. Currently, there are disagreements as to the
choice of design and time of shoulder immobilization [21].
In reverse arthroplasty, the recovery of motion range
begins during the first week. At all stages, movement
development is carried out within the pain-free range of
motion. Mechanotherapy is one of the main methods of
physical rehabilitation for the development of passive
movement in the shoulder joint [50]. From about the third
week, patients begin to perform exercises on their own:
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et al. emphasized the importance of the deltoid muscle
function, reporting that patients with greater volume of
this muscle and less fat infiltration had better functional
results and strength after reverse arthroplasty [16, 52, 53].
The special features of the shoulder joint biomechanics
related to the significant contribution of the scapula to the
shoulder joint range of motion emphasizes the importance
of recovering the periscapular muscle strength and
coordination in this muscle group [32].
The data on the outcomes of rehabilitation after reverse
shoulder arthroplasty are currently very disparate. The
effectiveness of the standard course of rehabilitation has
been presented in a few studies [17, 20, 40, 42, 51, 54]. For
example, an increase in the shoulder joint range of motion
after a standard course of rehabilitation has been reported
[17, 20, 40, 42, 51, 54]. However, Pereira V. et al. indicated
a deterioration in such parameters as internal rotation,
extension and adduction in the shoulder joint [17].
There was a decrease in pain syndrome [17, 20, 40,
51] and an increase in muscle strength of the shoulder
joint [51]. At the same time, Uschok S. et al. observed no
significant improvement of these parameters [54].
Also, according to the researchers reports, the patients
noted the improvement of shoulder joint function after
the course of the rehabilitation treatment according to the
questionnaires such as DASH, Constant score, ASES, UCLA,
etc. [17, 20, 40, 42, 51, 54].

Reverse arthroplasty is used for various shoulder
joint diseases: primary osteoarthritis, defect arthropathy,
massive tears of the rotator cuff, rheumatoid arthritis and
dysfunction of a previously mounted prosthesis. Romano
A. et al. showed the effectiveness of the standard course
of rehabilitation for patients with these diseases. However,
in case with rheumatoid arthritis and revision arthroplasty,
the recovery of shoulder function (range of motion and
Constant score) was significantly worse than in other
diseases: the motion range and Constant score were lower
[40].
Despite the availability of standard protocols, there are
disagreements in many issues of patients’ postoperative
management, including the timing of the initiation
of various rehabilitation measures [55]. The course of
rehabilitation treatment should be chosen individually.
CONCLUSION
Shoulder arthroplasty significantly improves the quality
of life of patients who have been limited in performing
certain daily tasks due to shoulder pathology. Despite
the relatively extensive experience with reverse shoulder
arthroplasty, the information about shoulder rehabilitation
after reverse arthroplasty is significantly limited and
disparate. This necessitates further development of new
approaches to the rehabilitation of patients who have
undergone reverse shoulder arthroplasty.

ADDITIONAL INFORMATION
Information about the authors:
Ivan A. Chugreev, Lecturer of the Department of Rehabilitation Medicine, Physical Therapy and Medical Rehabilitation, National Medical Research Center of Rehabilitation and Balneology.
E-mail: chugreevivan@gmail.com, ORCID ID: http://orcid.org/0000-0002-2752-9620
Anatoliy D. Fesyun, Dr. Sci. (Med.), Acting Director, National Medical Research Center of Rehabilitation and
Balneology.
E-mail: fad68@yandex.ru, ORCID ID: http://orcid.org/0000-0003-3097-8889
Elena A. Rozhkova, Dr. Sci. (Bio.), professor of the Department of Rehabilitation Medicine, Physical Therapy and Medical Rehabilitation, National Medical Research Center of Rehabilitation and Balneology.
E-mail: erozhcova@yandex.ru, ORCID ID: http://orcid.org/0000-0002-2440-9244
Authors’ contribution:
All authors confirm their authorship according to the ICMJE criteria (all authors contributed significantly to the
conception, study design and preparation of the article, read and approved the final version before publication).
Special contribution:
Chugreev I.A. – textual part of the work, material collection;
Fesyun A.D., Rozhkova E.A. – concept and design of the study.
Funding Source:
This study was not supported by any external sources of funding.
Disclosure:
The authors declare that there are no obvious and potential conflicts of interest associated with the publication of
this article.
Ethics Approval:
Not applicable.
Consent for Publication:
Not applicable.

126

ДИССЕРТАЦИОННАЯ ОРБИТА

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962

REFERENCES
1.
2.
3.
4.

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

Dissertation Orbit

Ivan A. Chugreev ET AL. | Review article

5.

Linaker C.H., Walker-Bone K. Shoulder disorders and occupation. Best Practice & Research Clinical Rheumatology. 2015; 29(3): 405-23.
https://doi.org/10.1016/j.berh.2015.04.001
Kim S.H., Wise B.L., Zhang Y., Szabo R.M. Increasing incidence of shoulder arthroplasty in the United States. Journal of Bone and Joint Surgery. 2011;
93(24): 2249-54. https://doi.org/10.2106/JBJS.J.01994
Schairer W.W., Nwachukwu B.U., Lyman S., Gulotta L.V. Arthroplasty treatment of proximal humerus fractures: 14-year trends in the United States.
The Physician and Sportsmedicine. 2017; 45(2): 92-96. https://doi.org/10.1080/00913847.2017.1311199
Cvetanovich G.L., Frank R.M., Chalmers P.N., Verma N.N., Nicholson G.P., Romeo A.A. Surgical Management of Proximal Humeral Fractures: The
Emerging Role of Reverse Total Shoulder Arthroplasty. Orthopedics. 2016; 39(3): e465-73. https://doi.org/10.3928/01477447-20160324-02
Drake G.N., O'Connor D.P., Edwards T.B. Indications for reverse total shoulder arthroplasty in rotator cuff disease. Clinical Orthopaedics and Related
Research. 2010; 468(6): 1526-33. https://doi.org/10.1007/s11999-009-1188-9
Schairer W.W., Nwachukwu B.U., Lyman S., Craig E.V., Gulotta L.V. National utilization of reverse total shoulder arthroplasty in the United States. Journal of Shoulder and Elbow Surgery. 2015; 24(1): 91-7. https://doi.org/10.1016/j.jse.2014.08.026
Sanchez-Sotelo J., Athwal G.S. How to Optimize Reverse Shoulder Arthroplasty for Irreparable Cuff Tears. Current Reviews in Musculoskeletal Medicine.
2020; 13(5): 553-560. https://doi.org/10.1007/s12178-020-09655-7
Baulot E., Sirveaux F., Boileau P. Grammont's idea: The story of Paul Grammont's functional surgery concept and the development of the reverse
principle. Clinical Orthopaedics and Related Research. 2011; 469(9): 2425-31. https://doi.org/10.1007/s11999-010-1757-y
Grammont P.M., Baulot E. The classic: Delta shoulder prosthesis for rotator cuff rupture. 1993. Clinical Orthopaedics and Related Research. 2011;
469(9): 2424. https://doi.org/10.1007/s11999-011-1960-5
Maykov, S.V. Evolution of shoulder arthroplasty. N.N. Priorov Journal of Traumatology and Orthopedics. 2020; 27(1): 84-90.
https://doi.org/10.17816/vto202027184-90
Middernacht B., Van Tongel A., De Wilde L. A Critical Review on Prosthetic Features Available for Reversed Total Shoulder Arthroplasty. BioMed
Research International. 2016; (2016): 3256931. https://doi.org/10.1155/2016/3256931
Westermann R.W., Pugely A.J., Martin C.T., Gao Y., Wolf B.R., Hettrich C.M. Reverse Shoulder Arthroplasty in the United States: A Comparison of
National Volume, Patient Demographics, Complications, and Surgical Indications. Iowa Orthopedic Journal. 2015; (35): 1-7.
Wagner E.R., Farley K.X., Higgins I., Wilson J.M., Daly C.A., Gottschalk M.B. The incidence of shoulder arthroplasty: rise and future projections
compared with hip and knee arthroplasty. Journal of Shoulder and Elbow Surgery. 2020; 29(12): 2601-2609. https://doi.org/10.1016/j.jse.2020.03.049
Horneff J.G., Nicholson T.A., Namdari S., Williams G.R., Abboud J.A. The Midterm Results of the Delta Xtend Reverse Shoulder System: A Five-Year
Outcome Study. The Archives of Bone and Joint Surgery. 2018; 6(6): 532-538.
Capon D., Collins D., Ekelund A., Lafosse L., De Wilde L., Nérot C., Seebauer L., Wirth M. DELTA XTEND™ Reverse Shoulder System Surgical Technique.
Available at: https://www.jnjmedtech.com/en-EMEA/product/delta-xtend-reverse-shoulder-system (accessed 2020)
Alta T.D., Veeger D.H., de Toledo J.M., Janssen T.W., Willems W.J. Isokinetic strength differences between patients with primary
reverse and total shoulder prostheses: muscle strength quantified with a dynamometer. Clinical Biomechanics. 2014; 29(9): 965-70.
https://doi.org/10.1016/j.clinbiomech.2014.08.018
Pereira V.C., Barreto J., Tomé S., Cunha J., Amaro J., Moreira J., Miranda A., Branco C.A. Clinical and Functional Results of Reverse Total Shoulder
Arthroplasty and Postoperative Rehabilitation Protocol. Cureus. 2022; 14(3): e23322. https://doi.org/10.7759/cureus.23322
Erşen A., Birişik F., Bayram S., Şahinkaya T., Demirel M., Atalar A.C., Demirhan M. Isokinetic Evaluation of Shoulder Strength and Endurance after
Reverse Shoulder Arthroplasty: A Comparative Study. Acta Orthopaedica et Traumatologica Turcica. 2019; 53(6): 452-456.
Berliner J.L., Regalado-Magdos A., Ma C.B., Feeley B.T. Biomechanics of reverse total shoulder arthroplasty. Journal of Shoulder and Elbow Surgery.
2015; 24(1): 150-60. https://doi.org/10.1016/j.jse.2014.08.003
Lee J., Consigliere P., Fawzy E., Mariani L., Witney-Lagen C., Natera L., Buch B., Atoun E., Sforza G., Amar E., Levy O. Accelerated rehabilitation following
reverse total shoulder arthroplasty. Journal of Shoulder and Elbow Surgery. 2021; 30(9): e545-e557. https://doi.org/10.1016/j.jse.2020.11.017
Kirsch J.M., Namdari S. Rehabilitation After Anatomic and Reverse Total Shoulder Arthroplasty: A Critical Analysis Review. JBJS Reviews. 2020; 8(2):
e0129.
Katzer A., Sickelmann F., Seemann K., Loehr J.F. Two-year results after exchange shoulder arthroplasty using inverse implants. Orthopedics. 2004;
27(11): 1165-1167. https://doi.org/10.3928/0147-7447-20041101-12
Chou J., Malak S.F., Anderson I.A., Astley T., Poon P.C. Biomechanical evaluation of different designs of glenospheres in the SMR reverse
total shoulder prosthesis: range of motion and risk of scapular notching. Journal of Shoulder and Elbow Surgery. 2009; 18(3): 354-359.
https://doi.org/10.1016/j.jse.2009.01.015
Roche C., Flurin P.H., Wright T., Crosby L.A., Mauldin M., Zuckerman J.D. An evaluation of the relationships between reverse shoulder
design parameters and range of motion, impingement, and stability. Journal of Shoulder and Elbow Surgery. 2009; 18(5): 734-741.
https://doi.org/10.1016/j.jse.2008.12.008
Roche C.P. Reverse Shoulder Arthroplasty Biomechanics. Journal of Functional Morphology and Kinesiology. 2022; 7(1): 13 p.
https://doi.org/10.3390/jfmk7010013
Friedman R.J., Barcel D.A., Eichinger J.K. Scapular Notching in Reverse Total Shoulder Arthroplasty. Journal of the American Academy of Orthopaedic
Surgeons. 2019; 27(6): 200-209. https://doi.org/10.5435/JAAOS-D-17-00026
Kapandji I., Honoré L. The physiology of the joints (Seventh ed.). Pencaitland, East Lothian, Scotland: Handspring Publishing. 2019.
Rugg C.M., Coughlan M.J., Lansdown D.A. Reverse Total Shoulder Arthroplasty: Biomechanics and Indications. Current Reviews in Musculoskeletal
Medicine. 2019; 12(4): 542-553. https://doi.org/10.1007/s12178-019-09586-y
Vourazeris J.D., Wright T.W., Struk A.M., King J.J., Farmer K.W. Primary reverse total shoulder arthroplasty outcomes in patients with subscapularis
repair versus tenotomy. Journal of Shoulder and Elbow Surgery. 2017; 26(3): 450-457. https://doi.org/10.1016/j.jse.2016.09.017
Dedy N.J., Gouk C.J., Taylor F.J., Thomas M., Tan S.L.E. Sonographic assessment of the subscapularis after reverse shoulder arthroplasty: impact of
tendon integrity on shoulder function. Journal of Shoulder and Elbow Surgery. 2018; 27(6): 1051-1056. https://doi.org/10.1016/j.jse.2017.12.008
Engel N.M., Holschen M., Schorn D., Witt K.A., Steinbeck J. Results after primary reverse shoulder arthroplasty with and without subscapularis repair:
a prospective-randomized trial. Archives of Orthopaedic and Trauma Surgery. 2021. https://doi.org/10.1007/s00402-021-04024-6
Brotzman S.B., Manske R.C., Daugherty K. Clinical orthopaedic rehabilitation: An evidence-based approach. Philadelphia, PA: Elsevier Mosby. 2011
de Toledo J.M., Loss J.F., Janssen T.W., van der Scheer J.W., Alta T.D., Willems W.J., Veeger, D.H. Kinematic evaluation of patients with
total and reverse shoulder arthroplasty during rehabilitation exercises with different loads. Clinical Biomechanics. 2012; 27(8): 793-800.
https://doi.org/10.1016/j.clinbiomech.2012.04.009
Walker D., Wright T.W., Banks S.A., Struk A.M. Electromyographic analysis of reverse total shoulder arthroplasties. Journal of Shoulder and Elbow
Surgery. 2014; 23(2): 166-172. https://doi.org/10.1016/j.jse.2013.05.005
Bullock G.S., Garrigues G.E., Ledbetter L., Kennedy J. A Systematic Review of Proposed Rehabilitation Guidelines Following Anatomic and Reverse
Shoulder Arthroplasty. Journal of Orthopaedic & Sports Physical Therapy. 2019; 49(5): 337-346. https://doi.org/10.2519/jospt.2019.8616
Sekirin A.B. Protocol of early rehabilitation after еndoprosthesis replacement of major joints (literature review). Bulletin of Rehabilitation Medicine.
2019; 2(90): 51-57.
Massachusetts General Hospital Sports Medicine. Rehabilitation Protocol for Reverse Shoulder Arthroplasty. Available at:
https://www.massgeneral.org/orthopaedics/sports-medicine/physical-therapy/sports-rehab-protocols. (accessed 2018)

127

Чугреев И.А. И ДР. | Обзорная статья

ВЕСТНИК ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ ТОМ 21, № 5-2022 • ISSN 2078-1962

128

38. Boudreau S. Reverse Total Shoulder Arthroplasty Guideline. Available at: https://www.brighamandwomens.org/patients-and-families/rehabilitationservices/physical-therapy-protocols. (accessed 2022)
39. Boudreau S., Boudreau E.D., Higgins L.D., Wilcox R.B. Rehabilitation following reverse total shoulder arthroplasty. Journal of Orthopaedic & Sports
Physical Therapy. 2007; 37(12): 734-743. https://doi.org/10.2519/jospt.2007.2562
40. Romano A.M., Oliva F., Nastrucci G., Casillo P., Di Giunta A., Susanna M., Ascione F. Reverse shoulder arthroplasty patient personalized rehabilitation
protocol. Preliminary results according to prognostic groups. Muscle, Ligaments and Tendons Journal. 2017; 7(2): 263-270.
41. Blacknall J., Neumann L. Rehabilitation following Reverse Total Shoulder Replacement. Shoulder & Elbow. 2011; 3(4): 232-240.
https://doi.org/10.1111/j.1758-5740.2011.00138.x
42. Lu Z., Nazari G., Almeida P.H., Pontes T., MacDermid J.C. The clinical outcome of physiotherapy after reversed shoulder arthroplasty: a systematic
review. Disability and Rehabilitation. 2021: 1-12. https://doi.org/10.1080/09638288.2021.1985633
43. Kennedy J.S., Reinke E.K., Friedman L.G.M., Cook C., Forsythe B., Gillespie R., Hatzidakis A., Jawa A., Johnston P., Nagda S., Nicholson G.,
Sears B., Wiesel B., Garrigues G.E. Protocol for a multicenter, randomised controlled trial of surgeon-directed home therapy vs. outpatient
rehabilitation by physical therapists for reverse total shoulder arthroplasty: the SHORT trial. Archives of Physiotherapy. 2021; 11(1): 28 p.
https://doi.org/10.1186/s40945-021-00121-2
44. Galvin J., Kim R., Ment A., Durso J., Joslin P.M.N., Lemos J.L., Novikov D., Curry E.J., Alley M., Parada S.A., Eichinger J.K., Li X. Outcomes and
Complications of Primary Reverse Shoulder Arthroplasty with Minimum of Two-Years Follow-Up: A Systematic Review and Meta-analysis. Journal of
Shoulder and Elbow Surgery. 2022; 11(31): e534-e544. https://doi.org/10.1016/j.jse.2022.06.005
45. Barco R., Savvidou O.D., Sperling J.W., Sanchez-Sotelo J., Cofield R.H. Complications in reverse shoulder arthroplasty. EFORT Open Reviews. 2017; 1(3):
72-80. https://doi.org/10.1302/2058-5241.1.160003
46. Cheung E.V., Sarkissian E.J., Sox-Harris A., Comer G.C., Saleh J.R., Diaz R., Costouros J.G. Instability after reverse total shoulder arthroplasty. Journal of
Shoulder and Elbow Surgery. 2018; 27(11): 1946-1952. https://doi.org/10.1016/j.jse.2018.04.015
47. Kohan E.M., Chalmers P.N., Salazar D., Keener J.D., Yamaguchi K., Chamberlain A.M. Dislocation following reverse total shoulder arthroplasty. Journal
of Shoulder and Elbow Surgery. 2017; 26(7): 1238-1245. https://doi.org/10.1016/j.jse.2016.12.073
48. Gillespie R.J., Garrigues G.E., Chang E.S., Namdari S., Williams G.R. Jr. Surgical exposure for reverse total shoulder arthroplasty: differences in
approaches and outcomes. Orthopedic Clinics of North America. 2015; 46(1): 49-56. https://doi.org/10.1016/j.ocl.2014.09.015
49. Walker M., Willis M.P., Brooks J.P., Pupello D., Mulieri P.J., Frankle M.A. The use of the reverse shoulder arthroplasty for treatment of failed total
shoulder arthroplasty. Journal of Shoulder and Elbow Surgery. 2012; 21(4): 514-522. https://doi.org/10.1016/j.jse.2011.03.006
50. Choi S., Bae J.H., Kwon Y.S., Kang H. Clinical outcomes and complications of cementless reverse total shoulder arthroplasty during the early learning
curve period. Journal of Orthopaedic Surgery and Research. 2019; 14(1): 53 p. https://doi.org/10.1186/s13018-019-1077-1
51. Edwards P.K., Ebert J.R., Joss B., Ackland T., Wang A. A randomised trial comparing two rehabilitation approaches following reverse total shoulder
arthroplasty. Shoulder & Elbow. 2021; 13(5): 557-572. https://doi.org/10.1177/1758573220937394
52. Alta T.D., Veeger H.E., Janssen T.W., Willems W.J. Are shoulders with a reverse shoulder prosthesis strong enough? A pilot study. Clinical Orthopaedics
and Related Research. 2012; 470(8): 2185-2192. https://doi.org/10.1007/s11999-012-2277-8
53. Wiater B.P., Koueiter D.M., Maerz T., Moravek J.E. Jr, Yonan S., Marcantonio D.R., Wiater J.M. Preoperative deltoid size and fatty infiltration of the
deltoid and rotator cuff correlate to outcomes after reverse total shoulder arthroplasty. Clinical Orthopaedics and Related Research. 2015; 473(2):
663-673. https://doi.org/10.1007/s11999-014-4047-2
54. Uschok S., Herrmann S., Pauly S., Perka C., Greiner S. Reverse shoulder arthroplasty: the role of physical therapy on the clinical outcome in the midterm to long-term follow-up. Archives of Orthopaedic and Trauma Surgery. 2018; 138(10): 1347-1352. https://doi.org/10.1007/s00402-018-2977-y
55. Buchmann S., Schoch C., Grim C., Jung C., Beitzel K., Klose M., Mauch B., Pfalzer F., Tepohl L., Tholen R., Gottfried T., Ortmann H., Scheibel M., Mauch
F. Rehabilitation following reverse shoulder arthroplasty. Obere Extremität. 2019; (14): 269-283 https://doi.org/10.1007/s11678-019-0513-5

ДИССЕРТАЦИОННАЯ ОРБИТА

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962

CASE REPORT
Клинический случай

Myofascial Facial Massage in Correction of Stress, Anxiety
and Depressive Symptoms: a Сase Report
Anastasia D. Dubinskaya*, Olga V. Yurova, Anatoliy D. Fesyun
National Medical Research Center of Rehabilitation and Balneology, Moscow, Russian Federation

ABSTRACT
INTRODUCTION. At present, neuropsychiatric disorders are widespread among the population. Their occurrence is associated with the
effect of chronic emotional stress. However, most people are not ready to seek help from a psychologist or psychotherapist. The original
technique of decreasing the bioelectrical activity of facial muscles, developed and described in this study, can be an affordable and safe
way to correct psycho-emotional states and, consequently, improve the aesthetic appearance.
AIM. To develop a modern method of correction of psychoemotional derivations, based on the use of neuromuscular relaxation techniques and the development of a facial feedback mechanism.
MATERIAL AND METHODS. The research methods included psychological, neurophysiological, and clinical-functional components that
allowed assessing the psychoemotional status and electrophysiological parameters of the facial muscles.
RESULTS AND DISCUSSION. The results have shown a high efficiency of neuromuscular relaxation methods in the correction of psychoemotional disorders, which was manifested in reducing the level of depressiveness, situational and personal anxiety and increasing
the bioelectric activity of the facial muscles, as well as the state of parafunction It have become possible to establish a clear correlation
between the presence of severe depression and anxiety and increased electrical activity of the facial muscles, and the data obtained
suggested that the use of neuromuscular relaxation techniques is an effective psychocorrective.
СONCLUSION: The method of neuromuscular relaxation is a new effective tool for diagnosing psychoemotional derivations and
increasing the tonus of facial muscles by creating facial feedback.
KEYWORDS: stress, facial muscle, facial feedback, hypertonicity, myofascial face massage
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Миофасциальный массаж лица в коррекции симптомов стресса,
тревоги и депрессии: клинический случай
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Национальный медицинский исследовательский центр реабилитации и курортологии, Москва, Российская
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РЕЗЮМЕ
ВВЕДЕНИЕ. В настоящее время нервно-психические расстройства широко распространены среди населения. Их возникновение связано с воздействием хронического эмоционального стресса. По многим причинам большинство людей, когда они
испытывают стресс или более серьезные расстройства, не готовы обращаться за помощью к психологу или психотерапевту.
Оригинальная методика снижения биоэлектрической активности лицевых мышц, разработанная и описанная в данном исследовании, может стать доступным и безопасным способом коррекции психоэмоциональных состояний и, следовательно, улучшения эстетического внешнего вида.
ЦЕЛЬ. Разработать современный метод коррекции психоэмоциональных отклонений, основанный на использовании техник
миофасциального массажа и разработке механизма лицевой обратной связи.
МАТЕРИАЛ И МЕТОДЫ. Методы исследования включают психологический, нейрофизиологический и клинико-функциональный компоненты, позволяющие оценить психоэмоциональный статус и электрофизиологические параметры лицевых мышц.
РЕЗУЛЬТАТЫ И ОБСУЖДЕНИЕ. Результаты исследования показали высокую эффективность методов миофасциального массажа лица в коррекции психоэмоциональных расстройств, что проявилось в снижении уровня депрессивной симптоматики,
личностной и ситуативной тревожности, снижении биоэлектрической активности лицевых мышц и болевого синдрома. Полученные данные позволяют предположить, что использование техник миофасциального массажа является эффективным психокоррекционным инструментом, разрывающим порочную связь между длительным мышечным напряжением и негативным
эмоциональным состоянием пациента.
ЗАКЛЮЧЕНИЕ. Метод нервно-мышечной релаксации является новым эффективным средством диагностики психоэмоциональных отведений и повышения тонуса мимических мышц за счет создания мимической обратной связи.
Для цитирования: Dubinskaya A.D., Yurova O.V., Fesyun A.D. Myofascial Facial Massage in Correction of Stress, Anxiety and Depressive
Symptoms: a Сase Report. Bulletin of Rehabilitation Medicine. 2022; 21 (5): 129-139. https://doi.org/10.38025/2078-1962-2022-21-5-129-139
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INTRODUCTION
At present, neuropsychiatric disorders are widespread
among the population. Their occurrence is associated
with the effect of chronic emotional stress. The WHO data
shows that more than 300 million people worldwide are
diagnosed with depression and more than 284 million
people suffer from various types of anxiety disorders [1].
An increased tonic activity of muscle tissue can be called
an indicator of mental stress at the physical level. This is
a consequence of the activation of the sympathoadrenal
system in response to mental stress. The mechanisms of
facial expression depend on the mental state of the person – their functional state is associated with the neuropsychiatric state. That is why, according to observations, these
muscles are more sensitive to emotional experiences than
all the others [2-4]. Such emotional susceptibility is inherent in the masticatory (m. masseter), zygomaticus muscles
(m. zygomaticus), orbicular muscle of mouth (m. orbicularis
oris), and corrugator muscle (m. corrugator) [4-7]. Therefore,
a number of authors call facial muscles "emotionally significant" or "valent-sensitive" [3, 8, 9]. Facial expression is
mainly the result of stereotypical movements of the facial
skin and fascia (connective tissue) due to the contraction
of the facial muscles in certain combinations. Such contractions create folds, lines, and wrinkles on the skin and cause
movement of markings on the face, such as the corners of
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the mouth and eyebrows. Although such factors as skin
colour and sweating may contribute to some facial expressions, the most important aspects of most facial expressions are a direct result of muscle action. The facial muscles are not the only muscles that respond to emotions.
Striatal muscles of the neck, back, arms, etc., also contract
in response to emotions, as do the smooth muscles of the
blood vessels and digestive tract. However, nowhere in the
body are the emotions more clearly distinguished from one
another than in the pattern of facial muscle tension.
There is a correlation between the activity of the facial
muscles and the emotional state – they always interact
with each other on the principle of facial feedback, which is
confirmed by the research by scientists [3, 8-10]. The tonus
of the facial muscles increases when a person experiences
negative emotion. When the facial muscles remain tense
for a long time, such processes as negative neuropsychiatric states only intensify. Therewith, persistent relaxation
of the facial muscles through the afferent channels allows
slowing these processes down and has a positive effect on
the emotional background [11-14].
At present, specialists use botulinotherapy. This technique allows blocking afferent signals from the facial muscles to the emotional centres of the brain, thereby helping in the fight against depressive disorders [7, 15-17]. But,
recently, there has been growing evidence that such invasive
КЛИНИЧЕСКИЙ СЛУЧАЙ
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AIM
To develop a modern method of correction of psychoemotional derivations, based on the use of neuromuscular relaxation techniques and the development of a facial
feedback mechanism.
MATERIAL AND METHODS
To study the effectiveness of the neuromuscular relaxation method used to correct psychoemotional disorders,
the authors presented a clinical observation and the results
obtained during its use.
The patient K., 35 years old, came to the clinic complaining about aesthetic changes in her appearance. It was
suggested that dissatisfaction with her appearance and
the desire to correct aesthetic defects had been caused by
a negative emotional background. Psychological testing,
as well as neurophysiological and clinical functional diagnostics of the facial and cervical muscles were performed
to analyze the psychological characteristics of the individual and the characteristics of the concomitant state of the
facial muscles. According to the results of these studies,
patient K. was offered a set of neuromuscular relaxation
procedures. Life record: patient K. has a higher education,
working as a high school English teacher. She often experiences emotional stress in the course of her professional
activity. Divorced and is raising a 13-year-old son (perhaps the present marital status leaves a negative imprint
on her self-esteem and encourages the desire to change
her appearance). Status praesens: Patient K. is somatically
Case Report

healthy. Denies the presence of chronic diseases.
Psychological examination was carried out using the following methods:
1. Assessment of the subjective severity of depression
on the Beck Depression Inventory [10]. The results were
evaluated as follows: 0-9 points – no depressive symptoms, 10-15 points – mild depression (subdepression),
16-19 points – moderate depression, 20-29 points – severe
depression (moderate severity), 30-63 points – severe
depression.
2. Measuring the level of anxiety using the Ch. Spielberger's questionnaire modified by Yu. Khanin [10]. The
study assessed the level of state and trait anxiety. The
results were interpreted as follows: 0-30 points – low anxiety, 31-45 points – moderate anxiety, over 46 points – high
anxiety.
The neurophysiological study included conducting interference electromyography on the "Neuro-MVP-Neurosoft"
device. The degree of bioelectric activity of the muscles
most actively involved in the manifestation of negative
emotional states was evaluated: corrugator (m. corrugator
supercilii), masticatory (m. masseter), depressor anguli oris
(m. depressor anguli oris). Neurophysiological indicators
of the facial muscles were evaluated using standardised
methods of interference myography.
The first stage of the study was to monitor and record
the results of facial muscles activity of the study participants in a state of relative rest. To ensure the continuity
of the results and the correct interpretation, the authors
of the study decided to use the standards of interference
myography proposed by J. Clam (1990). The activity of
the masticatory muscles is normally 0-3.1 mkV. With a low
degree of tension, muscle biopotentials are recorded in
the range of 3.2-5.2 mkV, an average degree of tension of
5.3-7.3 mkV, a high degree – 7.4-9.4 mkV, and a very high
degree – more than 9.4 mkV. The activity of facial muscles
is normally 0-5 mkV, the values of biopotentials 5-8.1 mkV
indicate a weak degree of tension, 8.1-11.2 mkV – medium,
11.2-14.3 mkV – high, more than 14.3 mkV – very high.
The second stage of the study was the recording of data
on voluntary muscle activity by the method of samples
with maximum tension. The facial muscles, being in a state
of chronic excitation, exhibit inappropriate parafunctional
activity, which is recorded in the form of increased amplitude of fluctuations in electrical potentials. When studying
the neurophysiological parameters of the corrugator muscle (m. corrugator supercilii), the patient was asked to contract eyebrows as much as possible; the depressor anguli
oris (m. depressor anguli oris) – to lower the corners of the
mouth (face of discontent); the masticatory muscle (m.
masseter) – to clench the jaws as much as possible.
Clinical-functional diagnostics included an assessment
of the degree of pain during palpation of the following
areas: the postaural, parotideomasseteric, submandibular,
superciliary ridge area, upper section of the sternocleidomastoid muscles, trapezius muscles (Fig. 1). Pain was evaluated on a visual-analogue scale (VAS) from 0 to 10 points,
where 1 – no pain; 2-4 – mild pain; 5-7 – moderate pain;
8-9 – severe pain. Based on the severity of the pain syndrome, the overall functional state of the muscles was
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methods can lead to impaired emotional reactivity, reduced
emotional response, difficulty in processing the subtleties
and tones of the emotional language and decreased sexual function [6, 12, 18]. For this reason, botulinotherapy has
a controversial status – not all experts recommend its use.
One of the non-invasive methods of working with depressive disorders and correcting the facial muscles hypertonicity are physiotherapy techniques (laser therapy, massage,
oxygen therapy, magnetic therapy, Kinesio Taping, myogymnastics, acupuncture, as well as dental trainers). Notably,
most of these methods are still prescribed for neurological
diseases [19]. But when it comes to the signals associated
with depressive and anxiety disorders in people who are
physically healthy, the increased tonus of the facial muscles
is already considered as a symptom and goes beyond medical care. However, muscle hypertonicity sometimes remains
hidden. It rarely has a noticeable negative impact on the
quality of life. It is diagnosed during cosmetic or dental procedures and a massage [20-22].
For obvious reasons, most people are not ready to seek
help from a specialist psychologist or psychotherapist,
experiencing stress or more serious disorders. In addition,
these people are often in unconscious internal stress (anosognosia), cannot evaluate and describe their emotions
(alexithymia), and the use of cosmetic massage is often
caused by dissatisfaction with their own appearance. This
is always associated with a general negative neuropsychiatric background. The author's technique of neuromuscular
relaxation of the facial muscles, which has been developed
and described in this study, can become an affordable and
safe way to correct psychoemotional states and improve
the aesthetic appearance.
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evaluated. The absence of pain was regarded as a normal
muscle tonus, pain from 1 to 3 points – as a weak degree

of tension, 4-6 points – moderate tension, 7-9 points – high
degree of muscle tension.

Fig. 1. An assessment of the degree of pain in the submandibular area (left) and parotideomasseteric area (right) using
palpation
Caliperometric study. Measurement of the fold thickness
in various areas of the face and the neck – parotideomasseteric, submandibular, buccal areas, the upper part of the
sternocleidomastoid muscle was performed using caliperometry (assessment of the thickness of the skin and muscle
folds on the head and neck area of the caliper) (Fig.2). The
volume of myofiber directly depends on the degree of its
contraction, and an increase in the volume of the skin-muscle fold shows specialists the presence of interstitial edema.
Thus, its thickening can be used as an additional criterion
to diagnose the dynamic pattern of the level of muscle

tension before and after the study. The measurements
were carried out twice, after which the average value of
the data was displayed. The authors of the study chose this
diagnostic method since caliperometry data makes it possible to measure the dynamic pattern of the level of muscle
tension before and after the neuromuscular relaxation procedures and the severity of intercellular edema. A decrease
in the thickness of the skin-muscular fold after the procedure indicates a pronounced drainage effect of the massage, which is achieved by increasing the rate of the lymphatic and venous outflow from the facial muscles.

Fig. 2. Caliperometry in the parotideomasseteric area (left) and the upper section of the sternocleidomastoid muscles (right)
The technique of neuromuscular relaxation included
conducting a myofascial massage in the clinic, which was
accompanied by the patient's homework on performing
self-massage of the face and gymnastics for the neck. The
duration of correction was 2.5 months. Myofascial massage
was a procedure for inactivating facial muscle hypertonicity in accordance with the patent programme No. 2705237
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"The Method of neuromuscular relaxation of facial muscles" according to the method "Revitonica" [23]. When correcting the increased tone of the facial muscles, the following techniques were used: ischemic compression, deep
sliding palpation, pincer palpation, kneading. A total of 10
60-minute massage treatments were performed. The procedures were performed on a weekly basis (Fig. 3).

КЛИНИЧЕСКИЙ СЛУЧАЙ
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Fig. 3. Conducting myofascial massage
Training in face and neck self-massage was conducted
under the guidance of an instructor according to the
developed programme (Fig. 4). When performing the programme, the muscles of various parts of the head, neck,
and chest area were affected. Self-massage training took

place 2 times a week. The instructor conducted 20 classes
of 90 minutes each. Warming up, kneading, softening,
rubbing, stretching techniques were used as massage
movements.

The complexes studied together with the instructor
were repeated daily by the patient as homework, which

were performed daily for 15-30 minutes 6 times a week
(Fig. 5).
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Fig. 4. Training in self-massage of the face and neck by the method of Revitonica

Fig. 5. Self-massage of the face and neck using the method of Revitonica
RESULTS AND DISCUSSION
Initial indicators of clinical and functional diagnostics
parameters
While evaluating the initial indicators of the subjective
assessment of the severity of depression on the Beck scale
[10], a conclusion can be drawn that the patient had pronounced depressive symptoms. When assessing the psychological status, attention was drawn to a pronounced
fatigue ("I cannot do anything because of fatigue"), as well
as the internalisation of negative emotions and the inability to feel them ("I used to be able to cry, but now I cannot, even if I want to"). The patient had ideas of self-blame
("most of the time I feel guilty", "I blame myself for my
actions all the time"), a decrease in the level of social and
labour activity ("I hardly force myself to do anything"). Of
particular importance was dissatisfaction with the appearance and the realisation that there were negative changes
in it ("there were significant changes in my appearance that
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make me unattractive"). Other problems, such as concern
for health, interest in sexual activity, sleep disorders, and
satisfaction with life were not dominant.
When evaluating the results of the survey, the patient
had a high level of situational anxiety. The patient noted
that she almost always lacks self-confidence, she "feels
defenseless", is not sure of her strengths and abilities: she
assessed herself as "a failure", wanted to be "as lucky as others". Furthermore, emotional vulnerability and sensitivity
were identified, as well as prolonged experience of negative emotions: "I am very worried about troubles, I cannot
forget about them", "I take everything to heart". The pronounced level of anxiety was manifested in a low mood
("rarely in high spirits") and an unstable background ("often
irritable"). During the survey, the patient was also found to
have a high level of trait anxiety. The following features of
the patient's personality were noted: she is extremely sensitive to external circumstances and worries for insignificant reasons: "I worry about nothing", "I am worried about
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possible difficulties", "I feel constant anxiety, I think about

errands and troubles” (Table 1).
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Table 1. Initial indices of psychological status (points)
Indices of psychological status

Points

Subjective severity of depression

21

Situational anxiety

42

Personal anxiety

59

According to the initial data of the electromyographic
study, patient K. was found to have a significant excess of
the standard indicators of bioelectric activity of all facial
muscles (Table 2). Thus, in the initial state, the tonus of m.
corrugator supercilii on the right was 31.4 mkV, on the left –
25.2 mkV; the tonus of m. masseter on the right – 27.3 mkV,
on the left – 6 mkV; the tonus of m. depressor anguli oris

on the right – 57.0 mkV, on the left – 50.3 mkV. In addition, there was a significant excess of the tonus of the masticatory muscle on the right in relation to the tonus of the
masticatory muscle on the left. The results of the electromyography of the masticatory and facial muscles are presented in Table 2.

Table 2. Initial indices of facial muscle electromyography, test at rest (mkV)
Facial muscles

Indices of electromyography (mkV)
On the right

On the left

m. corrugator supercilii

31.4

25.2

m. masseter

27.3

6

m. depressor anguli oris

57.0

50.3

The initial evaluation of electromyographic data for the
maximum voltage samples for each muscle showed that
the bioelectric activity of the masticatory muscle (m. masseter) was 11.35 mkV on the right and 2.25 mkV on the left
(Δ = 11.37%). In the initial state, the tonus of m. corrugator

supercilii on the right was 251 mkV, on the left – 151.5 mkV;
the tonus of m. masseter on the right – 509.5 mkV, on the
left – 147 mkV; the tonus of m.depressor anguli oris on the
right – 853.5 mkV, on the left – 245 mkV (Table 3).

Table 3. Initial indices of electromyography of the masticatory and facial muscles, test at a maximum tension (mkV)
Facial muscles

Indices of electromyography (mkV)
On the right

On the left

m. corrugator supercilii

251

130

m. masseter

509.5

207.8

m. depressor anguli oris

853.5

131.5

Notably, patient K. demonstrated increased activity of
the muscles of the right side of the face compared with the
left side, which can be explained by various reasons, in particular, the habit of chewing or grinding teeth on the right
side of the jaw or increased tension of the skeletal muscles
on the right side of the body due to prolonged statokinetic
loads during the working day.

When performing functional diagnostics, the patient
had an initial high level of pain sensitivity on all the examined areas of the face during palpation (8-10 points). The
obtained data on high pain sensitivity are consistent with
neuromyographic indices, since a prolonged myofascial
hypertonicity leads to an increase in the severity of pain
and the pain sensitivity is a marker of the presence of muscle tension (Table 4).

Table 4. Initial indices of the muscle pain sensitivity in various areas of face and neck (points)
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Palpable areas

Pain sensitivity level

Parotideomasseteric area

8

Postaural area

10

Submandibular area

9

Superciliary ridge area

9

Occipital set of muscles

10

Trapezius muscles

10

Pain in the lower part of the face (intraoral)

9

КЛИНИЧЕСКИЙ СЛУЧАЙ
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Sternocleidomastoid muscle

Caliperometry. During caliperometry (assessment of
the thickness of the skin-muscular folds on the head and
neck using a caliper), the thickness of the folds in various
areas of the face and neck was measured – parotideomasseteric, submandibular, buccal areas, the upper section of

10

the sternocleidomastoid muscle. The measurements were
made twice, after which the average value of the obtained
data was calculated. Caliperometry data are evaluated in
dynamics, comparing the results before and after neuromuscular relaxation procedures (Table 5).

Measured areas

On the right

On the left

The volume of the skin fold in the parotideomasseteric area

38

30

The volume of the skin-muscular fold in the buccal area

30

Volume of the skin-muscular fold under the chin
The volume of the skin fold above the upper section of the
sternocleidomastoid muscle

Thus, in the patient K., who applied for cosmetology
services, against the background of pronounced depressive symptoms of varying severity and a high personal anxiety, high indices of bioelectric activity and pain sensitivity
of the facial and cervical muscles were observed.
Results of the influence of neuromuscular relaxation
procedures on initial indices
When analysing the dynamics of the subjective assessment of the severity of depression on the Beck scale
[10], there was a transition from a pronounced degree of
depression (21 points) to its almost complete absence (4
points), which indicated the high effectiveness of the myofascial massage in correcting disorders of the psychoemotional state. When assessing the psychological status of the
patient, significant positive changes were observed: the
mood has increased – "I do not feel upset", "I get as much
satisfaction from life, as before", "I am not crying more than
usual", the mood became more steady – "now I am irritable
not more than usual", confidence has increased – "I do not
feel like a loser", "I am not disappointed in myself", ideas of
self-accusation and guilt have disappeared – "I am not disappointed in myself", "I do not feel that I can be punished
for something", "I do not feel guilty". The patient's state
of somatic health did not cause anxiety – "I do not worry
about my health any more than usual". Sleep, appetite, and
interest in sex also did not inspire the patient with fears.

Case Report

30
24

20

26

The most important change that occurred in the psychological status of the patient is satisfaction with her appearance, which occured after the end of the procedures – "I do
not feel that I look worse than usual".
When analysing the dynamics of state anxiety, a significant effect of the correction was also noted: the level of
pe anxiety decreased from a moderate level (42 points) to
a low level (29 points). A very important positive change
was almost a complete absence of a sense of external
threat – "nothing threatens me". The patient also notes positive changes in her emotional background: she "does not
feel constrained, tense", "feels peace of mind", notes that
she "became happy".
The analysis of the personal anxiety showed a fairly
stable condition. The dynamics remained at a high level –
over 46 points. Notably, situational anxiety explains the
persistency of the individual’s property of perceiving certain external factors and actions as threatening and experiencing anxiety in response to such situations. A slight
decrease in this metric after neuromuscular relaxation may
indicate the individual characteristics of the patient's mental organisation. The patient, who took part in the study,
was recommended to see a psychologist to eliminate psychoemotional discomfort and correct anxiety disorders in
the future. Figure 6 presents the dynamics of indices of the
psychological status.
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Table 5. Initial caliperometry indices for various areas of the face and neck (mm)
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Fig. 6. The dynamics of indices of the patient's psychological status
Improvement of the psychological indices during the
neuromuscular relaxation procedures was accompanied by
positive dynamics of quality-of-life indices (Table 6). Thus,

the resting electromyography indices were normalised and
the muscle tonus on both sides was also normalised. This
indicates the effectiveness of the method.
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Table 6. The Electromyographic Parameters of Facial Muscles before and after correction, test at rest (microvolts)
Electromyographic indicators (mkV)
Muscles under study

On the right

On the left

Before

After

Before

After

m. corrugator supercilii

31.4

2.1

25.2

2.0

m. masseter

27.3

3.0

6

2.5

m. depressor anguli oris

57.0

2.5

50.3

2.2

When analysing the data of the electromyographic

study of the facial muscles in maximum tension in patient
K., a positive trend was established (Table 7).

Table 7. The Electromyographic Parameters of Facial Muscles before and after correction, test at maximum tension (microvolts)
Muscles under study

Electromyographic indicators (mkV)
On the right

On the left

Before

After

Before

After

m. corrugator supercilii

251

130

151.5

120.5

m. masseter

509.5

207.8

147

95.45

m. depressor anguli oris

853.5

131.5

245
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There was a decrease in the parafunctional activity of
all the studied facial muscles on the left and right sides. In
addition, after the application of neuromuscular relaxation
procedures, there was a more symmetrical muscle contraction on both sides of the face. Thus, the use of neuromuscular relaxation procedures has become an effective tool in
correcting muscle tension in the facial and cervical muscles.
Evaluating the indices of caliperometry (Table 8), the authors
of the study recorded a noticeable decrease in the thickness

of the skin fold after the neuromuscular relaxation procedures (in the parotideomasseteric and buccal areas on the
right – by 52.6%, and on the left in the parotideomasseteric
area by 33.3%, in the buccal area – by 52.6%, in the upper
section of the sternocleidomastoid muscle by 23%). The volume of the skin-muscular fold in the submandibular area
decreased by 41%. A pronounced asymmetry can be noted:
the thickness of the skin-muscular fold on the right side was
more pronounced than on the left side.

Table 8. Caliperometry Indices on various areas before and after correction (mm)
On the right

Measured areas

On the left

Before

After

Before

After

The volume of the skin fold in the parotideomasseteric area

38

18

30

20

The volume of the skin-muscular fold in the buccal area

30

18

30

18

The volume of the skin-muscular fold in the submandibular area

24

The volume of the skin fold above the upper section of the
sternocleidomastoid muscle

After the neuromuscular relaxation procedures, the
level of pain decreased to a mild degree of tension (in
the parotideomasseteric area – by 87.5%, in the postaural – by 80%, in the submandibular area – by 89%, in the

20

14
20

26

20

superciliary ridge area – by 77.8% and in the sternocleidomastoid muscle – by 70%) and moderate tension in the
occipital muscles – by 60%, in the trapezius muscle – by
60%, and in the lower face (intraorally) – by 44% (Table 9).

Table 9. Pain Sensitivity Level before and after correction (points)
Palpable areas
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Before correction

After correction

Parotideomasseteric area

8

1

Postaural area

10

2

Submandibular area

9

1

Superciliary ridge area

9

2

Occipital set of muscles

10

4

Trapezius muscles

10

4
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Pain in the lower part of the face (intraoral)

9

5

Sternocleidomastoid muscle

10

3

Case Report

significantly pronounced muscle spasm decreased in the
m. masseter, which is the most sensitive to the effects of
emotional stresses (the brightest trigger or "emotionally responsive" point). As a result of the correction, the
patient's subjective severity of depression, state and situational anxiety decreased.
Fourthly, the direct participation of the patient in the
correction helped to increase the interest and commitment
to the implementation of the recommendations, thereby
ensuring the achievement of a better psychological effect.
The authors of this study believe that the effectiveness
of correction is associated with independent exercises
that were conducted at a conscious level and with a high
degree of responsibility. Perhaps, myofascial massage,
when combined with regular exercises, aimed to reduce
muscle tension (self-massage of face and neck), contributed to a persistent muscle relaxation and breaking the
vicious circle between the tonic activity of the facial muscles and the emotional centres of the brain, which, in turn,
led to the stabilisation of the psychoemotional state. From
this case, it follows that achieving a stable positive dynamic
pattern for most indices of the psychological state against
the background of improving the functional activity and
tonus of the facial muscles when performing a set of neuromuscular relaxation procedures based on the facial feedback mechanism is effective.

Anastasia D. Dubinskaya ET AL. | Case Report

Consequently, the neuromuscular relaxation procedures
caused a decrease in the severity of hypertonicity which is
accompanied by a decrease in muscle pain during palpation.
Thus, a decrease in pain can be considered a reliable
indicator of a decrease in muscle tension.
Long-term results of the neuromuscular relaxation procedures were evaluated 4 months after the main study.
During this period, the patient performed prophylactic self-massage of the face and neck exercises 2-3 times
a week to maintain the result. As a result, patient K. maintained positive results in terms of the subjective severity of
depression and situational anxiety. There was no depression (3 points on the Beck scale) and a low level of personal anxiety (33 points on the Spielberger-Khanin scale).
The level of the personal anxiety remained unchanged (54
points on the Spielberger-Khanin scale) [10]. The presented
clinical case sets one thinking about several points:
Firstly, the high tonic activity of the facial muscles was
confirmed in a somatically healthy woman who sought
help with cosmetic procedures. This fact is consistent with
the study conducted by C. Le Louarn and co-authors, who
confirmed the presence of high levels of facial muscle
tension in healthy individuals using magnetic resonance
imaging. Meanwhile, muscle hypertonicity remained hidden, without significantly impairing the quality of life of the
patient and became a diagnostic finding in the course of
the study [24].
Secondly, the patient was found to have a high level
of depression symptoms during the study and a special
state anxiety against the background of the increased
muscle tonus of the facial muscles. This means that the
link between emotional disturbances and facial muscle
response has been confirmed by numerous predictions.
For example, a systematic review of M. Wieckiewicz and
co-authors say that from 2006 to 2016, almost 60 papers
were published on the mental state of women complaining on pain in the masticatory muscles, of which 79% of
studies were devoted to the relation of pain with depression, 42% – with anxiety, 21% – mood disorders [25] publications are related to the study of the corrugator muscle
(m. corrugator supercilii) and its connection with negative
emotional states (fear, anger, sadness) [2]. The correlation
between the indices of technical activity of the facial muscles and the psychological state of a person was proved
with the help of a study involving 151 women [26].
Thirdly, this clinical case illustrates the pronounced positive effect of neuromuscular relaxation of the facial muscles on the psychological state of a healthy woman, and
this particular case is confirmed by a study conducted on
a large sample [27]. A deep and differentiated method of
working with the facial muscles with the help of myofascial massage provided not only the achievement of a therapeutic effect, but psychological as well. A decrease in
the tonic activity of the facial muscles led to a persistent
improvement in the emotional state. The performed massage resulted in the disappearance of the increased electrical activity of the masticatory and facial muscles at rest
and at maximum tension, as well as to the almost complete disappearance of the muscle parafunction. The most

CONCLUSION
Neuromuscular relaxation techniques provide a longterm positive effect of muscle relaxation and a reduction
in the severity of somatic pain. The reduction of muscle
hypertonicity and the reduction of pain response contribute to the registration of a new, anatomically correct position of the myofiber and a physiologically adequate pattern
of muscle activity by the motor centres of the brain, which,
according to the principle of facial feedback, ensures the
restoration of the psychoemotional status, normalises the
mood background, reduces the severity of anxiety and
depression, increases the indices of physical and psychological health. The results of the study indicate that the
course of myofascial massage, aimed at reducing muscle
tension, complemented by independent practice, allows
developing a new dynamic stereotype, which is fixed and
supported by independent practice of self-massage of face
and gymnastics for neck, leading to the stabilisation of the
emotional state.
This clinical case illustrates the presence of certain hidden psychoemotional disorders, discovered after visiting
the clinic for the correction of the aesthetic disorders of
appearance. The severity of emotional disorders (the severity of depression, personal and sitoational anxiety) correlated with the presence of pronounced spasm of the facial
and masticatory muscles and the muscle parafunction,
which was confirmed by the data of electromyography and
calyperometry. Emotional deviations were also combined
with severe pain syndrome, which is a diagnostic indicator of muscle tension and hypertonicity. It became possible to establish a clear correlation between the presence
of severe depression and anxiety and increased electrical
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activity of the facial muscles. Hence, the data obtained
allow concluding that the use of the neuromuscular relaxation techniques is an effective psychocorrective tool that
ADDITIONAL INFORMATION

breaks the connection between the prolonged muscle tension and the negative emotional state of the patient, which
positively affected her psychological status.

Дубинская А.Д. И ДР. | Клинический случай

Information about the authors:
Anastasia D. Dubinskaya, Cand. Sci (Med.), Research Assistant, National Medical Research Center of Rehabilitation
and Balneology, Russia.
E-mail: adubinskaya@mail.ru, ORCID ID: http://orcid.org/0000-0002-8587-2910
Olga V. Yurova, Dr. Sci. (Med.), Professor, Deputy Director for Scientific and Educational Activities, National Medical
Research Center of Rehabilitation and Balneology, Russia.
E-mail: irisclips@gmail.com, ORCID ID: http://orcid.org/0000-0001-7626-5521
Anatoliy D. Fesyun, Dr. Sci. (Med.), Acting Director, National Medical Research Center of Rehabilitation and
Balneology, Russia.
E-mail: FesyunAD@nmicrk.ru, ORCID ID: http://orcid.org/0000-0003-3097-8889
Authors’ contribution:
All authors confirm their authorship according to the ICMJE criteria (all authors contributed significantly to the conception, study design and preparation of the article, read and approved the final version before publication).
Special сontribution:
Anastasia D. Dubinskaya – review of publications on the topic of the article, study design development, data analysis
and interpretation, statistical data processing, and writing the text of the article;
Olga V. Yurova – study design development, data analysis and interpretation, study monitoring;
Anatoliy D. Fesyun – study design development, critical content review, scientific editing of the text of the manuscript,
approval of the manuscript for publication.
Funding Source:
This study was not supported by any external sources of funding.
Acknowledgments:
Not applicable.
Disclosure:
Anatoliy D. Fesyun is a Director of the National Medical Research Center of Rehabilitation and Balneology and
a Deputy Editor-in-Chief of the Bulletin of Rehabilitation Medicine The authors declare no obvious or potential conflict
of interest associated with publication of this article.
Ethics Approval:
Not applicable.
Consent for Publication:
Consent of patient for publication (including not anonymized facial images) was obtained.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

138

«Depression: let’s talk» says WHO, as depression tops list of causes of ill health. 2018. Available at: https://www.who.int/news-room/headlines/3003-2017--depression-let-s-talk-says-who-as-depression-tops-list-of-causes-of-ill-health. (accessed 25.10.2022).
Heller A.S., Lapate R.C., Mayer K.E., Davidson R.J. The face of negative affect: trial-by-trial corrugator responses to negative pictures are positively
associated with amygdala and negatively associated with ventromedial prefrontal cortex activity. Journal of Cognitive Neuroscience. 2014; 26(9):
2102-2110.
Finzi E., Norman E. Emotional proprioception: treatment of depression with afferent facial feedback. Journal of Psychiatric Research. 2016; (80,): 93-96.
Jochum H., Keel P., Baumgartner-Gruber A., Zeilhofer H., Leiggener C. Bruxism, myoarthropathy and psychosomatics. Swiss Dental Journal. 2019;
129(4): 287-292.
Komiyama O., Wang K., Svensson P., Arendt-Nielsen L., Kawara M., de Laat,A. The influence of psychological state on the masseteric exteroceptive
suppression reflex and somatosensory function. Clinical Neurophysiology. 2008; 119(10): 2321-2328.
Baumeister J., Papa G., Foroni F. Deeper than skin-deep. The effect of botulinum toxin-A on emotion processing. Toxicon. 2016; (118): 86-90.
Dong H., Fan S., Luo Y., Peng B. Botulinum toxin relieves anxiety and depression in patients with hemifacial spasm and blepharospasm. Neuropsychiatric Disease and Treatment. 2019; (15): 33-36.
Dimberg U., Söderkvist S. The voluntary facial action technique: a method to test the facial feedback hypothesis. Journal of Nonverbal Behavior.
2011; (35): 17-33.
Finzi E., Rosenthalb N. Botulinum toxin for depression. Emotional proprioception. Journal of Psychiatric Research. 2016; (80): 93-96.
Giannakopoulos N.N., Keller L., Rammelsberg P., Kronmüller K.T., Schmitter M. Anxiety and depression in patients with chronic temporomandibular
pain and in controls. Journal of Dentistry. 2010; 38(5): 369-376.
Neta M., Norris C.J., Whalen P.J. Сorrugator muscle responses are associated with individual differences in positivity-negativity bias. Emotion. 2009;
9(5): 640-648.
Lewis M.B. Exploring the positive and negative implications of facial feedback. Emotion. 2012; 12(4): 852-859.
Söderkvist S., Ohlén K., Dimberg U. How the experience of emotion is modulated by facial feedback. Journal of Nonverbal Behavior. 2018; 42(1):
129-151.
Hao M., Liu G., Gokhale A., Xu Y., Chen R. Detecting happiness using hyperspectral imaging technology. Computational Intelligence and Neuroscience. 2019.

КЛИНИЧЕСКИЙ СЛУЧАЙ

Bulletin of Rehabilitation Medicine Vol. 21, No. 5-2022 • ISSN 2078-1962

Case Report

Anastasia D. Dubinskaya ET AL. | Case Report

15. Davis J., Senghas A., Brandt F., Ochsner K. The effects of botox injections on emotional experience. Emotion. 2010; (10): 433-440.
16. Hawlik A.E., Freudenmann R.W., Pinkhardt E.H., Schönfeldt-Lecuona C.J., Gahr M. Botulinum toxin for the treatment of major depressive disorder.
Fortschritte der Neurologie Psychiatrie. 2014; 82(2): 93-99.
17. Finzi E., Rosenthal N. Botulinum toxin therapy of social anxiety disorder: a case series. Journal of Clinical Psychopharmacology. 2019; 39(4): 410-412.
18. Oberman L.M., Winklelman P., Ramachandran V.S. Face to face: blocking facial mimicry can selectively impair recognition of emotional expressions.
Social Neuroscience. 2007; 2(3-4): 167-178.
19. Orlova O.R., Mingazova L.R., Morenkova A.E., Wayne A.M. The phenomenology of facial pain. Practical Neurology. 2002; (5): 21-22.
20. Sessle B.J. Neural basis of oral and facial function. Amsterdam: Elsevier Inc. 2014.
21. Kaewcum N., Siripornpanich V. The effects of unilateral Swedish massage on the neural activities measured by quantitative electroencephalography
(EEG). Journal of Health Research. 2018; 32(1): 36-46.
22. Luo J. The neural basis of and a common neural circuitry in different types of pro-social behavior. Frontiers in Psychology. 2018: 859.
23. Method of neuromuscular relaxation of facial muscles. 2019. Available at: https://patents.google.com/patent/RU2705237C1/en?oq=RU2705237C1
(accessed 25.10.2022).
24. Le Louarn C., Buthiau D., Buis J. Structural aging: the facial recurve concept. Aesthetic Plastic Surgery. 2007; 31(3): 213-218.
25. Wieckiewicz M., Zietek M., Smardz J., Zenczak-Wieckiewicz D. Mental status as a common factor for masticatory muscle pain: a systematic review.
Frontiers in Psychology. 2017: 646.
26. Dubinskaya A.D., Yurova O.V., Kotelnikova A.V., Gulaev Ye.N. Myofascial facial massage as a possible method for correcting psychoemotional states.
Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi kultury. 2019; 96(6): 24-30.
27. Dubinskaya A.D., Yurova O.V., Kotelnikova A.V., Tkachenko G.A. The relationship between psychological status and tonic activity of the facial muscles
in apparently healthy women. Psychotherapy Questions. 2020; 73(78): 110-126.

139

ВЕСТНИК ВОССТАНОВИТЕЛЬНОЙ МЕДИЦИНЫ ТОМ 21, № 5-2022 • ISSN 2078-1962

IN THE FOCUS OF ATTENTION...

В ЦЕНТРЕ ВНИМАНИЯ…

В ЦЕНТРЕ ВНИМАНИЯ

IV All-Russian Forum of Mayors of Resort Cities and Chief External
Experts in Health Resort Treatment
(October 13-14, 2022)
National Medical Research Center of Rehabilitation
and Balneology of the Ministry of Health of the Russian
Federation jointly with the National Association of Health
Resort Treatment Experts and the Association of Resort and
Tourist Cities, hosted the IV All-Russian Forum of Mayors of
Resort Cities and the School of Chief External Experts in
Health Resort Treatment on October 13-14, 2022.
The Forum, which took place in a hybrid format (online
and offline), was attended by more than 640 participants
from 63 constituent entities of the Russian Federation.
In his welcome address, A.D. Fesyun, Acting
Director and Head of the Department of Public Health,
Management in Health Care and Temporary Disability
Examination of the National Medical Research Center

of Rehabilitation and Balneology, noted that the topic
of health resort treatment is becoming increasingly
relevant and popular, also in the regions: in 4 years,
over 400 off-site events were held in 85 constituent
entities, with the main goal of assessing the quality of
medical care and organizational and methodological
support. He stressed that there is already a certain scope
of work for the near future and that it is necessary to
constantly discuss urgent issues and problems, as well
as to consolidate the efforts of both chief external
experts of the sector and the entire community in active
cooperation with the authorities, including the relevant
governing body – the Russian Ministry of Health – to
find ways of solving them.

Anatoliy Fesyun, Acting Director of the National Medical Research Center of Rehabilitation and Balneology
The event was attended by representatives of public
authorities: D. Yu. Vasilenko First Deputy Chairman of the
Committee on Science, Education and Culture of the Council of Federation of the Federal Assembly of the Russian
Federation; M.O. Barakhoyev, member of the Committee
on Social Policy of the Council of Federation of the Federal
Assembly of the Russian Federation; M.V. Kizeyev, Head of
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the Expert Council, member of the Committee on Health
Protection of the State Duma of the eighth convocation;
D.E. Badluyev, Deputy Director of the Department for the
Organization of Medical Care and Treatment in Health
Resorts of the Ministry of Health of the Russian Federation;
4 members and 1 corresponding member of the Russian
Academy of Sciences, health care administrators (chief
В ЦЕНТРЕ ВНИМАНИЯ…
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legal and regulatory issues, as well as the implementation
of management and information solutions in health resort
practices.
Then V.A. Tutelian, a member of the Russian Academy of Sciences, a Chief External Nutritionist of the Ministry of Health of Russia, a Scientific Director of the Federal
Research Centre for Nutrition, Biotechnology and Food
Safety delivered a presentation "Preventive and Therapeutic Nutrition in the System of Sanatorium Therapy", in which
the important role of preventive nutrition in a comprehensive health resort treatment as a basic factor contributing
to the restoration of health at the stage of rehabilitation
after diseases or surgery was discussed, as well as a basic
element of healthy lifestyle.
The plenary session was concluded by I. Yu. Tarmayeva,
Scientific Secretary of Federal Research Centre for Nutrition, Biotechnology and Food Safety. She presented a joint
report with D.B. Nikityuk, a member of the Russian Academy of Sciences, Director of Federal Research Centre for
Nutrition, Biotechnology and Food Safety – "Anthropo-nutritiology: a New Research Area in Preventive and Restorative Medicine". The speaker presented a new research area
exploring the relationship and mutual influence of anthropological anatomy and nutritional science aimed to optimize the physical and nutritional status of the population
and to implement modern, highly effective health-saving
technologies.
The Forum continued with a panel discussion on
"Implementing Main Directions of the Spatial Development
Strategy of the Russian Federation with the Involvement of
the Health Resort Complex of the Russian Federation".

IN FOCUS OF ATTENTION

physicians of health resort organizations of various forms
of ownership in Russia), 31 chief external experts in health
resort treatment in the federal districts and constituent
entities of the Russian Federation, heads of administrations
of resort cities, representatives of executive authorities of
constituent entities of the Russian Federation, leading scientists and specialists in the health resort industry, directors of sanatorium and resort institutions.
The plenary session of the first day of the event was
opened by A.D. Fesyun with his report "Sanatorium and
Health Resort Institutions as the Main Element of the Prospective Centre for Economic Growth". The report presented the role of the health resort complex in the Russian
Federation as part of the implementation of the tasks to
maintain a high level of health of the workforce as one of
the main components of the stable growth of economic
indicators. The health protection of the Russian population and the development of human potential, approved
as one of the points of the National Security Strategy of the
Russian Federation, is a key task defined by the Government, including the health resort industry, which fulfils the
backbone function of resort cities, directly affecting their
socio-economic development.
The plenary session continued with a presentation
"Provision of Medical Care in Sanatoriums in the Russian
Federation: Management and Information Solutions" by
M.V. Nikitin, a Chief External Expert in Health Resort Treatment of the Ministry of Health of Russia, a сhief physician
of the Sanatorium and Resort Complex "Vulan" – a research
and clinical branch of the National Medical Research Center
of Rehabilitation and Balneology. The presentation raised

Panel discussion on "Implementing Main Directions of the Spatial Development Strategy of the Russian
Federation with the Involvement of the Health Resort Complex of the Russian Federation"
The moderators were A.D. Fesyun and M.V. Nikitin.
The discussion focused on improving the territorial system for organising the provision of services in the field
of health resort treatment and the backbone function of
the industry for many territories of the Russian Federation.
In Focus of Attention

G.G. Onishchenko, a member of the Russian Academy of
Sciences, Deputy President of the Russian Academy of
Education; D.E. Badluyev, D.E. Badluyev, Deputy Director of
the Department for the Organization of Medical Care and
Treatment in Health Resorts of the Ministry of Health of the
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Russian Federation; M.V. Nikitin, a Chief External Expert in
Health Resort Treatment of the Ministry of Health of Russia, a Сhief Physician of the Sanatorium and Resort Complex "Vulan" – a research and clinical branch of the National
Medical Research Center of Rehabilitation and Balneology;
L.A. Belova, Dean of T. Z. Biktimirov Faculty of Medicine of
the Institute of Medicine, Ecology and Physical Training of
the Ulyanovsk State University; E.Yu. Zorkaltseva, Head of
the Department of Tuberculosis and Infectious Diseases
of Irkutsk State Medical Academy of Postgraduate Education – a branch of the Russian Medical Academy of Continuous Professional Education. The discussion focused on
improving the territorial system for organising the delivery of health resort treatment services. In the course of the
discussion, intermediate results were summarized and the
participants proposed a number of points to be included in
the Resolution of the Forum, one of which is the reduction
of interregional differences in living standards and quality
of life as the main objective of the Spatial Development
Strategy until 2025.
As part of the Forum, a round table "Topical Issues of
Children's Resorts: Traditions, Modernity, and a Look into
the Future" was held, presenting the roots of organising
children's balneological and health resort treatment and
the legal and regulatory framework for children's sanatorium and health resort facilities. The moderators were
M.V. Nikitin and M.A. Khan, Head of the Department for
Medical Rehabilitation of Children and Adolescents of the
Moscow Centre for Research and Practice in Medical Rehabilitation, Restorative and Sports Medicine of Moscow
Healthcare Department, Head of the Medical Rehabilitation Centre in N.F. Filatov Children's Municipal Clinical Hospital, a Chief External Expert in Medical Rehabilitation of
Children of the Administrative Directorate of the President
of the Russian Federation.
The first presentation "On the 100th Anniversary of
Professor Tatiana V. Karachevtseva", written in co-authorship with M.A. Khan, was presented by N.A. Lyan, leading
researcher of the Department of Medical Rehabilitation
of Children and Adolescents of the Moscow Research and
Practice Center of Medical Rehabilitation, Restorative and
Sports Medicine of Moscow Healthcare Department, associate professor of the Department of Restorative Medicine,
Rehabilitation and Balneology of I.M. Sechenov First Moscow State Medical University. The presentation focused on
a prominent specialist in the field of balneology and physiotherapy for children – T.V. Karachevtseva.
Then T.F. Golubova, Director of the Research Institute of
Children's Balneology, Physiotherapy and Medical Rehabilitation, made a report "The Formation and Development of
the Research Institute of Children's Balneology and Physiotherapy under the Guidance of the Scientific Adviser, Professor T.V. Karachevtseva. The speaker presented the way
of formation and development of one-of-a-kind research
center of pediatric balneology and physical therapy in the
country, the main scientific directions of which are devoted
to the issues of primary prevention and development of
scientific bases of rehabilitation treatment and rehabilitation of the most common diseases of childhood.
Then, N.N. Kaladze, Head of the Department of Pediatrics, Physiotherapy and Balneology of the S.I. Georgiyevsky
Medical Academy" of the V. I. Vernadsky Crimean Federal

University, spoke to the participants of the Forum, in co-authorship with N.A. Revenko, associate professor of the
Department of Pediatrics, Physiotherapy and Balneology
of the S.I. Georgiyevsky Medical Academy" of the V. I. Vernadsky Crimean Federal University with a report "Anti-aging and Sanatorium Treatment of Children”. The presentation was devoted to the substantiation of the possibility of
early aging in childhood through the prism of the relationship between immuno-neuro-hormonal disorders and the
main factors of the metabolic syndrome..
The participants then listened a report "Practical Application of the Hypoxic and Hyperoxic Gas Mixtures unit
HYPO-OXI-1 OXYTERRA in the Health Resort Industry" presented by T.N. Ross, General Director of the production
company "CELLJIM-RUS LLC".
The lecture part of the first day ended with a training
seminar on "The State Registry of the Resort Fund – a Tool
for Informing the Population of the Russian Federation”.
The lecturer, S.A. Khlyupin, Deputy Director for General
Affairs of the National Medical Research Center of Rehabilitation and Balneology, presented the Register, which
contains current and correct information about all health
resort organizations. Currently there are 1998 organizations in it, but it is necessary to constantly update and
replenish the data in the Registry.
The day ended with a collective photo session and
a trip to Medical and Rehabilitation Clinical Centre
“Yudino" – a research and clinical branch of the National
Medical Research Center of Rehabilitation and Balneology,
where a specific example was shown of the medical rehabilitation of patients with the following profiles: diseases of
the nervous system, diseases of the musculoskeletal system and connective tissue, somatic diseases.
The second day of the event "School of Chief External Experts in Health Resort Treatment" on October 14,
2022 began with a welcome address by A.D. Fesyun and
M.V. Nikitin. A welcome letter from E.A. Karpov, member
of the Committee on Science and Higher Education of the
State Duma of the Russian Federation of the 8th convocation, was read out.
The plenary session was opened by the report "Bioelementology as a Basis for Preventive, Recreational and Therapeutic Use of Mineral Waters", presented by Yu.A. Rakhmanin, member of the Russian Academy of Sciences, chief
researcher of the Department for Study of the Mechanisms
of Physical Factors of the National Medical Research Center
of Rehabilitation and Balneology, chief researcher of "Center for Strategic Planning and Management of Medical and
Biological Health Risks of the Federal Medical and Biological Agency. The report presented the criteria for balneological evaluation and application of mineral medicinal and
therapeutic table waters.
Then M. Yu. Yakovlev, Deputy Director for the Strategic Development of Medical Activity of the National Medical Research Center of Rehabilitation and Balneology presented a report on "Organizational and Methodological
Cooperation in the field of "Sanatorium Treatment" in the
Regions of the Russian Federation. The report presented
the role the National Medical Research Center of Rehabilitation and Balneology in assessing the quality of medical care of health resort organizations in the subjects of
the Russian Federation. The speaker emphasized the main
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Marketing Opportunities". The moderators were M.V. Nikitin and A.P. Rachin. The report: "The Role of Normative
Method for Calculating the Cost of the Health Resort Treatment State Service Cost", by O.V. Obukhova, Deputy Director of Health Economics of the Central Research Institute
for Health Organization and Informatization. It dealt with
the state and municipal services efficiency improvement,
the principles of effective use of budgetary funds.
Afterwards, the audience listened to the presentation
"Patient Management Algorithms Based on Approach
Processors as an Element of Internal Quality Control" by
E.A. Berseneva, research supervisor of the Roszdravnadzor
National Quality Institute, Head of Department of Healthcare Organization and Quality Management of the Faculty of Management in Medicine and Healthcare of the
Institute of Branch Management of the Russian Academy
of National Economy and Public Administration under
the President of the Russian Federation, professor of the
Department of Healthcare Organization of the National
Medical research Center of Rehabilitation and Balneology.
The speaker stressed that for effective work and the possibility of process control should be thoroughly elaborated
business processes, implemented in automated control
system of medical organization.
The Forum continued with a presentation on "Improving the Competitiveness of Health Resort Services based on Benchmarking" by
O.I. Vasilchuk, an auditor of Vneshaudit Consulting LLC. It
focused on the role of this financial tool – benchmarking
and its adaptation in improving the efficiency of organizations, including health resorts.
The report "Improving the Quality of Formulation and
Coding of the Disease Diagnose based on Clinical Guidelines" was delivered by D. Mikhailov, Deputy Head of the
Clinical Hospital of the Medical and Healthcare Unit of the
Russian Ministry of Internal Affairs in Moscow and lecturer
of the National Institute of Quality of Roszdravnadzor. In
his presentation, the speaker focused on the formulation
of the diagnosis and the accuracy of its coding on healthcare development.
After a break, the second day began with a presentation entitled 'Using the Body Composition Analyser to
Increase Sales of Additional Services in the Sanatorium'.
The report was read by N.A. Airapetova, Head of the Health
Resort Division of Accuniq company.
A round table on "Natural Healing Resources and Sanatorium and Health Resort Organizations as a Tool for
Improving the Health of the Nation" was held as part of
the School. Moderator: A.P. Rachin, Deputy Director for
Research, Head of the Department of Neurorehabilitation
and Clinical Psychology at the National Medical research
Center of Rehabilitation and Balneology. He presented his
report on "The Application of Natural Healing Factors from
an Evidence-Based Medicine Perspective: focus on Peloidotherapy", which raised the issue of the existence of the science-based evidence base in peloidotherapy and the steps
needed to increase the number of Russian studies confirming the effectiveness of peloidotherapy.
The round table then continued with a presentation on
“Experience of Sanatorium-based Preventive Tuberculosis
Services Treatment for Children in Challenging TB Epidemiological Situations”. It was read by E.Yu. Zorkaltseva, Head
of the Department of Tuberculosis and Infectious Diseases
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relationship of satisfaction with the quality of medical care,
the number of patients with the financial component of
health resort organizations.
The plenary session continued with a report "Role of
the Russian Academy of Sciences in Developing the Health
Resort Treatment System " by I.P. Bobrovnitsky, corresponding member of the Russian Academy of Sciences, advisor to
the director for scientific and technological development,
chief researcher of the Department of Physiotherapy and
Reflexotherapy of the National Medical Research Center
of Rehabilitation and Balneology. The report covered the
main activities of the Russian Academy of Sciences within
the framework of the state assignment, including expertise
on scientific and technical programmes and projects, monitoring and evaluation of the results of state scientific organizations, in particular those of health resorts.
The "School of Chief External Experts in Health Resort
Treatment" continued with a topical and lively panel discussion on the topic "Modern Health Resort Institutions:
Points of Reference and Principles of Construction". The
moderators were A.D. Fesyun and M.V. Nikitin. The invited
speakers were: A.R. Abdrakhmanov, a Chief External Expert
in Health Resort Treatment of the Ministry of Health of
Orenburg region, chief physician of the "Regional Centre for Medical Rehabilitation" of the Ministry of Health
of Orenburg region; O.K. Kozlov, Chief External Expert in
Health Resort Treatment of the Ministry of Health of Omsk
region, chief physician of “Children's Sanatorium No. 2” of
Omsk region; L. T. Guilmutdinova, Chief External Expert in
Health Resort Treatment in Volga Federal District, head of
the Department of Medical Rehabilitation, Physical Therapy and Sports Medicine with a course of the Institute of
Further Professional Education, director of the Research
Institute of Restorative Medicine and Balneology "Bashkir
State Medical University", of the Ministry of Health of Russia; E.A. Kurnyavkina, Chief External Expert in Health Resort
Treatment in Siberian Federal District, Chief External Expert
in Health Resort Treatment of the Ministry of Health of
Novosibirsk Region, chief physician of “Sanatorium Krasnozersky”; P.I. Ananchenkova, senior researcher, associate professor, N.A. Semashko National Research Institute of Public
Health. During the discussion, it was proposed to develop
tactics, adopt a resolution and decide what is relevant
today for the development of the health resort institutions:
improvement of legal and regulatory framework, quality
and safety issues, interest of the primary care providers in
referral to sanatorium treatment, staffing and updating the
data on the health resort institutions in the State Register
of the Health Resort Fund of the Russian Federation.
Next, the following presentations were given: "Application of Patient Lifting and Transfer Systems BM-04 with
Weight Compensation Function in Sanatoriums and Rehabilitation Facilities", supported by Medical Research and
Production Company "Biomir XXI" Ltd. Speaker: R.V. Kotyaev, sales representative of Medical Research and Production Company "Biomir XXI" Ltd., and "Methods for Prevention of Major Dental Diseases", supported by Diarsi group
of companies. Speaker: N.O. Novik, senior manager of the
Science and Medical Programs Department of Diarci Group
of Companies (R.O.C.S.).
This was followed by a roundtable discussion on
"Health Resort Treatment – Economic, Legislative and
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of the Irkutsk State Medical Academy of Postgraduate
Education – a branch of the Russian Medical Academy of
Continuous Professional Education, in co-authorship with
S. V. Pugacheva, chief physician of the Regional Children
Tuberculosis Hospital", Chief External Pediatric Phthisiatrician of the Ministry of Health of Irkutsk region. The presentation described natural healing factors of Irkutsk region
and their application in the treatment of the particular disease of the certain patients’ category.
"Rehabilitation of Patients with Autonomic Neuropathy in Breast Cancer" was delivered by L.A. Belova, Dean of
T.Z. Biktimirov Medical Eaculty of the Institute of Medicine,
Ecology and Physical Culture of the Ulyanovsk State University. The report discussed the need to improve the quality
and accessibility of rehabilitation care for this disease.
The round table closed with a presentation titled "Natural Healing Resources as a Tool to Increase the Attractive Power of Health Resort Institutions, Therapeutic Areas
and Resorts by A. I. Zharkov, Deputy Head of the Centre
for Testing and Expertise of Natural Healing Resources of
the National Medical Research Center of Rehabilitation and
Balneology, jointly with A.A. Parfenov, Head of the Centre
for Testing and Expertise of Natural Healing Resources of
the National Medical Research Center of Rehabilitation and
Balneology. It emphasized the positive aspects of enactment of the Classification of Natural Healing Resources,
medical indications and contraindications to their use
for medical and preventive purposes for health resort
treatment.
In addition, as part of the day of the "School of Chief
External Experts in Health Resort Treatment", a closed
meeting of the Specialized Committee on Health Resort
Treatment was held in parallel to the round table.
The main part of the "School of Chief External Experts
on Health Resort Treatment" ended with the announcement of the results of the competition “The Best External
Expert in Health Resort Treatment – 2022”. The winners

were: M.V. Nikitin – Chief External Expert in Health Resort
Treatment of the Ministry of Health of the Russian Federation; N.N. Shongina – Chief External Expert in Health Resort
Treatment of the Ministry of Health of the Russian Federation in the Southern Federal District; N.A. Mokina – Chief
External Expert in Health Resort Treatment of the Ministry of Health of Samara region; E.V. Vladimirsky – Chief
External Expert in Health Resort Treatment of the Ministry
of Health of Perm territory; О.О. Knyazyuk – Chief External Expert in Health Resort Treatment of the Ministry of
Health of Irkutsk region; E.A. Kurnyavkina – Chief External Expert in Health Resort Treatment of the Ministry of
Health of the Russian Federation in the Siberian Federal
District; A.R. Abdrakhmanov – Chief External Expert in
Health Resort Treatment of the Ministry of Health of Orenburg region; S.A. Pachin – Chief External Expert in Health
Resort Treatment of the Ministry of Health of Stavropol territory; E.V. Faizulin – Chief External Expert in Health Resort
Treatment of the Ministry of Health of Chelyabinsk region;
L.T. Gilmutdinova – Chief External Expert in Health Resort
Treatment of the Ministry of Health of the Russian Federation in the Volga Federal District.
The day ended with workshops: "Master class in Kinesiotaping" by M.A. Yeremushkin, Head of the Department
of Orthopaedics, Biomechanics, Kinesiotherapy and Manual Therapy of the National Medical Research Center of
Rehabilitation and Balneology, a chief physician at the
Medical and Rehabilitation Clinical Centre “Yudino" –
a research and clinical branch of the National Medical
Research Center of Rehabilitation and Balneology, and
"Master class in the Art Therapy" by M.E. Guseva, an occupational therapy instructor at the Medical and Rehabilitation Clinical Centre “Yudino”, Professor at the Department of Neurology, Neurosurgery and Medical Genetics
of the N.I. Pirogov Russian National Research Medical
University.

Guests and Participants of the Forum
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During these two intensive days of the Forum, there
were 2 panel discussions on topical issues of the Spatial
Development Strategy of the Russian Federation implementation and on the development of modern health
resort institutions; 3 round tables, including the topical issue of balneology for children; 22 scientific papers
were presented, 3 practical workshops were conducted,
a trip to the Medical and Rehabilitation Clinical Centre

“Yudino"- a branch of the National Medical Research Center
of Rehabilitation and Balneology was organized. A meeting
of Specialized Committee on Health Resort Treatment was
held.
Following the results of the Forum and the "School of
Chief External Experts on Health Resort Treatment", a Resolution is adopted in the main areas for further active development of the health resort industry.
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