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Анатомическая характеристика лабиринта  
и петушиного гребня решетчатой кости человека 
в первом периоде зрелого возраста по данным 

компьютерной томографии
Н.И. Муртазина, Е.Д. Луцай, М.И. Аникин, И.Р. Уряшев

ФГБОУ ВО «Оренбургский государственный медицинский университет»  
Минздрава России (Оренбург, Российская Федерация)

Аннотация
Цель: дать анатомическую характеристику лабиринта и петушиного 
гребня решетчатой кости человека в первом периоде зрелого возраста 
по данным компьютерной томографии.
Материал и методы. Объектом исследования послужили 60 компью-
терных томограмм черепа людей первого периода зрелого возраста 
(22–35 лет – мужчины, 21–35 лет – женщины), без патологии околоно-
совых пазух.
Результаты. В первом периоде зрелого возраста передне-задний размер 
лабиринта решетчатой кости справа составил 36,39±4,25 мм, слева – 
36,04±4,44 мм (при диапазоне значений от 28,30 до 46,61 мм). Передне-
задний размер решетчатого лабиринта справа и слева преобладал над вы-
сотой в 1,4 раза, над шириной – в 3 раза. Высота решетчатого лабиринта у 
лиц женского пола справа и слева составила 26,72±3,29 мм и 27,32±3,39 мм 

соответственно и была достоверно больше данного показателя у лиц муж-
ского пола. Высота и передне-задний размер петушиного гребня равны: 
13,98±3,76 мм и 13,39±2,63 мм соответственно, в 3 раза преобладали над 
его шириной. В 25% встречалась пневматизированная средняя носовая 
раковина, в 22% – пневматизированный петушиный гребень.
Заключение. Анатомическая характеристика решетчатой кости как 
элемента полости носа, околоносовых пазух, внутреннего основания 
черепа, глазницы имеет важное значение для выбора оптимального хи-
рургического доступа, в частности при эндоскопическом эндоназальном 
вмешательстве.
Ключевые слова: решетчатая кость, решетчатый лабиринт, компьютер-
ная томография, анатомия.
Конфликт интересов: не заявлен.

Anatomical characteristics of the labyrinth and cock crest 
of the human ethmoid bone in the first period of mature 

age according to computer tomography data
Nuriya I. Murtazina, Elena D. Lutsay, Maksim I. Anikin, Ildar R. Uryashev

Orenburg State Medical University (Orenburg, Russian Federation)
Abstract
Aim: to provide an anatomical description of the labyrinth and cock crest of 
the ethmoid bone in humans in the first period of adulthood based on computed 
tomography data.
Material and methods. The object of the study was 60 computed tomograms 
of the skull of people in the first period of mature age (22-35 years old - 
men, 21-35 years old - women), of different sexes, without pathology of the 
paranasal sinuses.
Results. In the first period of mature age, the value of the anteroposterior 
size of the labyrinth of the ethmoid bone on the right was 36.39±4.25 mm, 
on the left, 36.04±4.44 mm, with a range of values ​​from 28.30 to 46.61 mm. 
The anteroposterior size of the ethmoid labyrinth on the right and left was 
1.4 times greater than the height and 3 times greater than the width. The height 

of the ethmoid labyrinth in females on the right and left was 26.72±3.29 mm 
and 27.32±3.39 mm, respectively, and was significantly greater than this 
indicator in males. The height and anteroposterior size of the cock crest in the 
studied group were equal, amounting to 13.98±3.76 mm and 13.39±2.63 mm, 
respectively, and were 3 times greater than its width. In 25%, a pneumatized 
middle nasal concha was observed, and in 21%, a pneumatized cock crest.
Conclusion. The anatomical characteristics of the ethmoid bone, as an element 
of the nasal cavity, paranasal sinuses, internal base of the skull, and orbit, are 
of great importance for choosing the optimal surgical approach, in particular 
in endoscopic endonasal intervention.
Keywords: ethmoid bone, ethmoid labyrinth, computed tomography, anatomy.
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 INTRODUCTION

The ethmoid bone is one of the cerebral cranium bones. 
It is involved in the formation of the topographically 

important areas of the cranium: anterior cranial fossa, 
nasal cavity and the eye socket. Therefore, it is one 
of the surgical access pathways for ophthalmologists, 
otorhinolaryngologists, neural and maxillofacial surgeons. 
At the same time, the pathologies necessitating surgical 
treatment are rather frequent.

The defects of the ‘roof’ of the ethmoidal labyrinth occur in 
27–30% of the cases. They are accompanied with liquorrhea 
nasalis, pneumocephalus, may be complicated with meningitis 
and lead to a fatal outcome. According to E.V. Shelesko [1, 2], 
in 70% cases spontaneous defects of the ‘roof’ of the ethmoidal 
labyrinth are found, in 23%, traumatic defects, and in 7%, 
iatrogenic defects.

In the ophthalmologic practice, subcutaneous emphysema 
of the eyelid often stems from damages of the orbital plate of 
the ethmoid bone, less frequently, damage of the orbital wall 
in the area of the frontal sinus or behind the lacrimal sac [3]. 
The incidence of emphysema of the eyelid in patients after 
dacryocystorhinostomy for chronic dacryocystitis is 1% (22 
cases out of 2011).

A type of benign tumors of the paranasal sinuses that require 
surgical treatment is the osteoma. In the frontal sinuses, the 
osteoma is localized in 52–80% cases, while in 15–22% it is 
found in the ethmoid labyrinth [4–6].

Study of the specifics of the anatomic and sexual variation, 
study of variant anatomy of the ethmoid bone, including 
applied aspects thereof, are included in the profile of the 
specialization 3.3.1. “Anatomy and anthropology” (medical 
sciences). There are works on the anatomy of the ethmoid bone 
for various cranial types. A relationship has been established 
between the morphology of the ethmoid labyrinth cells and 
their spatial arrangement, on the one hand, and the shape of 
the cranial base and the facial skeleton, on the other. This 
should be taken into account when planning endonasal surgical 
interventions [7]. The work of I.V. Gayvoronsky [8] focuses 
on the age anatomy of the ethmoid bone in children aged 1 
to 21 and established a significant increase in the size of the 
ethmoid bone in the age group of 13–16 years.

The complex topographic location of the ethmoid bone 
within the skull makes it difficult to study using classical 
anatomical methods. Computed tomography allows for the 
assessment of the structure of the cribriform plate, the crista 
galli, the configuration and depth of the olfactory fossae, 
the structures of the ostiomeatal complex, the relationship 
between the ethmoid cells and the nasal turbinates and nasal 
cavity, and also enables morphometric analysis of these 
structures [9, 10].

 AIM
To provide an anatomical description of the labyrinth and 

cock crest of the ethmoid bone in humans in the first period of 
adulthood based on computed tomography data.

 MATERIAL AND METHODS
The object of the study were 60 CT scans of the cranium 

of individuals of the first period of mature age (men of 22–
35, women of 21–35 years old) and both sexes (30 men, 30 
women). The sampling was random and representative. The 
patients underwent computed tomography due to suspected 
pathology of the brain.

The study excluded individuals with CT signs of 
pathological process in paranasal sinuses, or history of injury 
or surgery on paranasal sinuses (data confirmed by medical 
documents).

The study was performed using a Toshiba Aquilion LB 
16 (Canon, Japan) multislice computed tomography scanner 
with multiplanar reconstruction (axial, coronal, and sagittal 
projections) and a slice thickness of 0.5 mm. Technical 
parameters of the CT scanner: tube voltage: 130 kV, tube 
current: 130 mA, collimation: 0.7 mm.

The cranial Ct scans were used to measure the height, 
width, anteroposterior dimension of the ethmoid labyrinth on 
the right and on the left. The height of the ethmoid labyrinth 
was measured as the distance from the anterior edge of the 
cribriform plate to the lower edge of the middle nasal concha 
on the right and left sides. The width of the ethmoid labyrinth 
was measured as the distance from the most distant point of 
the orbital plate of the ethmoid labyrinth to the medial edge 
of the middle nasal concha on the right and left sides. The 
anteroposterior dimension of the ethmoid labyrinth was 

Figure 1. Computer tomogram of the skull, axial projection. 
Labyrinth of the ethmoid bone. Gender: male, age: 22 years.
Рисунок 1. Компьютерная томограмма черепа, аксиальная 
проекция. Лабиринт решетчатой кости. Пол мужской, 
возраст 22 года.
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defined as the length of the middle nasal concha along its 
attachment on the right and left sides [8]. Linear parameters of 
the crista galli were studied: its width was measured on coronal 
CT scans, while its height and anteroposterior dimension at 
the base were measured on sagittal scans.

Statistical data processing was performed using 
Statistica 6.0 software on a personal computer. Initially, the 
distribution pattern of the quantitative variables was assessed 
by constructing distribution histograms and calculating the 
Shapiro–Wilk test. The quantitative data were found to follow 
a normal distribution; therefore, the arithmetic mean (X) was 
calculated to describe central tendency, and the standard 
deviation (Sx) was used to describe variability. The data are 
presented as “X ± Sx”.

 RESULTS AND DISCUSSION
The labyrinth of the ethmoid bone has a complex structure. 

In the axial CT scans, the ethmoid labyrinth is represented with 
cells separated by thin bone plates (Fig. 1). The shapes of the 
cells vary from slit to oval and multifaceted. The number of 
cells varies from 8 to 16, and on CT scans, they are positioned 
in several rows.

The morphometry of the height and width of the ethmoid 
labyrinth is analyzed on the CTs in the coronary projection 
(Fig. 2, 3). In the first period of mature age, the height of 
the ethmoid labyrinth on the right was 25.82±3.19 mm, on 
the left, 26.18±3.42 mm with the widest range of values on 
the left from 16.60 to 35.10 mm. No significant bilateral 
difference in the values of the height of the ethmoid labyrinth 
was found. The value of the width of the ethmoid labyrinth 
from the right and left were comparable at 11.87±1.47 
mm and 11.90±1.81 mm, respectively (with the range of 
values of 7.7–16.9 mm). The anteroposterior dimensions 
of the ethmoid bone on the right were 36.39±4.25 mm, on 
the left, 36.04±4.44 mm (range: 28.30 to 46.61 mm). The 
anteroposterior dimensions of the ethmoid labyrinth on the 
right and left were 1.4 times higher than the height and 3 
times higher than the width.

The dimensions of the ethmoid labyrinth were analyzed 
depending on the sex. As follows from Table 1, there are 
significant differences in the height of the ethmoid labyrinth. 
The height of the labyrinth of the ethmoid bone was higher in 
women: on the right, 26.72±3.29 mm, on the left, 27.32±3.39 
mm (range: 19.40 to 35.10 mm). This aligns with the data of 
O.V. Mareev [11]. In the age group of 18–65 years, the height 
of the ethmoid labyrinth is also higher in women at 28.5±1.3 
mm, while in men this parameter was 25.7±0.6 mm. The 
anteroposterior dimensions of the labyrinth of the ethmoid bone 
were higher in women: on the right, 36.76±4.37 mm, on the left, 
36.50±3.99 mm (range: 28.30 to 43.61 mm). The width of the 
ethmoid labyrinth in the first mature age period was greater in 
men: on the right, 12.25±1.71 mm, on the left, 12.28±2.02 mm.

In men, the value of the anteroposterior dimensions of the 
ethmoid labyrinth on the right and left were 1.4 times higher 
than the height and 2.9 times higher than the width. In women, 
the value of the anteroposterior dimensions of the ethmoid 
labyrinth on the right and left were 1.3 times higher than the 
height and 3.1 times higher than the width.

The analysis of coronal projection CTs of the cranium 
revealed that the pneumatized middle nasal concha was 
found in 25% cases. In 93% cases, middle nasal conchae were 

Figure 2. Computer tomography of the 
skull, coronal projection. Determination of 
the height of the ethmoid labyrinth. Gender: 
male, age: 33 years.
Рисунок 2. Компьютерная томограмма 
черепа, коронарная проекция. 
Определение высоты решетчатого 
лабиринта. Пол мужской, возраст  
33 года.

Figure 3. Computer tomography of the skull, 
coronal projection. Determination of the width 
of the ethmoid labyrinth. Gender: male, age: 
33 years.
Рисунок 3. Компьютерная томограмма 
черепа, коронарная проекция. 
Определение ширины решетчатого 
лабиринта. Пол мужской, возраст 33 
года.

Figure 4. Computer tomography of the skull, 
coronal projection. Pneumatized middle nasal 
concha (yellow stars). Gender: male, age:  
29 years.
Рисунок 4. Компьютерная томограмма 
черепа, коронарная проекция. 
Пневматизированные средние носовые 
раковины (желтые звездочки). Пол 
мужской, возраст 29 лет.

Value Total (n=60) Men (n=30) Women 
(n=30)

Ethmoid labyrinth on the right

Height 25.82±3.19 24.71±2.60* 26.72±3.29*

Width 11.87±1.47 12.25±1.71 11.56±1.20

Anteroposterior dimensions 36.39±4.25 35.93±4.19 36.76±4.37

Ethmoid labyrinth on the left

Height 26.18±3.42 24.77±2.98* 27.32±3.39*

Width 11.90±1.81 12.28±2.02 11.59±1.59

Anteroposterior dimensions 36.04±4.44 35.47±5.00 36.50±3.99

Note:* significant differences at p < 0.05. 
Примечания: * – достоверные различия при p <0,05.

Table 1. Dimensions of the labyrinth of the ethmoid bone in humans 
in the first period of adulthood, mm
Таблица 1. Размеры лабиринта решетчатой кости человека в 
первом периоде зрелого возраста, мм
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simultaneously pneumatized bilaterally (Fig. 4). The incidence 
rate of the pneumatized middle nasal concha in men was 27%, 
in women, 23% (Fig. 5).

The crista galli is located along the midline above 
the cribriform plates and represents a continuation of the 
perpendicular plate of the ethmoid bone. Its anterior end is 
short and thickened, articulating with the frontal bone by 
means of two small wings, thereby closing the foramen cecum. 
The falx cerebri attaches to the curved posterior end of the 
crista galli.

CT scans allow morphometry of parameters of the 
crista galli. It is seen from Table 2 that the height and the 
anteroposterior dimensions of the crista galli at the base are 
the same: 13.98±3.76 mm and 13.39±2.63 mm, respectively. 
According to the study of O.Yu. Aleshkina [12], in the age 
group of 22–60 years, the anteroposterior dimensions of the 
crista galli are 3.5 mm greater than its height at 17.8±0.2 mm. 
The width of the crista galli in the first mature age period 
was 4.51±1.10 mm (greater than the values obtained in the 
study of O.Yu. Aleshkina: 3.8±0.2 mm). The height and the 
anteroposterior dimension of the crista galli in the study group 
was 3 times greater than its width.

The analysis of the dimensions of the crista galli depending 
on the sex revealed that its height and anteroposterior 
dimensions were greater in men. The height of the crista galli 
in men was 14.92±3.44 mm, while the greatest variations in 
its height were found in women: from 6.80 to 24.50 mm. 
Significant differences in the values of the anteroposterior 
dimensions were found, with the value being greater in 
men. The width of the crista galli in women was 4.60±0.91 
mm (range: 3.20 to 6.31 mm). The values of the height and 
anteroposterior dimensions of the crista galli in men were 3.3 
times greater than its width. The height of the crista galli in 
women was 2.8 times greater than its width, and 2.6 times 
greater than the anteroposterior dimensions.

Pneumatization of the crista galli in the first period 
of the mature age was 22% (Fig. 6). The incidence rate of 
pneumatization of the crista galli in women was 77%, in men, 
23% (33% of the total number of women, 10% of the total 

number of men). According to the study of I.V. Gaivoronsky 
[8], pneumatization of the crista galli is more often seen in 
children aged 8–12 years (82.4%).

 CONCLUSION
Morphometric analysis of the ethmoidal labyrinth in the 

entire study group revealed no bilateral differences between 
the right and left sides. Significant differences in ethmoidal 
labyrinth height were found depending on sex, with greater 
labyrinth height observed in women.

Quantitative analysis of the crista galli showed comparable 
values for its height and anteroposterior dimension at the 
base. Significant sex‑related differences were found for the 
anteroposterior dimension at the base of the crista galli, with 
greater values in males. The frequency of pneumatization of 
the crista galli in the study group was 22%.

Thus, the anatomical characterization of the ethmoid bone 
as a component of the nasal cavity, paranasal sinuses, internal 
skull base, and orbit is of crucial importance for selecting 
the optimal surgical approach, particularly in endoscopic 
endonasal interventions.  
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Figure 5. Frequency of occurrence of pneumatization of the middle 
nasal concha in individuals in the first period of mature age, %.
Рисунок 5. Частота встречаемости пневматизации средних 
носовых раковин у лиц первого периода зрелого возраста, %.

Figure 6. Computer tomography of the skull, coronal projection. 
Pneumatized crista galli. Gender: male, age: 31 years.
Рисунок 6. Компьютерная томография черепа, коронарная 
проекция. Пневматизированный петушиный гребень. Пол 
мужской, возраст 31 год.

Value Total (n=60) Men (n=30) Women 
(n=30)

Height of the crista galli

X±Sx 13.98±3.76 14.92±3.44 13.21±3.92

Min 6.31 6.31 6.80

Max 24.50 22.10 24.50

Width of the crista galli

X±Sx 4.51±1.10 4.40±1.32 4.60±0.91

Min 2.60 2.60 3.20

Max 7.31 7.31 6.31

Anteroposterior dimension of the crista galli at the base

X±Sx 13.39±2.63 14.71±2.57* 12.32±2.21*

Min 8.71 10.51 8.71

Max 19.00 19.00 17.60

Note:* significant differences at p < 0.05.
Примечания: * – достоверные различия при p <0,05.

Table 2. Dimensions of the human crista galli in the first period of 
adulthood, mm
Таблица 2. Размеры петушиного гребня человека в первом 
периоде зрелого возраста, мм
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Сравнительный анализ морфометрических 
параметров стопы и общих антропометрических 

характеристик детей 6 лет с нормальной  
и избыточной массой тела

Л.Н. Петухова, А.В. Маргарян, Е.А. Томилова, А.А. Ткачук
ФГБОУ ВО «Тюменский государственный медицинский университет»  

Минздрава России (Тюмень, Российская Федерация)
Аннотация
Цель: изучить влияние массы тела на динамику антропометрических 
показателей, соматотипа и морфофункционального состояния стоп у 
детей шести лет.
Материал и методы. Обследовано 262 ребенка 6 лет (123 девочки, 
139 мальчиков), разделенных на группы с нормальной (НМТ) и избы-
точной (ИзМТ) массой тела. Проведена антропометрия с расчетом ин-
дексов (Вервека, Пинье, Бругша), калиперометрия для оценки толщины 
кожно-жировых складок (КЖС) и компьютерная плантография стоп. 
Статистический анализ выполнен в SPSS 26.0.

Результаты. Выявлены статистически значимые различия (p <0,001) 
между группами НМТ и ИзМТ по всем антропометрическим параметрам. 
Расчетные индексы показали преобладание мезо- и брахиморфных при-
знаков у детей с ИзМТ и более крепкое телосложение соответственно. 
Суммарная толщина КЖС у детей с ИзМТ значимо превышала показатели 
детей с НМТ (p <0,001). Плантографическое исследование показало, что у 
детей с НМТ уплощение стопы сопровождается увеличением ее ширины в 
среднем отделе и в области пятки (p <0,01). В группе ИзМТ ширина стопы 
изначально выше, а при уплощении значительно увеличивается длина 

Comparative analysis of morphometric  
parameters of the foot and general anthropometric 
characteristics of 6-year-old children with normal  

and excessive body weight
Lyudmila N. Petukhova, Artur V. Margaryan, Evgeniya A. Tomilovа, Anna A. Tkachuk

Tyumen State Medical University (Tyumen, Russian Federation) 
Abstract
Aim: to study the effect of body weight on the dynamics of anthropometric 
indicators, somatotype, and morphofunctional condition of the feet in six-
year-old children.
Material and methods. 262 6-year-old children (123 girls, 139 boys) were 
examined, divided into groups normal with normal (NBW) and excessive 
(EBW) body weight. Anthropometry was performed with the calculation of 
indices (Verveck, Pinier, Brugsch), the skinfold thickness (SFT) was assessed 
using caliperometry, and computer plantography of the feet was performed. 
Statistical analysis was conducted in SPSS version 26.0. Data are presented 
as medians with interquartile ranges (Q1; Q3), and group differences were 
evaluated at p <0,05.
Results. Statistically significant differences (p <0.001) were found 
between the NBW and EBW groups in all anthropometric parameters. The 
calculated indices showed the predominance of meso- and brachymorphic 
traits in children with excessive body weight and a stronger physique, 
respectively. Skinfold thickness was markedly higher in the EBW group 
across all measured sites (p <0.001). A plantographic study showed that in 

children with normal weight, foot flattening is accompanied by an increase 
in its width in the middle and heel regions (p <0.01). In the EBW group, 
the foot width was initially higher, and with flattening, the foot length 
increased significantly in boys (p <0.001). At the same time, the width in 
the heel area did not change statistically significantly with arch flattening 
(p >0.05) in the EBW group, remaining wider both in the normal state 
and with flattening.
Conclusion. The results of the study confirm the systemic effect of overweight 
on anthropometric parameters, somatotype and morphofunctional state of feet 
in children aged six years. The presence of a pronounced plantar fat cushion 
in children with EBW distorts the plantographic picture, creating a “masking 
effect” and requiring a differentiated approach to diagnosis.
Keywords: anthropometry, plantography, caliperometry, 6-year-old children, 
overweight, body mass index, foot morphology.
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 INTRODUCTION

In the past decades, healthcare all around the world registers 
a continued growth of excess body weight (EBW) and 

obesity among people, and rapid growth of these values 
among children, especially in the early and pre-school age, 
is especially alarming [1, 2]. This phenomenon has reached 
the scale of a global epidemic and is recognized as a serious 
public health problem, as it is associated with an increased 
risk of developing cardiovascular diseases, certain cancers, 
type 2 diabetes mellitus, as well as musculoskeletal disorders 
and diseases that progress with age [3-7].

One of the key elements of the locomotor system that is 
exposed to increased loads in the events of EBW is the foot 
[8]. The increase of body weight leads to changes in the 
biomechanics of gait, redistribution of load exercised on the 
foot resulting in the risk of deformation of the arch of the 
foot [9, 10]. The importance of analyzing the effect of EBW 
on the condition of the foot in the childhood stems from the 
continued growth and development of the musculoskeletal 
system, as well as potential possibility of prevention of 
development of irreversible deformations. Plantography is 
one of the affordable and non-invasive methods of studying 
of the foot that provides objective data on its anatomic and 
functional condition. The use of plantography allows for 
the assessment of distribution of load on different sections 
of the foot, identify status of flat foot, and determine other 
deformations of the foot [11]. Contemporary scientific 
publications present the data, according to which children 
with EBW demonstrate a more manifested flattening of 
the longitudinal arch of the foot as compared to children 
with a normal body weight [12, 13]. At the same time, 
despite the existing data, the question of specific changes of 
plantographic parameters of the foot in children with EBW 
aged 6 years still needs more attention. It requires further 
research to specify mechanisms of effects of EBW on the 
formation of arches of the foot and to develop effective 
prevention measures. The analysis of the problem is of 
special importance for children aged 6, when the processes 
of the foot arch formation are highly active, and when the 
child is preparing for their education at school, which entails 
significant static loads [14]. 

AIM
To study the effect of body weight on the dynamics of 

anthropometric indicators, somatotype, and morphofunctional 
condition of the feet in six-year-old children.

 MATERIAL AND METHODS
The study involved examination of 262 children aged 6 

years attending preschool educational institutions of Tyumen 
(123 girls and 139 boys) divided into groups of normal body 
weight (NBW) (99 boys, 90 girls) and excessive body weight 
(EBW) (40 boys, 33 girls).

Inclusion criteria: preschool age group of 6 years, I-II 
health status group, ho history of chronic somatic illnesses as 
of the moment of study, availability of informed consent for 
the study obtained from parents or representatives at law. The 
study is approved by the resolution of the Ethics Committee 
of Tyumen State Medical University and is performed under 
the approved protocol No. 127 dated 04.03.2025, voluntary 
informed consent of parents or guardians is obtained.

Exclusion criteria: other age group, child being registered 
for regular medical check-up, diagnosis of obesity, lack of 
informed consent for the study from parents or representatives 
at law, refusal from participation in the study, III-V health 
status groups.

A comprehensive assessment of the health status of the 
examined children, followed by classification into health 
groups, was conducted in accordance with the criteria set forth 
in Appendix No. 2 to Order No. 514n of the Ministry of Health 
of the Russian Federation dated August 10, 2017 “On the 
Procedure for Conducting Preventive Medical Examinations 
of Minors”.

The physical development assessment methodology 
included standard anthropometry: measurement of standing 
body height, body weight, chest circumference (CC), and 
calculation of derived indices.

Body mass index (BMI) was calculated as the ratio of body 
weight (BW, kg) to standing body height (BH) squared: BMI 
= BW / BH² × 100.

The Verweck index was calculated as BH / (2BW + CC) 
and was used to determine developmental harmony and 
somatotyping.

стопы больше у мальчиков (p <0,001). При этом в группе ИзМТ ширина в 
области пятки при уплощении свода статистически значимо не менялась 
(p >0,05), оставаясь более широкой как в норме, так и при уплощении.
Выводы. Результаты исследования подтверждают системное влияние 
избыточной массы тела на антропометрические показатели, соматотип 
и морфофункциональное состояние стоп у детей шести лет. Наличие 

выраженной плантарной жировой подушки у детей с ИзМТ искажает 
плантографическую картину, создавая «эффект маскировки» и требуя 
дифференцированного подхода к диагностике.
Ключевые слова: антропометрия, плантография, калиперометрия, дети 
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The Pignet index was calculated as BH – (BW + CC), i.e., 
standing body height minus the sum of body weight and chest 
circumference.

The Brugsch index (chest proportionality) was calculated 
as (CC × 100) / BH.

To determine the thickness of the skinfolds, caliperometry 
was performed at four sites according to the method described 
by C. Brook. Measurements were taken over the triceps and 
biceps muscles of the arm, in the subscapular region, and above 
the iliac crest along the anterior axillary line. The obtained data 
were analyzed using centile tables appropriate for the age and 
sex of the study participants [15].

The study also comprised plantographic measurements 
performed with a computer plantograph “PCS-01” (Russia). 
In the course of measurements, the following indices were 
calculated: Chizhin Index = (b)/(a), where b is the width of 
the print in the medial section (mm), a is the width of the arch 
notch (mm); interpretation: 0–1.0 in the norm; 1.1–2.0 is the 
flattened foot; Shtriter Index = (b)/(W) × 100%, where b is 
the width of the stained midfoot region (mm), W is the total 
width of the foot in the same area (mm); interpretation: 43 … 
50 for normal foot, 50 … 60 for flattened foot. Additionally, 
plantometric parameters of the foot were determined, including 
foot length, foot width at mid-length, and foot width at the heel 
region, all measured in millimeters.

Statistic processing of the obtained materials was performed 
in the statistics software suite SPSS 26.0. Data are presented 
as medians and interquartile ranges (25th–75th percentiles), 
as preliminary analysis (Shapiro–Wilk test, histograms, Q–Q 
plots) revealed asymmetric distribution, multimodality, and 
the presence of outliers. Comparisons between the normal 
foot (NF) and flattened foot (FF) groups were performed 
using nonparametric methods due to deviation of the data 
from a normal distribution. The critical level of assessment of 
statistical significance of results was set at p < 0.05.

 RESULTS
At the first stage of the study, a comprehensive health 

assessment was conducted in 262 six‑year‑old children. A 
significant percentage of children with excessive body weight 
was identified: 33 girls (12.8%) and 40 boys (15.5%). These 

findings are consistent with current statistics showing a steady 
increase in the number of children with overweight and obesity 
[1, 2]. The study also included a separate analysis of key 
anthropometric parameters of children with excessive body 
weight and their comparison with similar metrics of the normal 
body weight group. Statistically significant differences were 
established in the majority of parameters (Table 1). Thus, while 
the body weight of girls from the NBW group was 21.2 (19.3; 
23.3) kg, which meets the average age values (50–75th centile 
corridor), the median body weight of girls from the EBW 
group was 25.3 (24.4; 26.3) kg (p < 0.001), which aligns with 
the region of the 90–97th centile. A similar trend was seen in 
boys (p < 0.001). The values of body height also demonstrated 
significant differences. Children from the EBW group were 
taller than their peers with normal weight (p < 0.001). The CC 
was expectedly higher in the EBW group both among boys 
and girls (p < 0.001). The median value of BMI among boys 
in the NBW group was 15.8 (14.3; 16.8) kg/m², while in the 
EBW group this value was statistically significantly higher: 
18.0 (17.4; 18.4) kg/m² (p < 0.001). The similar statistically 
significant difference was registered among girls. Special 
interest lies in the analysis of calculated indices characterizing 
the somatotype. The Verweck index, which reflects the ratio of 
longitudinal to transverse body dimensions, was significantly 
lower in the EBW group, with a median of 1.08 (1.06–1.10) 
for both sexes (p < 0.001), whereas in the NBW group it 
ranged from 1.17 to 1.18. A decrease in this index indicates a 
predominance of mesomorphic and brachymorphic features in 
children with excess body weight. This is further supported by 
the Pignet index, which characterizes body build robustness. 
Among boys with EBW, the median Pignet index was 32.4 
compared with 38.1 in the NBW group (p < 0.001). The 
differences were also highly pronounced in girls (p < 0.001). 
Lower Pignet index values in the EBW group indicate a more 
robust and solid physique. The Brugsch index, which assesses 
chest proportionality relative to height, showed a significant 
increase in boys from the EBW group (52.0 vs. 49.6 units; p 
< 0.001), indicating chest widening. A similar trend toward 
an increase in this index was observed in girls with EBW (p < 
0.001). Thus, six‑year‑old children with EBW not only have 
greater body weight but also differ from their peers by being 

Parameter groups Values Sex NBW group (n=189) EBW group (n=73) p-value

Anthropometric values

Body height (cm) B
G

117.8 (113.2; 120.3)
115.3 (114.1; 117.2)

118.7 (116.3; 122.1)
118.2 (116.1; 119.3) < 0.001

Body weight (kg) B
G

21.3 (19.2; 24.3)
21.2 (19.3; 23.3)

25.2 (24.3; 27.30)
25.3 (24.4; 26.3) < 0.001

CC (cm) B
G

58.5 (56.5; 61.5)
57.3 (56.3; 59.3)

61.3 (58.3; 63.3)
59.0 (58.0; 61.0) < 0.001

Calculated indices

Verweck (rel. units) B
G

1.17 (1.15;1.19)
1.18 (1.16;1.19)

1.08 (1.06;1.10)
1.08 (1.06;1.10) < 0.001

Pignet B
G

38.1 (32.6; 43.5)
37.6 (35.2; 41.6)

32.4 (29.2; 36.3)
33.2 (31.3; 35.30 < 0.001

Brugsch (rel. units) B
G

49.6 (47.0;53.3)
50.0 (48.1;52.1)

52.0 (48.8; 54.80)
51.0 (49.0; 53.0) < 0.001

BMI, kg/m2 B
G

15.8 (14.3; 16.8)
15.7 (14.1; 16.7)

18.0 (17.4; 18.4)
18.1 (17.9; 18.6) < 0.001

Notes: BMI – body mass index, NBW – normal body weight, EBW – excessive body weight, CC – chest circumference. The differences are significant (p <0.05) 
when comparing between groups (NBW and EBW).
Примечания: ИМТ – индекс массы тела, НМТ – нормальная масса тела, ИзМТ – избыточная масса тела, ОГК – окружность грудной клетки. 
Различия значимы (p <0,05) при сравнении между группами (НМТ и ИзМТ).

Table 1. Comparative anthropometric parameters and indices of physical development in 6-year-old children across different body weights, 
Me (Q1; Q3)
Таблица 1. Сравнительная характеристика антропометрических показателей и индексов физического развития детей 6 лет с 
различной массой тела, Ме (Q1; Q3)
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taller and having a specific somatotype with a predominance 
of transverse trunk dimensions, which creates additional 
mechanical load on the musculoskeletal system. 

On the second stage of the study, detailed analysis of fat 
deposition was performed using caliperometry. The analysis 
of skinfold thickness confirmed the statistically significant 
prevalence of subcutaneous fat deposition in the EBW group 
across all the studied anatomical sites. Especially manifested 
differences were registered in the total skinfold thickness value 
(Table 2). Among the girls from the EBW group, the total 
skinfold thickness was 46.3 (45.6; 47.1) mm, which is 1.7 
higher than the values from the NBW group: 26.6 (26.4; 26.7) 
mm (p < 0.001). Among the boys, a significant increase of fatty 
component in the EBW group is seen, although the increase 
was somewhat lower than among the girls.

A comparative analysis of plantographic metrics in the 
NBW group showed a statistically significant change in the 
morphometric parameters of the foot at the flattening of the 
longitudinal arch (LA) (Table 3). It was found that the foot arch 
deformation in the flatfoot (FF) group was accompanied with a 
significant ‘flattening’ of the foot. Among boys, a statistically 
significant increase of the foot length was registered (p < 
0.001). Among girls, a trend for the foot length increase was 
also seen: 197.0 (194.8; 199.2) mm for the normal foot (NF), 
whereas with the flattening of the arch, the value increased to 
198.9 (193.8; 203.9) mm; however, the differences were at the 
borderline of statistical significance (p = 0.060). A statistically 
significant increase of the foot width was registered in the 
midfoot region. The width of the foot in the mid region in 
the FF group increased by more than 22% as compared to 
the NG group among boys (p = 0.003), and girls (p < 0.001). 
An increase of width in the heel region was also registered 

in both sex groups, (p < 0.001) among boys and (p = 0.025) 
among girls. The application of standard indices to assess the 
condition of the arches demonstrated a significant increase of 
their deformation in the FF group. The Chizhin index, whose 
median in the NF group was 0.84, increased with the flattening 
of the arch, reaching 1.53 among boys and 1.54 among girls (p 
< 0.001), which aligns with a marked flattening. The Shtriter 
index demonstrated a similar trend: in the FF group, the value 
of this parameter statistically significantly exceeded the values 
in the NF group, reaching 54.8% among boys and 53.8% 
among girls (p < 0.001). Thus, among six-year-old children 
with normal body weight the plantographic method allowed 
for a statistically significant identification of the flattening of 
the arch. The deformation is characterized not only with the 
change in the calculated indices, but also with the statistically 
significant increase of all linear parameters of the foot, which 
shows a decrease of its shock-absorbing function and an 
increase of the contact of the sole with the supporting surface.

The analysis of plantograms of six-year-old children 
with excessive body weight allowed for determination of 
characteristic changes in the morphology of the foot that stem 
from the flattening of its arches (Table 4). Among boys with 
EBW and flattened foot, statistically significant increase of 
foot length was registered in comparison to the EBW group 
with normal foot (p < 0.001). Among girls, a statistically 
significant elongation of the foot was also registered, however, 
the difference of medians was less manifested (p = 0.028). 
The most significant changes were registered in the analysis 
of the foot width in the midfoot region. In children of either 
sex with excessive body weight and flattened foot, this value 
increased (p < 0.001). Notably, even in the normal foot group 
the foot width of children with excessive body weight was 
high on the baseline level at 59.7 (58.3; 62.6) mm, which was 
higher than the mean values in children with normal body 
weight, which is explained by the presence of excessive fatty 
tissue. Unlike that of the midfoot region, the width of the heel 
region did not undergo statistically significant changes in the 
flattening of the arch neither in boys (p = 0.208), nor in girls 
(p = 0.368). It is to be remembered, however, that the value 
is significantly higher than in the similar groups of children 
with normal body weight. This indicates that in children with 
EBW the foot adaptation to loads occurs mainly at the cost 
of the midfoot region. In the transition from the NF to FF, 
the Chizhin index increased: in boys, to 1.88 (1.82; 1.92), in 
girls, to 1.85 (1.72; 1.92) (p < 0.001). A similar statistically 

Parameter groups Values Sex NF group (n=78) FF group (n=59) p-value

Anthropometric values (mm)

Foot length B
G

197.4 (195.8; 199.2)
197.0 (194.8; 199.2)

199.7 (197.7; 201.8)
198.9 (193.8; 203.9) <0.0010.060

Foot width (midfoot) B
G

52.7 (52.2; 53.2)
52.3 (49.2; 55.2)

64.5 (63.3; 66.1)
64.3 (60.6; 66.8) 0.003<0.001

Foot width (heel) B
G

47.2 (45.8; 49.1)
46.2 (45.8; 48.2)

48.2 (46.2; 50.2)
47.1 (45.1; 49.8) <0.0010.025

Calculated indices
Chizhin B

G
0.84 (0.77; 0.91)
0.84 (0.72; 0.99)

1.53 (1.47; 1.61)
1.54 (1.22; 1.82) <0.001

Shtriter, % B
G

45.4 (44.7; 46.1)
45.8 (43.2; 48.2)

54.0 (51.6; 59.2)
53.8 (53.2; 54.3) <0.001

Notes: NF – normal foot, FF – flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
Примечания: НС – нормальная стопа, УС – уплощенная стопа. Различия значимы (p <0,05) при сравнении между группами (НС и УС).

Table 3. Morphometric parameters of the foot in 6-year-old children with normal body weight, depending on the condition of the longitudinal 
arc, Ме (Q1; Q3)
Таблица 3. Морфометрические параметры стопы у детей 6 лет с нормальной массой тела в зависимости от состояния 
продольного свода, Ме (Q1; Q3)

Sex NBW group (n=189) EBW group (n=73) p-value

Boys 23.0 (22.5; 23.5) 37.3 (35.7; 37.9) < 0.001

Girls 26.6 (26.4; 26.7) 46.3 (45.6; 47.1) < 0.001

Notes: NBW – normal body weight, EBW – excessive body weight. The 
differences are significant (p <0.05) when comparing between groups (NBW 
and EBW).
Примечания: НМТ – нормальная масса тела, ИзМТ – избыточная масса 
тела. Различия значимы (p <0,05) при сравнении между группами (НМТ 
и ИзМТ).

Table 2. Total skinfold thickness (mm) in 6-year-old children based 
on caliperometry data, Ме (Q1; Q3)
Таблица 2. Суммарные показатели толщины кожно-жировых 
складок (мм) у детей 6 лет по данным калиперометрии, Ме 
(Q1; Q3)
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significant trend was registered for the Shtriter index. Its 
median values in the FF group increased to 58.2–58.0% in 
boys and girls, respectively, vs. 48.8–46.2% in the NF group 
(p < 0.001). The high values of the calculated indices in the 
NF group point at morphological remodeling of the foot that 
occurs on the background of initially increased transversal 
dimensions (due to the fatty component).

 DISCUSSION
The results of the study identified a systemic impact of 

excessive body weight on the morpho-functional characteristics 
of children’s organisms in the first growth spurt period. The 
comprehensive analysis showed that six-year-old children with 
excessive body weight not only have quantitative differences 
in the body weight but also the qualitative specifics of the 
somatotype. The statistically significant decrease of the 
Verweck and Pignet indices in the EBW group confirms 
formation of meso- and brachymorphic physique types. 
Higher values of body height and chest circumference in EBW 
children may be interpreted as manifestations of acceleration. 
At the same time, such ‘accelerated’ development creates a 
serious disbalance: the child’s muscular-ligamentous apparatus 
is not ready to increased static and dynamic loads, which is 
first reflected in the condition of the feet. This observation 
fully aligns with the findings of S. Jandova (2024), who 
studies children of early school age and emphasized a direct 
associative correlation between elevated values of BMI and 
incidence rate of flatfoot thus showing inevitable deformation 
of the longitudinal arch of the foot if the force and resilience 
of the ligaments is not sufficient [10]. The caliperometry 
data highlights the scope of the problem: the total skinfold 
thickness in EBW girls is almost double that of their peers 
with NBW. Deposition of subcutaneous fat occurs not only 
in the typical sites but, judging by plantographic data, affects 
the soft tissue of the foot, which is confirmed by the data of C. 
Escalona-Marfil et al. (2023). The work studied morphology 
of feet in children aged 5–10 years and identified statistically 
significant differences in the indices of the position and height 
of the arch of the foot in all weight categories, from weight 
deficit to obesity. The width of the midfoot was most closely 
related to the body weight, and the waist circumference to 
the morphological changes of the feet, which, in its turn, 
emphasizes the importance of central fat deposition and body 
composition for the weight-bearing function of the foot [8]. 
Our findings fully confirm these data: in children with normal 

body weight, the flattening of the arch is accompanied by the 
classic flattening of the foot. The most sensitive parameter was 
the foot width in the mid-region that increased by more than 
11–12 mm in both boys and girls (p < 0.001). It is interesting 
to note that in boys with normal body weight the deformation 
of the arch leads to a significant increase of the foot length (p 
< 0.001), while in girls this trend is only borderline (p = 0.060). 
This might indicate greater rigidity of the foot of the girls in 
longitudinal direction at this age. The excessive body weight 
group demonstrates a radically different morphometric pattern. 
First, the ‘baseline’ width of the foot is noteworthy: in EBW 
children, even with normal foot it is an average 59.7 mm, which 
is 7 mm wider than in their peers with normal body weight. 
This fact is explained by the presence of a pronounced plantar 
fat pad, which increases the footprint area, thereby masking 
the true configuration of the underlying bony structures. This 
‘masking’ effect was mentioned by A.V. Sapogovsky et al. 
(2023), who reported in their studies of children aged from 
7 to 15 (St.-Petersburg), that the plantographic criteria often 
have but a minor correlative linkage with clinical parameters 
(e.g., valgus of the hindfoot or Dowle’s angle) specifically 
due to a mismatch in the form of the foot print and the internal 
osseous structures of the arch [11]. Second, in the flattening 
of the arch in the EBW group, the foot width reaches greater 
values (68.4–68.7 mm). Notably, in this group the foot width 
in the heel region does not undergo significant changes in 
deformation (p > 0.05), while in the NBW group, this value is 
higher. The presence of a marked fat pad in the medial section 
of the foot results in the fact that even with the anatomically 
preserved arch, the print of the foot of EBW children seems 
wider, imitating the flattening. This is further confirmed by the 
fact that the statistical significance of differences of the foot 
width in the heel region between the normal and flattened foot 
in the EBW group is not observed.

Within long-term observations of children aged 7-8 years, 
S. Yan et al. (2023) registered a transition period (BMI in 
the range of 18.6–19.9 kg/m²), when negative changes of gait 
appear, related to changes in the structure of the arch of the 
foot. Above the threshold of 20.8 kg/m2, the height of the 
arch starts rapidly decreasing under the excessive load [13]. 
The calculated podometric indices (Chizhin and Shtriter) in 
our study demonstrated a high statistical significance in all 
groups (p < 0.001). However, the values of the Chizhin index 
in children with EBW and FF were significantly higher than 
in the NBW group. This indicated that the excessive weight 

Parameter groups Values Sex NF group (n=25) FF group (n=31) p-value

Anthropometric values (mm)

Foot length B
G 

199.3 (197.3; 200.3)
198.8 (195.7; 199.8)

202.5 (200.5; 204.5)
200.5 (197.4; 206.1) <0.0010.028

Foot width (midfoot) B
G

59.7 (58.3; 62.6)
59.4 (57.4; 62.2)

68.4 (67.3; 70.1)
68.7 (65.5; 70.6) <0.001

Foot width (heel) B
G

49.2 (47.2; 51.2)
48.8 (46.6; 50.3)

50.5 (47.0; 52.1)
49.2 (47.2; 51.6) 0.2080.368

Calculated indices
Chizhin B

G
0.96 (0.91; 0.99)
0.94 (0.88; 0.98)

1.88 (1.82; 1.92)
1.85 (1.72; 1.92) <0.001

Shtriter, % B
G

48.8 (45.9; 50.0)
46.2 (45.2; 49.9)

58.2 (57.2; 60.0)
58.0 (55.6; 59.9) <0.001

Notes: NF – normal foot, FF – flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
Примечания: НС – нормальная стопа, УС – уплощенная стопа. Различия значимы (p <0,05) при сравнении между группами (НС и УС).

Table 4. Morphometric parameters of the foot in overweight children aged 6 years, depending on the condition of the longitudinal arch, Ме 
(Q1; Q3)
Таблица 4. Морфометрические параметры стопы у детей 6 лет с избыточной массой тела в зависимости от состояния 
продольного свода, Ме (Q1; Q3)
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not only triggers actual lowering of the arch, but artificially 
elevates the values on the plantogram due to the presence of 
the soft tissue component. With that in mind, the findings of 
D.R. Dzhuraev et al. (2024), obtained in the Tyumen Region, 
become especially important. The authors mentioned that in 
the general population of six-year-old children (where the 
flatfoot rate reaches 30%, and flattening rate, 32%) there 
is observed only a weak correlation between the BMI and 
Chizhin and Shtriter indices [16]. In the context of our study, 
this is explained by the presence of the fat pad resulting in 
the elevation of values even with a relatively preserved bony 
arch.  Thus, the morphometry of the foot in children with 
excessive body weight necessitates a differentiated approach, 
since the standard plantographic norms may result in hyper-
diagnostics of pathological conditions due to the effect of the 
body composition on the foot print parameters.

 CONCLUSION
The results of the study demonstrate the six-year-old 

children with EBW significantly differ from their peers 
with NBW in anthropometric parameters, total skinfold 
thickness, and somato-typological indices. In children 
with NBW, the flattening of the foot is accompanied with a 
distinct transformation of its linear parameters, and elevation 
of Chizhin and Shtriter indices. This confirms the high 
diagnostic efficacy of plantography for detecting impairments 

of the shock-absorbing function of the foot in the absence 
of excess body weight. Excessive body weight in six-year-
old children acts as a modifying factor of the morphology 
of the foot, increasing the baseline width of the print in the 
mid-region by 13–14% even with the anatomically preserved 
arch, which is accounted for by the development of the 
subcutaneous adipose layer in the foot region. Excess adipose 
tissue in the medial part of the foot, combined with increased 
body weight pressure, masks the true condition of the arches, 
thereby complicating classical plantographic diagnostics and 
potentially leading to false‑positive results when assessing 
the degree of flatfoot. These findings highlight the need for 
a differentiated approach to evaluating the foot arch status 
in children of this age. During preventive examinations, it 
should be taken into account that excessive body weight is 
not only a risk factor for foot deformity but also a serious 
obstacle to its objective visual diagnostics. This justifies 
the need to develop additional arch assessment criteria for 
children with excess weight. Traditional screening should 
be supplemented with methods that allow differentiation 
between true arch deformity and morphological changes 
caused by excess soft tissue. The age of six years represents 
a ‘window of opportunity’ for correcting these disorders, as 
arch formation is not yet complete, and timely normalization 
of body weight may prevent irreversible musculoskeletal 
changes. 
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Функциональная морфология  
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Аннотация
Дисфункции тазового дна в последнее время являются одной из наиболее 
распространенных проблем. К типичным клиническим проявлениям та-
зовой дисфункции относятся недержание мочи и кала, пролапс тазовых 
органов. Основную роль в этих рисках играет мышечно-фасциальная ос-
нова тазового дна. Признанными потенциальными факторами возникно-
вения тазовой дисфункции являются возраст человека, ожирение, роды.
Проведенный анализ более 50 источников литературы показывает зна-
чимость мышечного, слизистого, подслизистого и сосудисто-нервных 

компонентов прямой кишки для выполнения сфинктерной функции. Эти 
знания позволят клиницистам выполнять диагностические и лечебные 
процедуры с минимальными негативными для пациента последствиями, 
учитывая морфофункциональные особенности каждого из компартмен-
тов сфинктерного аппарата.
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Functional morphology of the sphincter  
apparatus of the rectum
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Yuliya V. Grigoryeva, Galina A. Sevryugina

Samara State Medical University (Samara, Russian Federation)
Abstract
Pelvic floor dysfunction has recently become one of the most common problems. 
Typical clinical manifestations of pelvic dysfunction include urinary and fecal 
incontinence and pelvic organ prolapse. The musculo-fascial structure of the 
pelvic floor plays a major role in these risks. Recognized potential factors for the 
development of pelvic dysfunction include age, obesity, and childbirth.
An analysis of over 50 literature sources demonstrates the importance of 
the muscular, mucosal, submucosal, and vascular-nerve components of the 

rectum in sphincter function. This knowledge will enable clinicians to perform 
diagnostic and therapeutic procedures with minimal adverse effects on the 
patient, taking into account the morpho-functional characteristics of each 
sphincter compartment.
Keywords: external anal sphincter, internal anal sphincter, levator ani muscle, 
muscle fiber.
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 INTRODUCTION

The study of sphincter mechanisms of the human body is 
important not only from a purely theoretical perspective 

but also has great significance for practical medicine. L.L. 
Kolesnikov, who paid special attention to various sphincters 
in his scientific research, identified “sphincterology” as a 
distinct, relevant and promising direction in medicine [1]. 
Among the closing devices, the anal sphincter complex 
occupies a special place [2]. This is due to the high prevalence 
of incontinence, affecting up to 11–15% of adults, more 
frequently in postpartum women and the elderly, which 
significantly impacts quality of life and work capacity [3–16].

Detailed knowledge of the anatomically complex 
architecture of the sphincter system of the rectum is vital for 
the understanding of anorectal and urogenital dysfunctions. 
This knowledge is especially important for surgeons: the 
choice of surgical tactics, decision-making on the possibility 
of performing sphincter-preserving operations require 
understanding of the anatomic and histological composition 
of the sphincter apparatus of the rectum [13–18].

To conduct this review, a literature search was performed 
in the PubMed, Scopus, and RSCI (Russian Science 
Citation Index) databases. The search period spanned 50 
years (1975–2025). Such a broad timeframe is justified 
by the objective of this work: to present a comprehensive 
picture of the morphology of the sphincteric apparatus, 
based both upon fundamental classical studies that laid the 
foundations for understanding the anatomy and histology 
of this area (the works of L.L. Kolesnikov, E.P. Melman, 
A. Shafik), and upon current data obtained using the latest 
imaging techniques (MRI, 3D reconstruction, electron 
microscopy), reflecting an evidence-based perspective 
on the issue.

Monographs were included due to a necessity to describe 
systematic anatomy and established concepts, which are 
rarely presented in their entirety in individual articles. 
Preference was given to sources with a high citation index 
and to works published in peer‑reviewed journals. This 
approach allowed us to trace the evolution of views on the 
structure of the sphincteric complex and to synthesize data 
from different methodological levels, from macroscopic 
anatomy to tissue ultrastructure.

 SPHINCTER APPARATUS  
OF THE RECTUM

Relief and valve organs
Morphologists define the sphincter as a thickening of the 

circumference of the digestive tract; however, the sphincter 
apparatus is not limited to muscular sphincters as executive 
mechanisms but includes relief structures and a system of 
blood vessels capable of regulating the lumen of the organ 
[13–19].

The relief valve devices that provide relative anatomical 
and functional autonomy of the rectum include the 
curvatures of its wall, which are formed in the frontal 
and sagittal planes [1, 13–18]. In the sagittal plane, two 
curvatures are distinguished: the sacral and the perineal. 
The first curvature is located on the anterior surface of the 
sacrum and coccyx, approx. 2 cm in front of the coccygeal 
tip, with its concave side facing the pubic symphysis. The 

second curvature appears as the rectum passes through the 
pelvic diaphragm, where the rectum forms a short arch, 
its concave side directed posteriorly and superiorly. In 
the frontal plane, three curvatures are distinguished. The 
upper curvature is located at the transition of the sigmoid 
colon into the ampulla; the middle curvature lies in the 
middle of the ampulla and is oriented to the right; the 
lower curvature is situated on the left, immediately above 
the pelvic floor.

The next system involved in the valve function is the 
longitudinal and the transverse folds of the mucosal lining 
of the rectum formed due to the presence of o bundles of 
elastic fibers and smooth myocytes in the submucous layer 
[18–21]. Among the transversely oriented folds, three are 
most prominent: the superior, middle and inferior, located 
in the ampullary part of the rectum. The superior and the 
inferior folds are located on the left and the middle, on the 
right semi-circumference of the rectum. The middle fold, 
having more smooth myocytes than the other flaps, is most 
developed [13]. The folds merge into one another in a spiral 
fashion, providing a certain degree of support for fecal 
matter. During defecation, these relief structures convey 
a rotational movement to the intestinal contents, which 
prevents too rapid passage of feces toward the anal canal, 
facilitates water absorption, and promotes the formation of 
formed stool [17–20].

Longitudinal folds of the rectal mucosa located closer to 
the anal canal, known as anal columns, also contribute to 
the valve function of the rectum. Their number varies from 
4 to 12, and in the distal part the anal columns are connected 
with a mucosal lining fold called the anal valve. As a result, 
longitudinally oriented anal (Morgani) crypts are formed, 
or sinuses bounded from the inferior by semilunar anal 
valves, that E.P. Melman and I.G. Datsun refer to as valves 
[23]. These valves form a ridge, the free edge of which is 
designated as the dentate (pectinate) line, which serves as 
the border between the columnar and the intermediate zones 
of the anal canal. In addition to the permanent (anatomical) 
transverse folds, numerous temporary (physiological) 
longitudinal folds can also be observed [24].

Muscle component. Internal anal sphincter
The muscle closure devices themselves are formed by 

two sphincters, the internal and the external. The internal 
anal sphincter, composed of smooth muscle, is essentially 
a thickening of the inner circular muscle layer of the rectal 
wall. This sphincter is directly responsible for preventing 
the involuntary passage of gas and liquid feces [25–27]. 
It is considered to contribute 60–80% of pressure at rest. 
Bundles of myocytes are located both circularly and along 
a low-angle spiral. The muscle tissue of this sphincter 
is relatively monomorphic, the dominating population 
being the compact-positioned dark myocytes. Among 
them are the individually positioned minor myocytes and 
cells of Cajal. In the distal part of the internal sphincter, 
between the compartments of myocytes, are the layers 
of longitudinally positioned bundles of myocytes of the 
external layer of the muscle coat which likely contributes 
to its fixation and raises the sphincter during defecation 
[25, 26].
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The study of the muscle compartments of the internal 
sphincter reveals that the light and dark myocytes 
forming it are located without a specific concentration, 
being integrated in a single system [27]. The myocytes 
are mononuclear, and most often the nuclei are of rod 
or oval in shape; depending on the functional condition 
of the cell, the nucleus configuration may change, in 
which case the nuclear membrane forms invaginations. 
The cisterns of the endoplasm network and the free 
ribosomes are mainly localized in the perinuclear areas, 
while the mitochondria are mainly situated between 
the myofilaments and under the cytolemma (Fig. 1). 
The main volume of the myocytes is the contractive 
apparatus organized by tightly packed actine and myosin 
myofilaments. The dense corpuscles are numerous and 
are located both between the myofilaments and on the 
internal surface of the cytolemma.

The light myocytes comprise approx. 17% of the 
population of the muscle cells and manifest a less dense 
localization of contractile filaments. They often contain a 
sub-cytolemma area free of myofilaments which, in the 
opinion of V.A. Govyrin and T.E. Korneeva (1994), is an 
indication of relaxation of the muscle cells [28].

Myocytes have a well-developed system of vesicles 
represented by caveolae located under the cytolemma. 
On the whole, myocytes form a single functional system 
supported by different types of interactions. On the lateral 
surfaces and terminal regions, interdigitations are often 
observed. The most common are simple, non‑specialized 
contacts, spanning on average 2–3 µm. Among the simple 
contacts, especially in areas of interdigitation, specialized 
contacts are also found: desmosomes and nexuses [29]. In 
desmosomal contact zones, vesicles and elements of the 
smooth endoplasmic reticulum, which is known to be a 
site for storing unbound calcium, are often concentrated 
beneath the cytolemma [30, 31].

The muscle compartments of the internal sphincter 
are divided from one another by layers of interstitium 
represented by collagen and elastic fibers located in an 
amorphous matrix. The collagenic fibrils and fibers are 
located along the longitudinal axis of myocytes intimately 
weaving into their sarcolemma. Besides, in the opinion 
of A.S. Ilyasov, F.S. Turaev (2021), the neighboring 
compartments of myocytes exchange elastic fibers. These 
fibers then pass through the sphincter and come to the 
surface facing the lumen of the rectum. There they are fixed 
on the muscle base of the anal columns thus forming the 
elastic carcass of the ridge zone [30]. These elastic fibers 
are partially going over the lower edge of the internal anal 
sphincter in the lateral direction from the bottom to the top 
and end in the intersphincteric zone.

Additionally, the internal sphincter is reinforced 
in certain areas by bundles of longitudinally oriented 
myocytes, which curve and cross the circularly arranged 
bundles of muscle cells in an arch‑like manner. The internal 
anal sphincter is in a state of constant tonic contraction; it 
responds delicately to increases in intra‑abdominal pressure 
and is innervated by both sympathetic and parasympathetic 
fibers [20–23]. Relaxation of the internal sphincter is not 
triggered by the peristaltic wave reaching the anal canal, but 

rather by distension of the rectal ampulla, which precedes 
defecation.

Muscle component. External anal sphincter and the 
elevator muscle of anus

The internal anal sphincter is surrounded by the external 
anal sphincter. Some authors assign the leading role in 
rectal sealing to the external sphincter [30, 31], while others 
suggest it contributes only 20–25% of the resting anal 
canal pressure [32]. The external sphincter extends distally 
beyond the internal sphincter; its fibers envelop the lower 
margin of the internal sphincter so that the latter appears 
to be “incorporated” into the former [33]. The muscular 
elements of the external sphincter weave into the dermis of 
the perianal skin, the perineal body, and, in males, connect 
with the smooth muscle of the membranous urethra. Studies 
also show that the muscle loops of this sphincter merge with 
one another, attaching to the puborectalis muscle, as well 
as to the pubic bone and the coccyx.

The attachment of the external and the internal sphincters 
is ensured by the elevator muscle of the anus, the majority 
of whose fibers are securely interwoven in the lower part 
of the rectum [34–43]. Moreover, the bundles of m. levator 
ani interweave with the bundles of the external layer of the 
muscle coat, to which some authors refer to as the conjoint 
longitudinal muscle. This conjoint muscle penetrates the 
layer between the external and the internal sphincter [39, 44]. 
In the distal direction, the conjoint longitudinal muscle forms 
the central tendon that divides the external anal sphincter 
into three parts: deep, superficial, and external subcutaneous.

The most superficial is the external subcutaneous part 
anchored in the dermis of the perianal skin. More deeply lies 
the superficial layer of the external anal sphincter, which 
attaches to the perineal body. The deep layer encircles the 
internal anal sphincter in a ring‑like fashion.

The muscle fibers of all parts of the external sphincter 
have a structure typical of striated skeletal muscle tissue 

Figure 1. Ultrastructure of a fragment of a smooth muscle cell of the 
internal sphincter of the rectum: 1 – nucleus; 2 – nucleolus;  
3 – mitochondria; 4 – desmosome. TEM. ×6000 magnification  
(photo by A.S. Pronina, 2025).
Рисунок 1. Ультраструктура фрагмента гладкого миоцита 
внутреннего сфинктера прямой кишки: 1 – ядро; 2 – ядрышко; 
3 – митохондрии; 4 – десмосома. ТЭМ. Увеличение х6000 
(фото А.С. Прониной, 2025).
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(Fig. 2): cell symplastic structures, coated on the outside 
with the basal membrane [21, 29].

The central part of the fibers contains densely packed 
myofibrils, between which there are the individual 
mitochondria and cisterns of the sarcoplasmic rough. The 
satellite cells are somewhat rare and are positioned between 
the cytolemma o fthe symplast and the basal membrane 
of the muscle fiber. The endomysium contains mainly the 
collagenic fibers and, in a minor quantity, elastic fibers.

Many authors are of the opinion that the strongest 
attachment of the sphincter apparatus comes from the 
m. levator ani [26–29, 36–38]. This muscle is formed 
from striated skeletal muscle tissue, whose muscle fibers 
consist of myosymplast and satellite cells. Notably, the 
ultrastructure of the muscle tissue does not depend on the 
sex. The myosymplasts are covered with cytolemma and 
basal membrane (Fig. 3).

The nuclei of the myosymplasts have different 
electronic densities. In most cases, finely dispersed 
chromatin predominates in them; heterochromatin 
is localized beneath the karyolemma and around the 
nuclei. Mitochondria are arranged in clusters beneath the 
sarcolemma (Fig. 4). Satellite cells are extremely rare; 
consistent with the general characterization of skeletal 
muscle tissue, they are separated from the myosymplast 
by their own cytolemma and are externally ensheathed 
by a basal membrane.

Myofibrils taking the majority of the myosymplast 
volume are positioned along its longitudinal axis, and 
individual mitochondria are on the level of light discs. The 
endomysium contains collagen fibrils interwoven into the 
basal membrane. Muscle fibers are sometimes packed so 
densely that the collagen fibrils are interwoven into the 
sarcolemma of the neighboring fibers.

It should be noted that in the muscle tissues of the 
sphincters and the levator ani muscle, the fibrous structures 
of the endomysium and perimysium, rearranging in various 

directions, not only surround the bundles of myocytes and 
muscle fibers but also integrate the sphincters into a single 
anatomical entity, thereby possibly ensuring synchrony 
between the internal and external sphincters.

Vascular component as an auxiliary obturator
In addition to the above mentioned relief and muscular 

structures, the sphincteric apparatus also includes the 
submucosal veins as auxiliary elements. The latter, located 
above the sphincters, form large-capacity venous plexuses 
which, according to several authors, e.g., V.F. Baitinger et 
al. (1993), act as specialized ‘cushions’ during the opening 
and closing of the sphincter [39–46].

Figure 2. Fragment of a muscle fiber of striated muscle tissue of 
the external sphincter of the rectum. Control group. TEM. ×5000 
magnification (photo by G.N. Suvorova).
Рисунок 2. Фрагмент мышечного волокна 
поперечнополосатой мышечной ткани наружного сфинктера 
прямой кишки. Контрольная группа. ТЭМ. Увеличение х5000 
(фото Г.Н. Суворовой).

Figure 3. Fragment of a muscle fiber of the levator ani muscle: 
A – myosymplast nucleus, B – myofibrils, C – accumulation of 
mitochondria around the nucleus and under the sarcolemma. 
×10000 magnification (photo by S.N. Chemidronov).
Рисунок 3. Фрагмент мышечного волокна мышцы, 
поднимающей задний проход: А – ядро миосимпласта, Б – 
миофибриллы, В – скопление митохондрий вокруг ядра и под 
сарколеммой. Увеличение х10 000 (фото С.Н. Чемидронова).

Figure 4. Fragment of a muscle fiber of the levator ani muscle: A – 
mitochondria located between myofibrils, B – lipid droplet. ×10000 
magnification (photo by S.N. Chemidronov).
Рисунок 4. Фрагмент мышечного волокна мышцы, 
поднимающей задний проход.: А – митохондрии, 
расположенные между миофибриллами, Б – липидная капля. 
Увеличение х10 000 (фото С.Н. Чемидронова).
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The rectal venous plexus includes an internal part (the 
submucosal venous plexus) and an external part (the veins of 
the external coat). In the submucosa, veins of varying calibers 
are interconnected by numerous, multidirectional anastomoses. 
In certain locations, they dilate, forming ampullae and lacunae. 
At the level of the anal valves, arteriovenous anastomoses 
may be present. The coordinated filling and drainage of the 
vascular plexus of the anal canal are ensured by a ‘sphincteric’ 
mechanism inherent to the vessels [47–52].

Overall, cavernous structures rich in mechanoreceptors 
and baroreceptors form in this region. These structures not 

only regulate blood drainage and pooling but also ensure 
hydraulic sealing of the rectum: after rectal emptying, the 
cavernous veins fill with blood, the submucosa thickens, 
and elastic closure of the anal orifice occurs.

 CONCLUSIONS
The structural foundation of the sphincter section of 

the rectum possesses both macro- and microstructural 
specificity and complexity of architecture. These 
peculiarities need to be taken into account while performing 
surgical, radiological or endoscopic examinations. 

ADDITIONAL INFORMATION ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ

Study funding. The study was the authors’ initiative without external funding.
Источник финансирования. Работа выполнена по инициативе авторов без 

привлечения финансирования.

Conflict of interest. The authors declare that there are no obvious or potential 
conflicts of interest associated with the content of this article.

Конфликт интересов. Авторы декларируют отсутствие явных и потенциаль-
ных конфликтов интересов, связанных с содержанием настоящей статьи.

Contribution of individual authors. Suvorova G.N.: concept development, study 
design. Chemidronov S.N.: editing of the manuscript. Pronina A.S., Grigoryeva Yu.V., 
Sevryugina G.A.: selection of scientific literature, its analysis, writing of the manuscript.

The authors gave their final approval of the manuscript for submission, and agreed 
to be accountable for all aspects of the work, implying proper study and resolution of 
issues related to the accuracy or integrity of any part of the work.

Участие авторов. Суворова Г.Н.: разработка концепции, дизайн исследо-
вания. Чемидронов С.Н.: редактирование рукописи. Пронина А.С., Григорьева 
Ю.В., Севрюгина Г.А.. подбор научной литературы, ее анализ, написание текста 
рукописи.

Все авторы одобрили финальную версию статьи перед публикацией, выра-
зили согласие нести ответственность за все аспекты работы, подразумевающую 
надлежащее изучение и решение вопросов, связанных с точностью или добро-
совестностью любой части работы.

Statement of originality. No previously published material (text, images, or data) 
was used in this work.

Оригинальность. При создании настоящей работы авторы не использовали 
ранее опубликованные сведения (текст, иллюстрации, данные).

Data availability statement. The editorial policy regarding data sharing does not 
apply to this work.

Доступ к данным. Редакционная политика в отношении совместного ис-
пользования данных к настоящей работе не применима.

Generative AI. No generative artificial intelligence technologies were used to 
prepare this article.

Генеративный искусственный интеллект. При создании настоящей статьи 
технологии генеративного искусственного интеллекта не использовали.

Provenance and peer review. This paper was submitted unsolicited and reviewed 
following the standard procedure. The peer review process involved 2 external 
reviewers.

Рассмотрение и рецензирование. Настоящая работа подана в журнал в ини-
циативном порядке и рассмотрена по обычной процедуре. В рецензировании 
участвовали 2 внешних рецензента.

REFERENCES / ЛИТЕРАТУРА

1. Kolesnikov LL. The human sphincter apparatus. SPb., 2000. (In 
Russ.). [Колесников Л.Л. Сфинктерный аппарат человека. СПб., 
2000].

2. Jorge JMN, Bustamante-Lopez LA, Froehner I. Anatomy of the 
Anorectal Region and Pelvic Floor. In: Anorectal Physiology. 2020. 
Springer, Cham. DOI: 10.1007/978-3-030-43811-1

3. Kadam-Halani PK, Arya LA, Andy UU. Clinical anatomy 
of fecal incontinence in women. Clin Anat. 2017(7):901-911.  
DOI: 10.1002/ca.22951

4. Hoey RF, Hubscher CH. Investigation of Bowel Function with 
Anorectal Manometry in a Rat Spinal Cord Contusion Model. J 
Neurotrauma. 2020;37(18):1971-1982. DOI: 10.1089/neu.2020.7145

5. Nygaard  I, Shaw M. Physical activity and the pelvic 
f loor.  Am J  Obs te t  Gyneco l .  2016;214(2) :164-171 . 
DOI: 10.1016/j.ajog.2015.08.067

6. Muro S, Tsukada Y, Ito M, et al. The series of smooth muscle 
structures in the pelvic floors of men: dynamic coordination of 
smooth and skeletal muscles. Clin Anat. 2021;34(2):272-282.  
DOI: 10.1002/ca.23713

7. De Lancey J. Functional anatomy of the pelvic floor and urinary 
continence mechanism. In: Pelvic floor reeducation. Principles and 
practice. New York, 1994:9-21.

8. Ferreira S, Ferreira M, Carvalhais A, et al. Re-education of pelvic 
floor muscles in volleyball athletes. Rev Assoc Med Bras. 2014;60: 
428-433. DOI: 10.1590/1806-9282.60.05.010

9. Okada T, Hasegawa S, Nakamura T, et al. Precise three-dimensional 
morphology of the male anterior anorectum reconstructed from large 
serial histologic sections: a cadaveric study. Dis Colon Rectum. 
2019:62:1238-1247. DOI: 10.1097/DCR.0000000000001449

10. Escalona-Vargas D, Oliphant S, Siegel E, Eswaran H. Characterizing 
pelvic floor muscles activities using magnetomyography. Neurourol 
Urodyn. 2019;38(1):151-157. DOI: 10.1002/nau.23870

11. Stansfield E, Mitteroecker P, Umek W, Fischer B. The variation 
in shape and thickness of the pelvic floor musculature in males and 
females: a geometric-morphometric analysis. Int Urogynecol J. 
2023;34(2):453-461. DOI: 10.1007/s00192-022-05311-5

12. Shaw JM, Nygaard IE. Role of chronic exercise on pelvic 
floor support and function. Curr Opin Urol. 2017;27(3):257-261.  
DOI: 10.1097/MOU.0000000000000390

13. Li L, Ren X, Xiao H, et al. Normal anorectal musculatures and changes 
in anorectal malformation. Pediatr Surg Int. 2020;36(1):103-111.  
DOI: 10.1007/s00383-019-04583-1

14. Aksenenko AV. The human sigma-rectal sphincter: clinical and 
morphological parallels. In: Sphincters of the digestive tract. Tomsk, 
1994:182-192. (In Russ.). [Аксененко А.В. Сигмаректальный 
сфинктер человека: клинические и морфологические параллели. В 
сб.: Сфинктеры пищеварительного тракта. Томск, 1994:182-192].

15. Chen JH, Nirmalathasan S, Pervez M, et al. The Sphincter 
of O’Beirne – Part 1: Study of 18 Normal Subjects. Dig Dis Sci. 
2021;66(10):3516-3528. DOI: 10.1007/s10620-020-06657-w

http://www.innoscience.ru
https://doi.org/10.1007/978-3-030-43811-1
https://doi.org/10.1002/ca.22951
https://doi.org/10.1089/neu.2020.7145
https://doi.org/10.1016/j.ajog.2015.08.067
https://doi.org/10.1002/ca.23713
https://doi.org/10.1590/1806-9282.60.05.010
https://doi.org/10.1097/dcr.0000000000001449
https://doi.org/10.1002/nau.23870
https://doi.org/10.1007/s00192-022-05311-5
https://doi.org/10.1097/mou.0000000000000390
https://doi.org/10.1007/s00383-019-04583-1
https://doi.org/10.1007/s10620-020-06657-w


 www.innoscience.ru 103

S c i e n c e  &  I n n o v a t i o n s  i n  M e d i c i n e                  Vo l . 11  ( 2 )  2 0 2 6 HUMAN ANATOMY

16. Chen JH, Collins SM, Milkova N, et al. The Sphincter of 
O’Beirne – Part 2: Report of a Case of Chronic Constipation with 
Autonomous Dyssynergia. Dig Dis Sci. 2021;10:3529-3541.  
DOI: 10.1007/s10620-020-06723-3

17. Lin AY, Dinning PG, Milne T, et al. The “rectosigmoid brake”: 
review of an emerging neuromodulation target for colorectal 
functional disorders. Clin Exp Pharmacol Physiol. 2017;44:719-728.  
DOI: 10.1111/1440-1681.12760

18. Lin AY, Du P, Dinning PG, et al. High-resolution anatomic 
correlation of cyclic motor patterns in the human colon: evidence 
of a rectosigmoid brake. Am J Physiol Gastrointest Liver Physiol. 
2017;312: G508-G515. DOI: 10.1152/ajpgi.00021.2017

19. Suvorova GN, Vologdina NN, Chemidronov SN, et al. 
Ultrastructural and metabolic organization of the rectum external 
sphincter. Izvestiya of the Samara Russian Academy of Sciences 
scientific center. 2014;16;5(4):1241-1243. [Суворова Г.Н., 
Вологдина Н.Н., Чемидронов С.Н. и др. Ультраструктурная 
и метаболическая организация наружного сфинктера прямой 
кишки. Известия Самарского научного центра Российской 
академии наук. 2014;16;5(4):1241-1243].

20. Russel JG, Donoghue V. Rectal fold thickness as an 
indicator of disease. Clinical Radiology. 1983;34:427-431.  
DOI: 10.1016/s0009-9260(83)80232-3

21. Huizinga JD, Liu L, Barbier A, Chen JH. Distal Colon Motor 
Coordination: The Role of the Coloanal Reflex and the Rectoanal 
Inhibitory Reflex in Sampling, Flatulence, and Defecation. Front Med 
(Lausanne). 2021;8:720558. DOI: 10.3389/fmed.2021.720558

22. Milkova N, Parsons SP, Ratcliffe E, et al. On the nature of 
high-amplitude propagating pressure waves in the human colon. 
Am J Physiol Gastrointest Liver Physiol. 2020;318(4):G646-G660.  
DOI: 10.1152/ajpgi.00386.2019

23. Melman EP, Datsun IG. Functional morphology of the rectum 
and structural basis of the pathogenesis of hemorrhoids. M., 
1986. (In Russ.). [Мельман Е.П., Дацун И.Г. Функциональная 
морфология прямой кишки и структурные основы патогенеза 
геморроя. М., 1986].

24. Guschin YaA, Muzhikyan AA, Shedko VV, et al. Comparative 
morphology of the lower gastrointestinal tract of experimental 
animals and humans. International Journal of Veterinary Medicine. 
2018;1:138-150. [Гущин Я.А., Мужикян А.А., Шедько В.В., 
и др. Сравнительная морфология нижнего отдела желудочно-
кишечного тракта экспериментальных животных и человека. 
Международный вестник ветеринарии. 2018;1:138-150].  
URL: https://vetjournal.spbguvm.ru/jour/article/viewFile/446/444

25. Barmin VYu, Studnitsky VB, Medvedev MA. Electrophysiological 
and contractile properties of smooth muscle cells of the internal anal 
sphincter. In: Sphincters of the digestive tract. Tomsk, 1994:193-
201. (In Russ.). [Бармин В.Ю., Студницкий В.Б., Медведев 
М.А. Электрофизиологические и сократительные свойства 
гладкомышечных клеток внутреннего анального сфинктера. В сб.: 
Сфинктеры пищеварительного тракта. Томск, 1994:193-201].

26. Somlyo AV, Frabzini-Armstrong C. New views of smooth 
muscle structure using freezing depetching and rotary shadowing. 
Experientia. 1985;41(7):841-85. DOI: 10.1007/BF01970000

27. Пронина А.С. Строение гладкой мышечной ткани внутреннего 
сфинктера прямой кишки в условиях постнатального 
гипогонадизма. Оренбургский медицинский вестник. 
2025;13(2):258.

28. Zashikhin AL, Agafonov YuV, Dolgikh OV. Phenotypic modulation 
of gallbladder smooth muscle cells during the development of 
acalculous cholecystitis. Journal of medical and biological research. 
2022;10(2):161-166. [Зашихин А.Л, Агафонов Ю.В., Долгих 
О.В. Фенотипическая трансформация гладких миоцитов стенки 
желчного пузыря при развитии некалькулезного холецистита. 

Журнал медико-биологических исследований. 2022;10(2):161-166]. 
DOI: 10.37482/2687-1491-Z102

29. Suvorova GN. Histogenesis of the muscular tissue of the external 
sphincter of the rectum. Morphological Newsletter. 2001;1-2:87-89. 
(In Russ.). [Суворова Г.Н. Гистогенез мышечной ткани наружного 
сфинктера прямой кишки. Морфологические ведомости. 2001;1-
2:87-89].

30. Shmurak MI. The feces flow in colon: biomechanics, rheology, 
simulation. Russian journal of biomechanics. 2022;4:73-87. [Шмурак 
М.И. Течение каловых масс в толстом кишечнике: биомеханика, 
реология, моделирование. Российский журнал биомеханики. 
2022;4:73-87]. URL: https://ered.pstu.ru/index.php/rjb/article/
viewFile/3599/2921

31. Neves Jorge JM, Habr-Gama А. Anatomy and Embryology of the 
Colon, Rectum, and Anus. Springer-Verlag, New York, 2007:1-22.

32. Milto IV. Human functional morphology. Viscerologiya. M., 2023. 
(In Russ.). [Мильто И.В. Функциональная морфология человека. 
Висцерология. М., 2023].

33. Kolesnikov LL. Sphincterology. M., 2008. (In Russ.). [Колесников 
Л.Л. Сфинктерология. М., 2008].

34. Ashton-Miller JA, Delancey JO. Functional anatomy of the 
female pelvic floor.  Ann N Y Acad Sci. 2007;1101:266-296.  
DOI: 10.1196/annals.1389.034

35. Muctar S, Schmidt WU, Batzill W, et al. Functional 
anatomy of the female pelvic floor: interdisciplinary continence 
and pelvic floor surgery. Die Urologie. 2011;50(7):785-91.  
DOI: 10.1007/s00120-011-2605-8

36. Barleben A, Mills S. Anorectal anatomy and physiology. Surg Clin 
North Am. 2010;90:1-15. DOI: 10.1016/j.suc.2009.09.001

37. Betschart C, Kim J, Miller JM, et al.  Comparison of muscle fiber 
directions between different levator ani muscle subdivisions: In vivo 
MRI measurements in women. Int Urogynecol J. 2014;25:1263-1268. 
DOI: 10.1007/s00192-014-2395-9

38. Tsukada Y, Ito M, Watanabe K, et al. Topographic anatomy of 
the anal sphincter complex and levator ani muscle as it relates to 
intersphincteric resection for very low rectal disease. Dis Colon 
Rectum. 2016;59:426-433. DOI: 10.1097/DCR.0000000000000565

39. Timoh KN, Deffon J, Moszkowicz D, et al. Smooth muscle of the 
male pelvic floor: an anatomic study. Clin Anat. 2020;33:810-822. 
DOI: 10.1002/ca.23515

40. Moser H, Leitner M, Baeyens J, et al. Pelvic floor muscle 
activity during impact activities in continent and incontinent 
women: a systematic review. Int Urogynecol J. 2018;29(2):179-196. 
DOI: 10.1007/s00192-017-3441-1

41. Muro  S, Akita K. Pelvic floor and perineal muscles: a 
dynamic coordination between skeletal and smooth muscles 
on pelvic floor stabilization. Anat Sci Int. 2023;98(3):407-425.  
DOI: 10.1007/s12565-023-00717-7

42. Shafik A. A new concept of the anatomy of the anal sphincter 
mechanism and the physiology of defecation. II. Anatomy of the 
levator ani muscle with special reference to the puborectalis. Invest 
Urol. 1975;13:175-182. PMID: 1193814

43. Shafik A. Levator ani muscle: new physioanatomical aspects and 
role in the micturition mechanism. World J Urol. 1999;17:266-273. 
DOI: 10.1007/s00345005014

44. Chemidronov SN, Kolsanov AV, Suvorova GN. A new concept of 
pelvic floor support function: Striated-smooth muscle complex. Pacific 
Medical Journal. 2023;(3):32-38. [Чемидронов С.Н., Колсанов 
А.В., Суворова Г.Н. Новая концепция поддерживающей 
функции тазового дна: поперечнополосатый – гладкомышечный 
комплекс. Тихоокеанский медицинский журнал. 2023;(3):32-38].  
DOI: 10.34215/1609-1175-2023-3-32-38

45.  Kearney R,  Miller  JM, Ashton-Miller  JA, et  al . 
Obstetric factors associated with levator ani muscle injury 

http://www.innoscience.ru
https://doi.org/10.1007/s10620-020-06723-3
https://doi.org/10.1111/1440-1681.12760?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1152/ajpgi.00021.2017
https://doi.org/10.1016/s0009-9260(83)80232-3
https://doi.org/10.1152/ajpgi.00386.2019
https://vetjournal.spbguvm.ru/jour/article/viewFile/446/444
https://doi.org/10.1007/bf01970000
https://doi.org/10.37482/2687-1491-Z102
https://ered.pstu.ru/index.php/rjb/article/viewFile/3599/2921
https://ered.pstu.ru/index.php/rjb/article/viewFile/3599/2921
https://doi.org/10.1196/annals.1389.034
https://doi.org/10.1007/s00120-011-2605-8
https://doi.org/10.1016/j.suc.2009.09.001
https://doi.org/10.1007/s00192-014-2395-9
https://doi.org/10.1097/dcr.0000000000000565
https://doi.org/10.1002/ca.23515
https://doi.org/10.1007/s00192-017-3441-1
https://doi.org/10.1007/s12565-023-00717-7
https://doi.org/10.1007/s003450050144
https://doi.org/10.34215/1609-1175-2023-3-32-38


104  www.innoscience.ru

То м  11  ( 2 )  2 0 2 6                    Н ау к а  и  и н н о в а ц и и  в  м ед и ц и н е  АНАТОМИЯ ЧЕЛОВЕКА 

after vaginal birth. Obstet Gynecol .  2006;107:144-149.  
DOI: 10.1097/01.AOG.0000194063.63206.1c

46. Hoyte L, Schierlitz K, Zou K, et al. Two- and 3-dimensional 
MRI comparison of levator ani structure, volume, and integrity in 
women with stress incontinence and prolapse. Am J Obstet Gynecol. 
2001;185:13-19. DOI: 10.1067/mob.2001.116365

47. Aigner F, Gruber H, Conrad F, et al. Revised morphology and 
hemodynamics of the anorectal vascular plexus: impact on the course 
of hemorrhoidal disease. Int J Colorectal Dis. 2009;24(1):105-113. 
DOI: 10.1007/s00384-008-0572-3

48. Levin MD, Troyan VV. Anatomy and physiology of the anorectal 
zone. The fecal retention and defecation hypothesis. Novosti Khirurgii. 
2009;17(2):105-118. (In Russ.). [Левин М.Д., Троян В.В. Анатомия 
и физиология аноректальной зоны. Гипотеза удержания 
кала и дефекации. Новости хирургии. 2009;17(2):105-118].  
URL: https://www.surgery.by/pdf/full_text/2009_2_16_ft.pdf

49. Ilyasov AS. Connective tissue structures in the wall of the rat anal 
canal. Morphology. 2008;133(2):52-53. (In Russ.). [Ильясов А.С. 
Соединительнотканные структуры в стенке анального канала 
крысы. Морфология. 2008;133(2):52-53].

50. He J, Wan Q, Du L, et al. Electroacupuncture Improves Anorectal 
Function in Neurogenic Fecal Incontinence Rats, Related to 
Reversing Anal Sphincter Atrophy and Enhancing Muscle Satellite 
Cell Activity. Neurogastroenterol Motil. 2025;37(12):e70138.  
DOI: 10.1111/nmo.70138

51. Kamidaki Y, Hosokawa T, Abe N, et al. Muscle regeneration 
therapy using dedifferentiated fat cell (DFAT) for anal 
sphincter dysfunction. Pediatr Surg Int. 2024;40(1):238. 
 DOI: 10.1007/s00383-024-05812-y

52. Lysov NA, Panidov KV, Gelashvili PA. Features of 
histotopography, vascularization, innervation and development of 
muscles of the anal canal of the rectum in humans and laboratory 
white rats. Vestnik meditsinskogo instituta «REAVIZ». Reabilitatsiya, 
Vrach i Zdorov′ye. 2012;3-4(7-8):7-24. (In Russ.). [Лысов Н.А., 
Панидов К.В., Гелашвили П.А. Особенности гистотопографии, 
васкуляризации, иннервации и развития мышц анального канала 
прямой кишки человека и лабораторной белой крысы. Вестник 
медицинского института «РЕАВИЗ». Реабилитация, врач и 
здоровье. 2012;3-4(7-8):7-24].

http://www.innoscience.ru
https://doi.org/10.1097/01.aog.0000194063.63206.1c
https://doi.org/10.1067/mob.2001.116365
https://doi.org/10.1007/s00384-008-0572-3
https://www.surgery.by/pdf/full_text/2009_2_16_ft.pdf
https://doi.org/10.1111/nmo.70138
https://doi.org/10.1007/s00383-024-05812-y


 www.innoscience.ru 105

S c i e n c e  &  I n n o v a t i o n s  i n  M e d i c i n e                  Vo l . 11  ( 2 )  2 0 2 6 HUMAN ANATOMY

This work is licensed under CC BY 4.0                                                                                                         
© Authors, 2026

Original research | Оригинальное исследование
DOI: https://doi.org/10.35693/SIM692445

Морфометрические параметры поджелудочной 
железы детей и подростков по данным  

прижизненной визуализации
С.В. Чемезов, С.Н. Лященко, А.С. Лозинский

ФГБОУ ВО «Оренбургский государственный медицинский университет»  
Минздрава России (Оренбург, Российская Федерация)

Аннотация
Цель: установить возрастные и половые закономерности морфометриче-
ских параметров поджелудочной железы детей и подростков по данным 
прижизненной визуализации.
Материал и методы. Проанализированы компьютерные томограммы 
живота 88 детей и подростков без видимой патологии со стороны ор-
ганов брюшной полости. Обследованные разделены на 4 возрастные 
группы: периоды раннего, первого и второго детства, подростковый 
период. Исследование выполнено на 16-срезовых компьютерных то-
мографах с определением длины, толщины, высоты и объема головки, 
тела и хвоста поджелудочной железы. Полученные данные подвер-
гнуты обработке с использование стандартных методов вариационной 
статистики.
Результаты. Установлено, что среди всех обследованных наибольшую 
длину имело тело поджелудочной железы 4,22 (3,74; 4,89) см, длина 
головки составила 3,14 (2,76; 3,79) см, а длина хвоста – 2,87 (2,60; 3,36) 
см. Толщина головки, тела и хвоста составила соответственно 2,14 (1,90; 

2,44) см, 1,99 (1,82; 2,29) см и 1,59 (1,36; 1,80) см, а высота – 3,72 (3,24; 
4,20) см, 2,34 (1,96; 2,78) см и 1,91 (1,74; 2,25) см. Определена возрастная 
динамика статистически значимого увеличения длины, толщины, высоты 
и объема каждого из отделов поджелудочной железы от раннего детского 
до подросткового возраста. Статистически значимых половых различий 
между показателями девочек и мальчиков одной возрастной группы не 
установлено ни по одному параметру.
Заключение. С помощью метода компьютерной томографии получены 
данные по прижизненной морфометрии поджелудочной железы детей и 
подростков. Полученные сведения позволят расширить представление о 
прижизненной анатомии поджелудочной железы в возрастном и половом 
аспектах и могут быть использованы при планировании оперативных 
вмешательств на поджелудочной железе.
Ключевые слова: поджелудочная железа, компьютерная томография, 
дети, подростки.
Конфликт интересов: не заявлен.

Morphometric parameters of the pancreas of children and 
adolescents according to lifetime imaging data

Sergei V. Chemezov, Sergei N. Lyashchenko, Andrei S. Lozinskii
Orenburg state medical university (Orenburg, Russia)

Abstract
Aim: to determine age and gender patterns of morphometric parameters of 
the pancreas of children and adolescents based on intravital imaging data.
Material and methods. Abdominal CT scans of 88 children and adolescents 
with no visible abdominal pathology were analyzed. Subjects were divided 
into four age groups: early childhood, early childhood, and late childhood, as 
well as adolescence. The study was performed using 16-slice CT scanners, 
determining the length, thickness, height, and volume of the head, body, and 
tail of the pancreas. The obtained data were processed using standard methods 
of variation statistics.
Results. It was found that among all those examined, the body of the pancreas 
had the greatest length of 4.22 (3.74; 4.89) cm, the length of the head was 
3.14 (2.76; 3.79) cm, and the length of the tail was 2.87 (2.60; 3.36) cm. The 
thickness of the head, body and tail was 2.14 (1.90; 2.44) cm, 1.99 (1.82; 2.29) 

cm and 1.59 (1.36; 1.80) cm, respectively, and the height was 3.72 (3.24; 4.20) 
cm, 2.34 (1.96; 2.78) cm and 1.91 (1.74; 2.25) cm. A significant age-related 
increase in the length, thickness, height, and volume of each pancreatic section 
was determined from early childhood to adolescence. No significant gender 
differences were found between the parameters of girls and boys in the same 
age group for any parameter.
Conclusion. Using the computed tomography method, data were obtained 
on the intravital morphometry of the pancreas of children and adolescents. 
The obtained information will allow us to expand our understanding of the 
intravital anatomy of the pancreas in age and gender aspects and can be used 
in planning surgical interventions on the pancreas.
Keywords: pancreas, computed tomography, children, adolescents.
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 INTRODUCTION

In contemporary literature, there are numerous papers on 
the anatomy of the pancreas. There are papers on anatomy 

and topography of the pancreas of adults [1], children [2] 
and its embryonal structure [3]. However, they all contain 
the data obtained from the studies of autopsy material. There 
are studies on lifetime anatomy of the pancreas, all involving 
adults [4, 5]. Individual publications contain data on specific 
morphometric parameters in some age groups, and those are 
the results obtained in ultrasound examinations [6–9].

Quite a number of papers focus on aspects of surgical 
interventions on the pancreas for various pathologies [10], 
optimization of surgical access to the pancreas [11], and 
aspects of its minimally invasive surgery [12].

In the recent years, there have appeared studies on 
3D reconstruction of the pancreas [13], role of artificial 
intelligence in the organ visualization, its technological 
achievements and clinical application [14], including 
questions of segmentation of the pancreas in the population 
of adults [15, 16] and children [17].

The above factors justify the necessity of a more detailed, 
comprehensive study of anatomical peculiarities of the 
pancreas in children and adolescents from the standpoints 
of age and sex.

 AIM
To determine age and gender patterns of morphometric 

parameters of the pancreas of children and adolescents 
based on intravital imaging data.

 MATERIAL AND METHODS
The study included an analysis of abdominal CT scans 

of 88 children and adolescents obtained from the archive 
of the department of radiology of the Regional Children’s 
Clinical Hospital.

Inclusion criteria: individuals without history of evident 
pathology of the organs of the abdomen, and without history 
of surgery on the abdominal organs at the moment of the 
study.

The study was approved by the Local Committee 
on Ethics of the Orenburg State Medical University of 
the Ministry of Health of Russia (Protocol No.82 dated 
29.09.2025). The study was performed with a diagnostic 
objective. Written consent for the study was obtained 
from lawful representatives of the patients. The CT scans 
were anonymized and depersonalized. The total number 
of subjects was 88 children and adolescents aged from 1 
to 16 years. The average age was 8.33±4.52 years, among 
girls: 9.39±3.97 years, among boys: 7.50±4.79 years. All 
the examined individuals were divided into 4 age groups 
according to the age periodization scheme approved in 
1965. The distribution of individuals across age groups and 
subgroups is shown in Table 1.

The studies were performed on 16-slice computer 
tomographs General Electric BrightSpeed (USA) and 
Toshiba Aquilion (Japan) with section thickness of 
1–1.25 mm during the native, early arterial, portal venous 
and delayed venous phases. Contrast enhancement was 
performed using the Ultravist 370 low osmolar contrast 
medium.

Using the RadiAnt DICOM Viewer (v. 2024.1) software 
suite, the length, thickness and height of the head, body and 
tail of the pancreas were measured on the axial and frontal 
Ct scans. The boundary between the head and the body was 
determined across the neck, and the boundary between the 
body and the tail, by the presence of an angle between these 
sections. Following that, the volume of each section of the 
pancreas was determined as well as the volume of the entire 
organ. The calculation of the volume of each section of the 
pancreas was done with the ellipsoid volume formula:

Group No. (age period) Subgroup No. Number of subjects % of total sample

1 (early childhood) 1 to 2 years
total 1 21 23.9

boys 2 8 9.1
girls 3 13 14.8

2 (middle childhood) 3 to 7 years
total 4 23 26.1
boys 5 10 11.4
girls 6 13 14.8

3 (late childhood) 8 to 12 years (boys); 
8 to 11 years (girls)

total 7 21 23.9
boys 8 12 13.6
girls 9 9 10.2

4 (adolescence) 13 to 16 years (boys); 
12 to 15 years (girls)

total 10 23 26.1
boys 11 12 13.6
girls 12 11 12.5

Total
total - 88 100
boys - 42 47.7
girls - 46 52.3

Table 1. Distribution of subjects by age groups and subgroups
Таблица 1. Распределение исследуемых по возрастным группам и подгруппам
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V=0.523abc,
where a is the length, b – thickness, c – height.

The scheme of the measurement of the studied parameters 
is shown in Fig. 1.

Statistical processing. The obtained data were processed 
using variation statistics in Statistica 10. The normality of 
the distribution of the studied parameters was assessed 
using the Shapiro–Wilk and Kolmogorov–Smirnov tests.

The age values followed a normal distribution; therefore, 
the arithmetic mean and standard deviation (M ± σ) were 
calculated.

Group Subgroup
Head Body Tail

Length Thickness Height Length Thickness Height Length Thickness Height

1

Total 1 2.60 
(2.31; 2.82)7,10

1.91 
(1.80; 2.05)7,10

2.66 
(2.32; 3.20)4,7,10

3.11 
(2.72; 

3.65)4,7,10

1.70 
(1.32; 

1.88)4,7,10

1.69 
(1.61; 

1.81)4,7,10

2.60 
(2.52; 3.01)4,10

1.30 
(1.18; 1.56)4,7,10

1.78 
(1.27; 1.99)7,10

G 2 2.46 
(2.58; 2.94)5,8,11

1.85 
(1.66; 

2.01)2,8,11

2.38 
(2.20; 2.90)11

2.69 
(2.35; 2.93)5,11

1.57 
(1.09; 

1.81)5,8,11

1.65 
(1.42; 1.74)11

2.55 
(2.46; 2.89)11

1.28 
(1.01; 1.58)5,11

1.40 
(1.09; 1.79)11

B 3 2.72 
(2.25; 2.78)9,12

1.92 
(1.85; 2.11)12

2.80 
(2.38; 3.26)6,9,12

3.25 
(2.88; 

3.93)6,9,12

1.70 
(1.33; 

1.91)6,9,12

1.69 
(1.64 

;1.85)6,9,12

2.65 
(2.54; 3.01)12

1.30 
(1.19; 1.56)6,9,12

1.81 
(1.42; 1.99)9,12

2

Total 4 2.76 
(2.59; 2.86)7,10

1.97 
(1.80; 2.13)10

3.53 
(3.11; 3.95)1,7,10

3.84 
(3.74; 

4.17)1,7,10

1.90 
(1.79; 

2.02)1,7,10

2.27 
(2.05; 

2.39)1,7,10

2.66 
(2.43; 2.84)1,10

1.57 
(1.47; 1.75)1

1.82 
(1.72; 2.00)10

G 5 2.71 
(2.59; 2.86)2,8,11

1.94 
(1.75; 

2.08)5,8,11

3.47 
(2.88; 3.95)11

3.80 
(3.75; 

4.17)2,8,11

1.87 
(1.68; 1.92)2,11

2.16 
(1.98; 2.34)8,11

2.66 
(2.35; 2.82)11

1.51 
(1.23; 1.59)2

1.78 
(1.72; 1.91)

B 6 2.76 
(2.61; 2.93)9,12

2.01 
(1.80; 2.23)12

3.56 
(3.17; 3.86)3,12

3.92 
(3.58; 

4.36)3,9,12

1.96 
(1.89; 2.08)3,12

2.34 
(2.15; 2.59)3

2.69 
(2.48; 3.14)12

1.70 
(1.51; 1.86)3

1.85 
(1.73; 2.44)

3

Total 7 3.44 
(3.11; 3.57)1,4,10

2.29 
(1.92; 2.33)4,10

3.87 
(3.61; 4.27)1,4,10

4.68 
(4.22; 5.02)1,4

2.08 
(1.96; 2.29)1,4

2.53 
(2.34; 2.97)1,4

2.87 
(2.63; 3.25)10

1.68 
(1.47; 1.80)1

2.03 
(1.84; 2.30)1

G 8 3.25 
(3.25; 3.65)2,5,11

2.22 
(1.93; 2.48)2,5

3.83 (3.59; 
4.13)

4.40 
(4.29; 5.26)5

2.04 
(1.87; 2.26)2

2.49 
(2.29; 2.84)2,5

2.83 
(2.62; 3.25)11

1.62 
(1.37; 1.83)

1.90 
(1.83; 2.11)

B 9 3.47 
(3.06; 3.50)3,6,12

2.29 
(1.89; 2.33)12

3.89 (3.61; 
4.38)3

4.78 
(4.19; 4.89)3,6

2.21 
(1.96; 2.34)3

2.76 
(2.37; 3.09)3

3.16 
(2.87; 3.25)12

1.71 
(1.58; 1.80)3

2.24 
(1.90; 2.34)3

4

Total 10 4.06 
(3.84; 4.33)1,4,7

2.49 
(2.26; 2.62)1,4,7

4.20 
(3.92; 4.68)1,4,7

4.84 
(4.57; 5.89)1,4

2.43 
(2.01; 2.68)1,4

2.78 
(2.17; 3.07)1,4

3.45 
(3.15; 4.14)1,4,7

1.74 
(1.43; 1.85)1

2.12 
(1.83; 2.52)1,4

G 11 4.03 
(3.95; 4.24)2,5,8

2.45 
(2.32; 2.65)2,5

4.20 
(3.80; 4.86)2,5

4.69 
(4.57; 5.61)2,5

2.28 
(2.00; 2.67)2,5

2.71 
(2.20; 3.07)5

3.44 
(2.91; 3.77)2,5,8

1.65 
(1.25; 1.81)2

2.02 
(1.55; 2.24)2

B 12 4.09 
(3.65; 4.54)3,6,9

2.50 
(2.26; 2.61)3,6,9

4.28 
(3.96; 4.46)3,6

4.93 
(4.36; 6.11)3,6

2.44 
(2.01; 2.69)3,6

2.87 
(2.17; 2.96)3

3.83 
(3.27; 4.33)3,6,9

1.78 
(1.62; 2.06)3

2.45 
(2.04; 2.58)3

Table 2. Values of linear morphometric parameters of the pancreas (Me (25%; 75%), cm). Subgroups with statistically significant differences 
at p <0.05 are indicated by superscript signs. D – girls, M – boys
Таблица 2. Значения показателей линейных морфометрических параметров поджелудочной железы (Ме (25%;75%), см). 
Надстрочными знаками указаны подгруппы, с которыми имеются статистически значимые различия при p <0,05. Д – девочки, 
М – мальчики

Figure 1. Scheme of measurements of morphometric parameters 
of the pancreas: A – scheme of measurements of length (a)  
and thickness (b) of the head, B – scheme of measurements 
of length (a) and thickness (b) of the body, C – scheme of 
measurements of length (a) and thickness (b) of the tail,  
D – scheme of measurements of head height (c),  
E – scheme of measurements of body height (c),  
F – scheme of measurements of tail height (c).
Рисунок 1. Схема измерений морфометрических параметров 
поджелудочной железы: А – схема измерения длины (a)  
и толщины (b) головки, В – схема измерения длины (a)  
и толщины (b) тела, С – схема измерения длины (a)  
и толщины (b) хвоста, D – схема измерения высоты  
головки (с), E – схема измерения высоты тела (с),  
F – схема измерения высоты хвоста (с).
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The studied morphometric parameters did not follow 
a normal distribution; therefore, nonparametric statistical 
methods were used for analysis, with data presented as 
medians and 25th–75th percentiles (Me (25%;75%)). 
Changes in parameter values were described using 
percentages. Statistical significance of differences between 
boys and girls within the same age group was assessed using 
the Mann–Whitney U test. Differences between age groups 
and subgroups were evaluated using the Kruskal–Wallis 
test. When statistically significant differences were found, 
pairwise comparisons were performed using Dunn’s test. 
Differences were considered statistically significant at p 
< 0.05.

 RESULTS
The study established that among all the examined 

subjects, the body of the pancreas had the greatest length of 
4.22 (3.74; 4.89) cm, the length of the head was 3.14 (2.76; 
3.79) cm, and the length of the tail was 2.87 (2.60; 3.36) cm. 
The values of the thickness and the height decreased from 
the head to the tail. Thus, the thickness of sections was 2.14 
(1.90; 2.44) cm, 1.99 (1.82; 2.29) cm and 1.59 (1.36; 1.80) 
cm, and the height was 3.72 (3.24; 4.20) cm, 2.34 (1.96; 
2.78) cm and 1.91 (1.74; 2.25) cm, respectively.

It is seen from Table 2 that the length of the pancreatic 
head in boys and girls from Group 1 was 2.46 (2.58; 2.94) 
cm and 2.72 (2.25; 2.78) cm, respectively, and increased 
by the age of adolescence by 63.8% and 50.3% to 4.03 
(3.95; 4.24) cm (p = 0.004) and 4.09 (3.65; 4.54) cm (p < 
0.001). The length of the body in the early childhood was 
2.69 (2.35; 2.93) cm and 3.25 (2.88; 3.93) cm; in Group 4, 
it increased by 74.3% and 51.6% to 4.69 (4.57; 5.61) cm (p 
= 0.004) and 4.93 (4.36; 6.11) cm (p = 0.001). The length 
of the tail increased by 34.9% and 44.5% from 2.55 (2.46; 
3.09) cm and 2.65 (2.54; 3.01) cm to 3.44 (2.91; 3.77) cm 
and 3.83 (3.27; 4.33) cm from Group 1 to Group 4 among 
girls (p = 0.032) and boys (p < 0.001), respectively.

The thickness of the pancreatic head in early childhood 
subjects was 1.85 (1.66; 2.01) cm and 1.92 (1.85; 2.11) cm; 
in the adolescence period, it increased by 32.4% and 30.2% 
to 2.45 (2.32; 2.65) cm (p = 0.017) and 2.50 (2.26; 2.61) 
cm (p = 0.005). The thickness of the body increased from 
1.57 (1.09; 1.81) cm and 1.70 (1.33; 1.91) cm by 45.2% and 

43.5% to 2.28 (2.00; 2.67) cm (p = 0.024) and 2.44 (2.01; 
2.69) cm (p < 0.001), and the thickness of the head from 
1.28 (1.01; 1.58) cm and 1.30 (1.19; 1.56) cm to 1.65 (1.25; 
1.81) cm (p = 0.043) and 1.78 (1.62; 2.06) cm (p = 0.002), 
or 28.9% and 36.9%.

The height of the head increased, from the early 
childhood to adolescence, from 2.38 (2.20; 2.90) cm and 
2.80 (2.38; 3.26) cm by 76.4% and 52.8% to 4.20 (3.80; 
4.86) cm (p = 0.004) and 4.28 (3.96; 4.46) cm (p < 0.001), 
the height of the body increased from 1.65 (1.42; 1.74) cm 
and 1.69 (1.64; 1.85) cm by 64.2% and 69.8% to 2.71 (2.20; 
3.07) cm (p = 0.004) and 2.87 (2.17; 2.96) cm (p < 0.001), 
and the height of the tail increased from 1.40 (1.09; 1.79) 
cm and 1.81 (1.42; 1.99) cm to 2.02 (1.55; 2.24) cm (p = 
0.041) and 2.45 (2.04; 2.58) cm (p = 0.003), or by 44.2% 
and 35.3%, respectively.

No statistically significant differences were found 
between any linear parameters of boys and girls within 
each age group.

The volume of the pancreatic head, among all examined 
subjects, was 25.37 (16.45; 35.29) cm3, the volume of the 
body, 19.97 (13.62; 29.26) cm3, and the volume of the tail 
was 8.96 (6.41; 11.93) cm3, the total volume of the organ 
being 57.35 (39.08; 76.90) cm3 (Table 3).

The volume of the head increased from 7.30 (5.82; 8.38) 
cm3 and 7.37 (5.77; 8.53) cm3 by 206.8% and 211.5% to 
22.40 (18.46; 26.46) cm3 (p = 0.004) and 22.96 (18.71; 
27.24) cm3 (p < 0.001), the volume of the body increased 
from 3.33 (1.98; 4.64) cm3 and 5.23 (3.38; 6.52) cm3 by 
341.7% and 260.4% to 14.71 (12.84; 16.14) cm3 (p = 0.004) 
and 18.85 (12.29; 21.63) cm3 (p < 0.001), the volume of the 
tail increased from 2.74 (1.31; 4.73) cm3 and 3.45 (2.37; 
3.88) cm3 by 109.4% and 127.5% to 5.74 (3.65; 6.64) cm3 

(p = 0.036) and 7.85 (5.99; 11.15) cm3 (p < 0.001) among 
girls and boys, respectively.

The total pancreatic volume increased from early 
childhood to adolescence in girls from 13.45 (9.07; 17.91) 
cm³ to 44.79 (38.09; 46.51) cm³ (p = 0.004), and in boys 
from 15.70 (12.14; 18.79) cm³ to 50.62 (41.84; 59.48) 
cm³ (p < 0.001), representing an increase of 233.0% and 
222.4%, respectively. No statistically significant differences 
in pancreatic volume parameters were found between boys 
and girls within the same age group.

Group Subgroup Head volume Body volume Tail volume Total volume

1 Total 1 7.33 (5.82; 8.38)4,7,10 4.81 (3.01; 6.24)4,7,10 3.45 (2.26; 3.89)7,10 15.29 (11.71; 18.79)4,7,10

G 2 7.30 (5.82; 8.38)6,9,11 3.33 (1.98; 4.64)5,8,11 2.74 (1.31; 4.73)11 13.45 (9.07; 17.91)5,8,11

B 3 7.37 (5.77; 8.53)8,12 5.23 (3.38; 6.52)6,9,12 3.45 (2.37; 3.88)6,9,12 15.70 (12.14; 18.79)6,9,12

2 Total 4 9.55 (7.91; 11.00)1,7,10 8.83 (7.91; 9.58)1,7,10 4.22 (2.88; 5.13)10 22.09 (20.44; 25.91)1,7,10

G 5 8.53 (7.75; 10.67)8,11 8.28 (6.95; 8.99)2,8,11 3.64 (2.72; 4.67)11 20.52 (18.45; 23.07)2,8,11

B 6 10.13 (8.65; 13.00)3,9,12 9.01 (8.15; 11.65)3,9,12 4.52 (3.76; 6.63)3,12 24.01 (21.34; 28.98)3,9,12

3 Total 7 14.15 (13.07; 16.57)1,4,10 13.75 (10.62; 17.35)1,4 5.52 (4.17; 6.18)1,10 33.54 (30.55; 38.95)1,4,10

G 8 13.71 (13.26; 17.46)2,5,11 13.57 (11.12; 17.16)2,5 4.60 (3.86; 6.13) 32.32 (31.23; 36.71)2,5,11

B 9 14.35 (12.87; 15.57)3,6,12 13.92 (9.38; 18.45)3,6 5.97 (4.33; 6.67)3 35.49 (27.98; 39.36)3,6,12

4 Total 10 22.84 (18.46; 26.46)1,4,7 15.48 (12.64; 18.90)1,4 6.28 (5.65; 8.02)1,4,7 46.17 (38.73; 55.53)1,4,7

G 11 22.40 (18.46; 26.46)2,5,8 14.71 (12.84; 16.14)2,5 5.74 (3.65; 6.64)2,5 44.79 (38.09; 46.51)2,5,8

B 12 22.96 (18.71; 27.24)3,6,9 18.85 (12.29; 21.63)3,6 7.85 (5.99; 11.15)3,6 50.62 (41.84; 59.48)3,6,9

Table 3. Values of volumetric indicators of the pancreas (Me (25%; 75%), cm3). Subgroups with statistically significant differences at p <0.05 
are indicated by superscript signs. D – girls, M – boys
Таблица 3. Значения объемных показателей поджелудочной железы (Ме (25%;75%), см3). Надстрочными знаками указаны 
подгруппы, с которыми имеются статистически значимые различия при p <0,05. Д – девочки, М – мальчики
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 DISCUSSION
The available literature contains isolated data on in vivo 

morphometric parameters of the pancreas in certain age 
periods.

V.O. Erkudov et al. [6] reported that according to in vivo 
visualization the length of the pancreatic head, depending 
on the Z-index of the body length, varies from 1.54 cm to 
2.20 cm, the length of the pancreatic body, from 0.98 cm 
to 1.22 cm, and the length of the tail varies from 1.66 cm 
to 1.79 cm, which, overall, is significantly lower than the 
data we obtained.

M. Di Serafino et al. [8] published data on the 
morphometric parameter of the pancreas that the paper 
refers to as the diameter. In children aged 0 to 6 years, the 
diameter of the head was 1.0–1.9 cm, diameter of the body, 
0.4–1.0 cm, diameter of the tail, 0.8–1.6 cm. In children 
aged 7 to 12, the values varied in the range of 1.7–2.0 cm, 
0.6–1.0 cm and 1.3–1.6 cm, and in adolescents aged 13 
to 18, in the range of 1.8–2.2 cm, 0.7–1.2 cm and 0.3–1.9 
cm. These values are also lower than the data we obtained.

Discrepancies with the data from the aforementioned 
studies may be related to the use of ultrasound as a fairly 
subjective method of in vivo imaging, combined with the 
complex and difficult-to-access topographic‑anatomical 
location of the pancreas. The highly variable and irregular 
shape of the pancreas, as well as the presence of blurred 
boundaries due to low contrast between the pancreas and 
surrounding organs, also play a role.

Computed tomography is one of the primary methods for 
examining the pancreas, not only for diagnostic purposes in 
clinical medicine but also for addressing research objectives, 
especially in light of technological advancements such as 

the introduction of dual‑energy computed tomography and 
spectral photon‑counting computed tomography [18].

The paper of Bayramoğlu Z. et al. [7] presents the data on 
thickness of the pancreas in children and adolescents based 
on computed tomography. According to these authors, the 
thickness of the pancreatic head increased in the period from 
the early childhood to adolescent age from 15.4±3.1 mm to 
26.3±4.5 mm, thickness of the body, from 13.1±2.9 mm to 
21.0±3.5 mm, and the thickness of the tail, from 10.6±3.4 mm 
to 17.4±4.2 mm, which aligns with the data obtained by us.

At the same time, studies providing data on the volume 
of the pancreas and its individual parts, taking into account 
the age and gender differences of examined children 
and adolescents, are lacking. No study has presented 
morphometric parameter values separately for girls and 
boys, nor has a comparative analysis been conducted 
between the parameters of girls and boys within the same 
age group.

 CONCLUSION
Thus, data on in vivo morphometry of the pancreas in 

children and adolescents were obtained using computed 
tomography. Age‑related dynamics of a statistically 
significant increase in the length, thickness, height, and 
volume of each part of the pancreas from early childhood 
to adolescence were established. No statistically significant 
sex‑related differences were found between the parameters of 
boys and girls within the same age group for any parameter.

These findings expand the understanding of the in 
vivo anatomy of the pancreas in terms of age and sex and 
may be useful for planning surgical interventions on the 
pancreas. 
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Реабилитация двигательных нарушений у пациентов 
после перенесенного церебрального инсульта  

в ранний восстановительный период с помощью 
беговой дорожки с биологической обратной связью

Л.Р. Ахмадеева, Е.О. Голдырев, К.Ф. Багаутдинов, Н.М. Блинова
ФГБОУ ВО «Башкирский государственный медицинский университет»  

Минздрава России (Уфа, Российская Федерация)
Аннотация
Цель: оценить клиническую эффективность интеграции тренинга на 
беговой дорожке с системой биологической обратной связи (БОС) в про-
грамму ранней постинсультной реабилитации для коррекции двигатель-
ных нарушений и улучшения функциональных исходов.
Материал и методы. В исследовании приняли участие 60 пациентов в 
ранний восстановительный период (до 6 месяцев) после перенесенного 
инсульта по ишемическому типу. Участники были рандомизированы на 
две группы: основную (экспериментальную) и контрольную. Обе группы 
получали стандартную комплексную терапию, включающую лечебную 
физкультуру, механотерапию и эрготерапию. Основная группа дополни-
тельно проходила курсовое лечение на беговой дорожке с БОС (Walker 
View), которое обеспечивало обратную связь по параметрам опорной 
реакции и симметрии шага. Для объективной оценки динамики исполь-

зовался комплекс клинических шкал (тест «Встань и иди», 10-метровый 
тест ходьбы, шкала баланса Берга) и инструментальный анализ параме-
тров походки (скорость ходьбы, длина цикла шага). Оценка проводилась 
до и после 14-дневного курса реабилитации.
Результаты. Проведенное исследование продемонстрировало статисти-
чески значимое улучшение по всем оцениваемым показателям в обеих 
группах, что подтверждает эффективность стандартной реабилитации. 
Однако в основной группе, где применялась БОС, динамика улучшений 
была несколько лучше: более выраженное сокращение времени выполне-
ния тестов «Встань и иди» (20% от исходного против 17%) и 10-метровой 
ходьбы (23,3% против 23,1%), увеличение баллов по шкале Берга (27,4% 
против 15,1%), а также улучшились показатели длины цикла шага (41,2% 
против 27,3%) при отсутствии различий по скорости ходьбы.

This work is licensed under CC BY 4.0                                                                                                         
© Authors, 2026
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Rehabilitation of motor impairments in patients  
after cerebral stroke in the early recovery  
period using a treadmill with biofeedback

Leila R. Akhmadeeva, Evgenii O. Goldyrev, Kamil F. Bagautdinov, Nataliya M. Blinova
Bashkir State Medical University (Ufa, Russian Federation)

Abstract
Aim: to evaluate the clinical effectiveness of integrating treadmill training 
with a biofeedback (BFB) system into an early post-stroke rehabilitation 
program for managing motor disorders and improving functional outcomes.
Material and methods. The study involved 60 patients during the first 6 
months after ischemic stroke. Participants were randomized into two groups: 
the main (experimental) group and the control group. Both groups received 
standard comprehensive therapy, including physiotherapy, mechanotherapy, 
and occupational therapy. The main group additionally underwent a course of 
treatment on a treadmill with BFB (Walker View), which provided feedback 
on parameters of the support reaction and step symmetry. For an objective 
assessment of dynamics, a set of clinical scales (Timed Up and Go test, 
10-meter walk test, Berg Balance Scale) and instrumental analysis of gait 
parameters (walking speed, step length) were used. The assessment was 
conducted before and after a 14-day rehabilitation course.
Results. The conducted study demonstrated a statistically significant 
improvement in all assessed parameters in both groups, confirming the 

effectiveness of standard rehabilitation. However, in the main group where 
BFB was applied, the dynamics of improvement were better. A comparative 
analysis showed that these patients achieved a more pronounced reduction 
in the time taken to complete the “Timed Up and Go” (20% vs. 17%) and 
10-meter walk tests (23.3% vs. 23.1%), a substantial increase in scores on the 
Berg Balance Scale (27.4% vs. 15.1%), as well as a significant increase in step 
length (41.2% vs. 27.3%) and no difference in walking speed.
Conclusion. The integrating treadmill training with biofeedback into an early 
post-stroke rehabilitation program increases the effectiveness of walking 
recovery compared to standard therapy. The method promotes improved gait 
symmetry, balance, increased speed and step length, ultimately leading to 
enhanced functional independence of patients. Further research is required 
to determine the clinical effectiveness of treadmill gait training with BFB in 
a larger sample of patients and with a longer follow-up.
Keywords: stroke, walking, rehabilitation, biofeedback.
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 INTRODUCTION

One of the most challenging problems for a patient is 
the rehabilitation after a cerebral stroke. An acute 

cerebrovascular accident results in the death of some neurons, 
and some functions cease, including the motor function. As 
a result, the patients develop paresis or paralysis, increased 
muscle tone, sensitivity disorders, all complicating the 
restoration of movement after the stroke and making the 
rehabilitation process a lengthy one.

It is known from practice that every case of stroke is 
unique: it is a heterogeneous disease, and the patients 
demonstrate different models of rehabilitation. Therefore, 
it is vitally important to start the rehabilitation in time and 
to personalize the rehabilitation program considering the 
individual specifics of patients [1].

Post-stroke walking disorders have a negative effect on 
daily independence, quality of life, professional and social 
integration, and increase risk of falling in adults [2, 3]. 
The key to restoration of walking ability after the stroke is 
rehabilitation. Brain is stimulated by afferent stimuli when 
physical exercises are performed [4, 5], including therapeutic 
exercise to restore gait [9-6]. The degree of neurological 
deficit may be reduced both as a result of spontaneous natural 
restoration of the nervous system and as a result of training 
delivered by specialists focusing specifically on restoration 
of the ability to perform daily activities [7-10].

Patients surviving stroke may restore quality of their life by 
the phenomenon of neuroplasticity [11-14]. One of the tools 
of focused influence on the mechanisms of neuroplasticity 
is the method of biological feedback (biofeedback, BFB) 
that has strong positions in the modern neurorehabilitation 
[15]. The method is based on the principle of external 
objectification of physiological processes that normally occur 
at a subclinical level and remain unnoticed by the patient. 
Biofeedback provides the patient with real-time information 
about parameters of their motor activity and shifts automated 
neuromuscular processes into the realm of conscious control.

In the post-stroke motor rehabilitation, the key biological 
signal is the bioelectrical activity of the muscles registered 
by electromyography [16]. A closed loop of sensorimotor 
feedback is thus formed: attempt at movement → signal 
registration → result visualization → correction of the motor 

command. The patient receives immediate information on 
the quality and intensity of muscle contraction and may 
voluntarily increase the force of or to modify the movement. 
The process meets the principles of motor learning based 
on repetition, error correction and support of a successful 
action [17].

From a neurophysiological perspective, BFB training 
activates several interrelated mechanisms: enhancement 
of afferent flow from the working muscles; increased 
cortical excitability in sensorimotor areas; formation of 
new functional connections bypassing damaged regions; 
and stabilization of newly formed neural networks through 
repeated activation.

The regular comparison of motor intention with the 
objective outcome helps reduce pathological movement 
patterns and gradually restore the movement schema. Unlike 
passive intervention methods, biofeedback actively involves 
the patient in the self-regulation process, which is essential 
for achieving a sustained neuroplastic effect [18, 19].

The optimal frequency of training sessions is determined 
individually, however, regular exercises (2–3 times per week 
30–40 minutes each or as parts of intensive rehabilitation 
programs) ensure accumulation effect achieved through 
repeated activation of sensorimotor loops [20].

The psychological component of the method is of no lesser 
importance. After the stroke, the patients often encounter 
the phenomenon of ‘motor uncertainty’, when the attempt 
at movement does not come with the expected result. The 
visualization of even minimal muscular activity forms the 
feeling of control and progression. From a passive object 
of therapy, the patient turns into an active participant of 
the rehabilitation process, which increases motivation and 
compliance with the treatment process [21].

Biofeedback gains even greater significance in the context 
of variability of post-stroke rehabilitation. The character 
of neurological deficit, extent of damage, manifestation 
of spasticity, availability of sensory disorders, age and 
concomitant disease form the unique individual patient 
profile. Customization of the program requires precise 
evaluation not only of the physical strength and range of 
movement, but also of the concealed disorders: proprioceptive 

Заключение. Интеграция тренировок на беговой дорожке с БОС в про-
грамму ранней постинсультной реабилитации может повысить эффектив-
ность восстановления ходьбы по сравнению со стандартной терапией. 
Метод способствует улучшению симметрии походки, баланса, увеличе-
нию скорости и длины шага, что в конечном итоге ведет к повышению 
функциональной независимости пациентов. Требуются дальнейшие 

исследования для определения клинической эффективности тренинга 
ходьбы на беговой дорожке с БОС на большей выборке пациентов и с 
более длительным катамнезом.
Ключевые слова: инсульт, ходьба, реабилитация, биологическая об-
ратная связь.
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deficit, coordination disorders, dissociation of muscular 
activity [22].

Early identification of such disorders allows for a 
timely inclusion of elements of neural stimulation in the 
rehabilitation program, as well as antispasmodic measures, 
balance training and correction of posture control. In this 
context, BFB serves not only as a training method but also 
as a functional diagnostic tool [23].

An important stage of therapy is the system calibration 
process. Based on the recorded signals, individual threshold 
values reflecting the patient's baseline functional level are 
established. Adjusting the sensitivity ranges ensures the 
adequacy of the feedback and prevents both excessive task 
complexity and insufficient stimulation. Maintaining the 
parameters across sessions allows for monitoring of dynamics 
and objective documentation of progress [24, 25].

Thus, biofeedback is an integrative method combining 
elements of neurophysiology, motor training and digital 
monitoring. It ensures transition from empiric training to a 
managed quantitatively controlled process of neuroplastic 
learning making it a perspective component of modern 
programs of post-stroke rehabilitation [26].

 AIM
To evaluate the clinical effectiveness of integrating 

treadmill training with a biofeedback system into an early 
post-stroke rehabilitation program for managing motor 
disorders and improving functional outcomes.

 MATERIAL AND METHODS
The study involved 60 patients. Inclusion criteria: history 

of cerebral ischemic stroke suffered in the past 6 months 
confirmed by neuroimaging data and medical documentation, 
focal neurological symptoms manifested by motor deficit 
(ataxia, paresis) with a possibility of unaided walking with 
a speed > 0.4 m/s, muscle tone of the paretic lower limb on 
the Ashworth scale ≤ 1 plus, disability level 3 on the Rankin 
scale, lack of dementia, availability of a voluntary informed 
consent to participate in the study. Non-inclusion criteria: 
impossibility of maintaining an upright posture, unstable 
hemodynamic condition, diseases of peripheric vessels, 
cognitive disorders with results below 20 on the Mini Mental 
Scale Examination and other motor disorders significantly 
impeding the walking capability, refusal from participation 
in the study. Exclusion criteria: withdrawal of the voluntary 
informed consent, premature termination of treatment course 
for any reason.

Using a software randomizer, the participants were 
randomly distributed into two groups, the experiment and 
the control group. In the course of the study, 30 patients 
underwent a rehabilitation course using a BFB treadmill (17 
men, 13 women; median age: 66 ± 7.6 years). The other 
30 patients were in the control group (19 men, 11 women; 
median age: 68 ± 6.9 years) and underwent rehabilitation 
programs without the BFB. In their clinical and demographic 
characteristics at the stage of inclusion in the study, the 
patients were comparable in sex, age, type of stroke, 
availability of a comorbid pathology (p > 0.05). All patients 
underwent rehabilitation in the day patient facility of the 
Department of medical rehabilitation of the Clinics of Bashkir 

State Medical University. The duration of the rehabilitation 
course was 14 days. The average time elapsed from the onset 
of the stroke was 43.8 days.

At the time of the study, all patients presented with ataxia 
(both dynamic and static) and central paresis of the leg as the 
predominant clinical syndrome. The rehabilitation process 
included individual therapeutic exercise sessions with a 
physical therapy instructor (30 minutes), mechanotherapy 
(exercise on a stationary bicycle, 10 minutes), and occupational 
therapy (30 minutes). In addition to these interventions, the 
experimental group underwent BFB‑assisted treadmill gait 
rehabilitation (20 minutes daily).

Training sessions were performed on a BFB-assisted 
treadmill Walker View. Its principle of work is based on the 
integration of the mechanical platform (modified walking 
frame with strain gauges) and a software and hardware complex 
providing visualization and quantitative analysis of the motor 
action. The principle of action is based on continuous real-time 
monitoring of several biomechanical parameters, including 
distribution of vertical load on upper limbs, symmetry of 
support reaction, length and rhythm of the step, as well as 
general dynamics of locomotion. The obtained data was 
sent to the interface as self-explanatory graphics, i.e. digital 
indicators, load scales or interactive animated scenarios. As 
a result, the patient actively controlled the movements based 
on the visual analysis of current values. The key therapeutic 
advantage of the system in the correction of ataxic disorders is 
the formation of an afferent flow contributing to the restoration 
of the physiological pattern of walking. While trying to achieve 
target values on the screen (e.g. maintain the balance or walk 
the suggested trajectory), the patient involuntarily normalized 
the body weight distribution, reduces the asymmetry of load 
on the paretic and the normal limb and trains the elements of 
postural control. From a neurophysiological perspective, this 
technique potentiates neuroplasticity mechanisms by providing 
intensive, repetitive, and goal-directed practice, consistent with 
the principles of experience-dependent learning. The brain 
receives a clear task and immediate feedback on the quality 
of its performance, which stimulates the reorganization of 
functional maps in the sensorimotor cortex and the formation 
of new compensatory neural networks. Beyond the direct 
effects on motor function, this technology has a significant 
psychological impact, enhancing the motivational component 
of therapy through gamification of the rehabilitation process 
and by visualizing objective progress. 

Statistical processing of data was performed with 
a confidence probability of 95%. The normality of the 
quantitative data distribution was assessed using the Shapiro–
Wilk test; the distribution did not differ significantly from 
normal (p > 0.05). Descriptive statistics were expressed as 
the arithmetic mean and standard deviation. The significance 
of the treadmill training outcomes in each study group was 
evaluated by comparing the results of pre‑ and post‑training 
assessments. Improvement was defined as the change between 
the pre‑ and post‑training results. Given the demonstrated 
normality of the data distribution, Fisher‑Student’s t‑test 
was used to examine statistical differences between the 
two samples. The threshold significance level was set at α 
< 0.05. All data were analyzed using STATISTICA version 
10.0 (StatSoft, Poland).
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 RESULTS
To evaluate the outcomes of the rehabilitation 

interventions, we used the following measures and clinical 
scales: the Timed Up and Go test, the 10-Meter Walk Test, 
the Berg Balance Scale, walking speed (km/h), and step cycle 
length (cm).

A comparative analysis of the dynamics of the parameters 
between the groups demonstrates a clear advantage of the 
biofeedback-based method. Although statistically significant 
improvement was observed in both groups, the experimental 
group showed more pronounced progress across all evaluated 
parameters. The percentage improvement (relative to 
baseline) on the key functional tests was as follows.

Timed Up and Go Test: In the experimental group, the time 
of test performance reduced by 20%, while in the control 
group, by 17.8%. The 10-Meter Walking test: the time required 
to complete the walk reduced by 23.3% in the experimental 
group vs. 23.1% in the control group. Berg Balance Scale: 
the results of the experimental group increased by 27.4%, 
whereas in the control group the improvement was 15.1%. 
Walking speed: the speed increase in the experimental group 
was 20.9% vs. 21.0% in the control group. The difference 
between the groups was insignificant (0.1%). Длина Step 
cycle length: the step length in the BFB group increased by 
41.2% vs. increase of 27.3% in the control group. 

Thus, it can be concluded that the integration of 
biofeedback with treadmill training leads to a more 
pronounced improvement in functional capabilities in 
terms of balance and gait symmetry, as confirmed by the 
quantitative advantage most clearly observed in the dynamics 
of the Berg Balance Scale and step cycle length.

 DISCUSSION
The effect of training on the treadmill and use of BFB 

methods is confirmed by many tests involving patients 
after a cerebral stroke. The increase in walking speed and 
improvement in gait quality are achieved by extending the 

stance time on the paretic limb. The addition of external 
auditory and visual information regarding correct gait and 
its parameters, such as speed, step length, and symmetry of 
gait phases, during treadmill training enables the patient not 
only to improve gait symmetry but also to stimulate balance, 
coordination, strength, and endurance of the relevant muscle 
groups. Besides, patient motivation to perform the exercises 
is enhanced by visualizing task accuracy on the screen and 
through acoustic biofeedback. M. Rizzo et al. (2023) [27] 
demonstrated that improvement of motor functions may 
be achieved by various means of rehabilitation including 
mirror therapy with visual biofeedback. Х. Ма et al. (2025) 
[28] report that improvement of kinesthetic imagination are 
related to selective inhibition in the frontal-central-temporal 
areas of the brain and activation in the parietal-occipital 
areas, as well as with the information flow between the 
parietal-occipital and frontal-parietal areas of the brain, 
and these models may be used in the development of online 
educational resources for motor skills and technologies of 
virtual modeling. M.T.A.P. Dantas et al. (2023) [29] studied 
the effects of training on a treadmill and analyzed the effect 
of training on mobility and parameters of walking capability. 
It was demonstrated that the use of treadmill training was 
justified, especially with the effect of such training being 
augmented by supplementary procedures (e.g., functional 
electrostimulation). 

In our group, in which biofeedback was applied, a greater 
increase in step cycle length on the healthy side and in 
the duration of the swing phase of the healthy lower limb 
was observed. The superior rehabilitation outcomes in the 
biofeedback group were also associated with improved 
symmetry of the stance phase duration. 

Patients in both groups demonstrated a reduction in 
the swing phase of both the paretic and non‑paretic limbs, 
accompanied by a prolongation of the stance phase. In 
the biofeedback group, the changes in the spatiotemporal 
parameters of the non‑paretic limb were greater than those 
in the non‑biofeedback group; however, the difference 
between the groups did not reach a high level of significance. 
In the biofeedback group, the effect of motor training was 
significantly higher than in the control group, but only in the 
healthy limb. The fact may be explained by the brevity of 
the program, which might restrict the capabilities of motor 
training after the stroke, especially in the field of motor 
control of the paretic limb. Improvement of other metrics in 
the group receiving BFB-enhanced rehabilitation was higher 
than in the group without the BFB, but it was not statistically 
significant, both in our study and in others [30].

 CONCLUSION
The obtained results do not provide a definitive answer 

to the question of whether biofeedback‑assisted treadmill 
rehabilitation is more effective for restoring walking function 
compared to treadmill training without biofeedback. Treadmill 
training contributed to the normalization of spatiotemporal 
gait parameters in both groups, primarily in the swing phase 
and step length reduction. An important clinical effect of 
the program was the significant increase in the speed and 
distance of walking, as well as improved independence in 
walking and improved self-reliance in both groups. Visual 

Parameter Day 1 of 
rehabilitation

Day 14 of 
rehabilitation p-value

Timed Up and Go test 21.55±6.48 17.23±6.05 <0.001

10-Meter Walk test 20.27±5.31 15.55±4.23 <0.001

Berg Balance Scale 26.45±9.94 33.70±8.72 <0.001

Walking speed (km/h) 0.86±0.79 1.04±0.92 <0.002

Step cycle length 0.51±0.63 0.72±0.71 <0.001

Table 1. Mean values of indicators in patients over time during 
rehabilitation using a biofeedback track (n=30)

Таблица 1. Усредненные значения показателей у пациентов  
в динамике в процессе реабилитации с применением дорожки  
с БОС (n=30)

Parameter Day 1 of 
rehabilitation

Day 14 of 
rehabilitation p-value

Timed Up and Go test 22.06±6.91 18.14±5.76 <0.001

10-Meter Walk test 21.78±4.84 16.73±4.72 <0.001

Berg Balance Scale 26.15±8.76 30.11±9.28 <0.001

Walking speed (km/h) 0.81±0.65 0.98±0.87 <0.002

Step cycle length 0.55±0.69 0.70±0.82 <0.001

Table 2. Mean values of indicators in patients over time during 
rehabilitation without a biofeedback track (n=30)

Таблица 2. Усредненные значения показателей у пациентов  
в динамике в процессе реабилитации без использования  
дорожки с БОС (n=30)
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feedback used in the training of walking helped patients focus 
on the exercise by providing additional information, and 
real-time results motivated patients to continue training. The 
findings of this pilot study may serve as a basis for further 
investigation with an expanded sample size and, potentially, 
with the inclusion of data from modern neuroimaging studies 

that allow assessment of the morphological integrity of 
cerebral tracts [31], along with a longer treatment period and 
comparison of the obtained data with earlier publications [32] 
on the set of prognostic factors influencing clinical outcomes 
in post-stroke rehabilitation. 
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Abstract
Aim:  to demonstrate the feasibility, safety, and efficacy of resection of major 
arteries (aorta, right/left iliac artery) and veins (inferior vena cava, right/left 
iliac vein) in patients with retroperitoneal non-organ liposarcomas with major 
vessel invasion.
Material and methods. This retrospective study included patients with 
retroperitoneal non-organ liposarcomas with major vessel invasion who 
underwent surgical treatment at the N.N. Blokhin National Medical Research 
Center of Oncology from 2001 to 2023. This included liposarcoma removal 
with multi-organ resection and resection of major arteries (aorta, right/left iliac 
artery) and veins (inferior vena cava, right/left iliac vein). Gore-Tex synthetic 
grafts were used for vascular reconstruction. In the presence of satisfactory 
collateral outflow, a circular resection of the inferior vena cava without 
grafting was performed. Complications of surgical treatment were assessed 
using the Clavien-Dindo scale. Statistical analysis of the study material was 
performed using Statistica for Windows v.10 and SPSS v21. Differences in the 
obtained results were considered statistically significant at a p level of ≤0.05. 
Survival was calculated using the Kaplan-Meier method, and the significance 
of differences was assessed using the log-rank test.
Results. The study included 28 patients with retroperitoneal non-organ 
liposarcomas with invasion of the great vessels: 9 (32.1%) men and 19 
(67.9%) women, aged 22 to 73 years (median age 49.5 [42.5; 55.0] years). 
Eleven patients (39.3%) had a primary tumor, and 17 (60.7%) had a recurrent 
tumor. In 13 patients (46.4%), liposarcoma corresponded to stage Ib according 
to the TNM classification, in 6 (21.4%), stage IIIa, and in 9 (32.1%), stage 
IIIb. Multinodular liposarcoma was diagnosed in 12 cases (42.9%). In 13 
patients (46.4%), the tumor had a high degree of differentiation (G1), in 7 
(25%), moderate grade (G2), and in 8 (28.6%), low grade (G3). Neoadjuvant 
chemotherapy (doxorubicin + ifosfamide) was received by 6 patients (21.4%) 
with a stabilizing effect. All 28 patients underwent radical surgery. Along with 
liposarcoma removal, resection of the main arteries (aorta, right/left iliac artery) 
was performed in 9 (32.1%) cases, resection of the main veins (inferior cava, 

right/left iliac veins) in 13 (46.5%) cases, and resection of arteries and veins 
in 6 (21.4%) cases. Multiorgan resections of 1-5 organs were performed in 21 
(75%) patients. The incidence of surgical complications of class III according 
to the Clavien-Dindo scale and above was 21.4% (n=6), postoperative mortality 
was 3.6% (n=1). The follow-up periods for 28 patients ranged from 2.3 to 189.8 
months (median 62.5 [14.8; 84.6] months). During this time, disease progression 
occurred in 20 (71.4%) patients, local recurrence developed in 12 (42.9%), 
distant metastases in 7 (25%), and both local recurrence and distant metastases 
in 1 (3.6%). Eight (28.6%) patients died from liposarcoma progression. The 
overall 1- and 3-year survival rates were 96.4±3.5%, 5-year survival rates were 
84.4±8.5%, and 10-year survival rates were 39.8±14.6% (median overall survival 
was 88.8 [72.3; -] months). The progression-free survival rates of liposarcoma 
were 84.8±7.0%, 48.9±11.2%, 21.7±9.5%, 5.4±5.3% and 21.7 [12.2; 52.5] 
months, respectively. Multivariate Cox regression analysis showed that the 
overall survival of 28 patients with retroperitoneal non-organ liposarcoma with 
invasion of great vessels was negatively affected by 3 independent factors: low 
degree of tumor differentiation, the presence of multinodular tumor and the 
presence of tumor invasion of organs located near the retroperitoneal non-organ 
liposarcoma, for which multiorgan resection was performed. Progression-free 
survival in retroperitoneal non-organ liposarcoma with great vessel invasion 
was statistically significantly negatively impacted by two independent factors: 
low tumor differentiation and the presence of tumor recurrence.
Conclusion. The results of our study demonstrated that radical surgical 
treatment of patients with retroperitoneal non-organ liposarcoma with great 
vessel invasion, including the aorta, is feasible in a specialized clinic. This 
treatment is associated with an acceptable complication rate and ensures a 
high overall 5-year survival rate of 84.4±8.5%.
Keywords: retroperitoneal non-organ liposarcoma with great vessel invasion, 
great artery resection, great vein resection, aortic resection, right/left iliac 
artery resection, inferior vena cava resection, right/left iliac vein resection.
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Возможности и результаты хирургического 
лечения больных забрюшинными неорганными 

липосаркомами с инвазией магистральных сосудов
М.Г. Абгарян, Е.В. Артамонова, Е.И. Коваленко, Т.А. Титова,  

М.П. Никулин, С.Н. Бердников, И.С. Стилиди
ФГБУ «Национальный медицинский исследовательский центр онкологии имени Н.Н. Блохина»  

Минздрава России (Москва, Российская Федерация)
Аннотация
Цель: показать возможность, безопасность и эффективность резекции 
магистральных артерий (аорта, правая/левая подвздошная артерия) и вен 
(нижняя полая, правая/левая подвздошная вены) у больных забрюшин-
ными неорганными липосаркомами с инвазией данных сосудов.
Материал и методы. В ретроспективное исследование вошли больные 
забрюшинными неорганными липосаркомами с инвазией магистральных 
сосудов, которым в ФГБУ НМИЦ онкологии им. Н.Н. Блохина в 2001–
2023 гг. провели хирургическое лечение в объеме удаления липосаркомы 
с мультиорганной резекцией и резекцией магистральных артерий (аорта, 
правая/левая подвздошная артерия) и вен (нижняя полая, правая/левая 
подвздошная вены). Для пластики сосудов использовали синтетические 
протезы Gore-Tex. При наличии удовлетворительного коллатерального 
оттока проводили циркулярную резекцию нижней полой вены без про-
тезирования. Осложнения хирургического лечения оценивали по шкале 
Clavien – Dindo. Для статистической обработки материала исследования 
использовали пакет программ Statistica for Windows v.10 и SPSS v21. 
Различия полученных результатов рассматривали как статистически 
значимые при уровне р ≤0,05. Расчет выживаемости провели по методу 
Каплана – Мейера, достоверность различий оценили по log-rank test.
Результаты. В исследование вошли 28 больных забрюшинными не-
органными липосаркомами с инвазией магистральных сосудов, это 9 
(32,1%) мужчин и 19 (67,9%) женщин в возрасте от 22 до 73 лет (медиана 
возраста 49,5 [42,5; 55,0] года). У 11 (39,3%) больных была первичная 
опухоль, у 17 (60,7%) – рецидивная. У 13 (46,4%) пациентов липосаркома 
соответствовала Ib стадии по классификации TNM, у 6 (21,4%) – IIIа ста-
дии и у 9 (32,1%) – IIIb стадии. В 12 (42,9%) случаях диагностировали 
многоузловую липосаркому. У 13 (46,4%) пациентов опухоль имела вы-
сокую степень дифференцировки (G1), у 7 (25%) – умеренную степень 
(G2) и у 8 (28,6%) – низкую (G3). Неоадъювантную химиотерапию 
(доксорубицин+ифосфамид) получили 6 (21,4%) больных с эффектом 
стабилизации. Все 28 пациентов оперированы в радикальном объеме. На-
ряду с удалением липосаркомы в 9 (32,1%) случаях выполнили резекцию 
магистральных артерий (аорта, правая/левая подвздошная артерия), в 13 
(46,5%) – резекцию магистральных вен (нижняя полая, правая/левая под-
вздошная вены) и в 6 (21,4%) – резекцию артерий и вен. Мультиорганные 

резекции 1–5 органов провели 21 (75%) пациенту. Частота осложнений 
хирургического лечения ≥III класса по шкале Clavien – Dindo составила 
21,4% (n=6), послеоперационная летальность – 3,6% (n=1). Сроки на-
блюдения за 28 больными варьировали от 2,3 до 189,8 мес. (медиана 
62,5 [14,8; 84,6] мес.). За это время прогрессирование заболевания воз-
никло у 20 (71,4%) пациентов, у 12 (42,9%) развился местный рецидив, у 
7 (25%) – отдаленные метастазы, у 1 (3,6%) – и местный рецидив, и отда-
ленные метастазы. Умерли от прогрессирования липосаркомы 8 (28,6%) 
больных. Общая 1- и 3-летняя выживаемость составила по 96,4±3,5%, 
5-летняя – 84,4±8,5%, 10-летняя – 39,8±14,6% (медиана общей выжива-
емости 88,8 [72,3; -] мес.). Показатели выживаемости без прогрессиро-
вания липосаркомы составили соответственно 84,8±7,0%, 48,9±11,2%, 
21,7±9,5%, 5,4±5,3% и 21,7 [12,2; 52,5] мес. Многофакторный регресси-
онный анализ Кокса показал, что на общую выживаемость 28 больных 
забрюшинными неорганными липосаркомами с инвазией магистральных 
сосудов отрицательно повлияли 3 независимых фактора: низкая степень 
дифференцировки опухоли, наличие многоузловой опухоли и наличие 
опухолевой инвазии органов, расположенных рядом с забрюшинной 
неорганной липосаркомой, по поводу которой выполнена мультиорган-
ная резекция. На выживаемость без прогрессирования забрюшинной 
неорганной липосаркомы с инвазией магистральных сосудов оказали 
статистически значимое отрицательное влияние 2 независимых фактора: 
низкая степень дифференцировки опухоли и наличие ее рецидива.
Заключение. Результаты проведенного нами исследования показали, что 
в условиях специализированной клиники возможно радикальное хирур-
гическое лечение больных забрюшинными неорганными липосаркомами 
с инвазией магистральных вен и артерий, включая аорту, которое сопро-
вождается приемлемым уровнем осложнений и обеспечивает высокую 
общую 5-летнюю выживаемость, составляющую 84,4±8,5%.
Ключевые слова: забрюшинная неорганная липосаркома с инвазией 
магистральных сосудов, резекция магистральных артерий, резекция 
магистральных вен, резекция аорты, резекция правой/левой подвздош-
ной артерии, резекция нижней полой вены, резекция правой/левой под-
вздошной вены.
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 INTRODUCTION

The majority of patients with retroperitoneal non-organ 
liposarcomas with invasions to major vessels are 

considered inoperable in Russi and many other countries. In 
the literature we were able to find only several reports on 
resection of major arteries and veins in such patients. In most 
cases, interventions are performed in the inferior vena cava 
(IVC) and iliac veins [1-3]. Resections of the aorta, celiac 
trunk and iliac arteries are performed very seldom [4-7]. At the 
same time, M.H.M. Schwarzbach et al. (2006) [7] consider that 
resection of vessels affected by the tumor is required for 18% 
of patients with retroperitoneal sarcoma, 64% of them need 
resections of veins, 16% need resections of arteries and 20% 
require simultaneous resections of arteries and vein. It was 
demonstrated that large liposarcomas compress or partially 
infiltrate the inferior vena cava and neighboring veins. Direct 
invasion of the wall of the vessel is found in histological 
tests in less than 8% of patients [2, 8]. Depending on the 
length of infiltration of the vessel wall, parietal or circular 
resection of the vessel is performed. Patients with less than 
50% involvement of the vein circumference undergo parietal 
resection with direct suturing or closure of the defect with a 
patch [1]. After circular resection and removal of the affected 
segment, prosthetic repair or ligation of the vein is performed. 
The type of repair is directly dependent on the intensity of 
collateral outflow [1, 9-11]. After circular resection the IVC 
ligation is performed, as a rule, only in patients with a well-
developed venation. F.C.M. Cananzi (2021) and N.A. Devaud 
et al. (2023) [12, 13] reported possibility of circular resection 
and ligation of the left renal vein only in the presence of 
outflow in the adrenal, diaphragm, lumbar and gonadal veins 
that required to be preserved during the surgery.

After the circular resection of the major arteries, M.M. 
Bertrand et al. (2016) [14] formed a direct anastomosis or 
performed re-implantation or prosthetic repair. The only 
exceptions were allowed for the internal iliac arteries. In the 
event of involvement of the peritoneal section of the aorta, 
prosthetics were used, while the visceral branches were 
preserved. In the literature, there are individual reports of 
clinical cases of resection with re-implantation and prosthetic 
repair of the celiac trunk and the superior mesenteric artery 
in the operation for the resection of the retroperitoneal tumor. 
All of them were attended with severe complications [5, 7].

There are few reports on the simultaneous resection of 
iliac arteries and veins as well [6, 14]. A. Lv et al. (2022) 
[6] found invasion of iliac vessels in 9% of patients with 
retroperitoneal sarcomas; in 70.8% of them, combined artery 
and vein resection was performed, in 25.0%, only the vein was 
resected, and in 4.2%, only the artery.

Multi-organ resections are performed in 50–80% of patients 
with retroperitoneal sarcomas with invasion of major vessels 
[9, 15-19]. A.Yu. Volkov et al. (2024) [15] performed multi-
organ resections in 53% of patients with G1 retroperitoneal 
non-organ liposarcomas and in 72% of patients with G2-G3 
tumors.

Thus, it follows from literature that radical surgical 
treatment of retroperitoneal non-organ liposarcoma with 
invasion of major vessels depends on the active surgical tactic 
in the volume of tumor resection en bloc with invaded vessels 
and organs and an adequate approach towards subsequent 

reconstruction of arteries and veins. This allows for local 
control and improves remote outcomes of treatment [15, 16] 
with an acceptable level of complications and mortality [9, 
16,17,19, 20].

 AIM
To demonstrate the feasibility, safety, and efficacy of 

resection of major arteries (aorta, right/left iliac artery) and 
veins (inferior vena cava, right/left iliac vein) in patients with 
retroperitoneal non-organ liposarcomas with major vessel 
invasion.

 MATERIAL AND METHODS
The retrospective study included patients with 

retroperitoneal non-organ liposarcomas with major vessel 
invasion who underwent surgical treatment at the N.N. Blokhin 
National Medical Research Center of Oncology from 2001 to 
2023. This included liposarcoma removal with multi-organ 
resection and resection of major arteries (aorta, right/left iliac 
artery) and veins (inferior vena cava, right/left iliac vein). Gore-
Tex synthetic grafts were used for vascular reconstruction, and 
neoadjuvant chemotherapy used doxorubicin and ifosfamide. 
Complications of surgical treatment were assessed using the 
Clavien-Dindo scale (1992) [21]. Statistical analysis of the 
study material was performed using Statistica for Windows 
v.10 and SPSS v21. Differences in the obtained results were 
considered statistically significant at a p level of ≤0.05 (≥95% 
accuracy). Survival was calculated using the Kaplan-Meier 
method, and the significance of differences was assessed using 
the log-rank test.

 RESULTS
Among the 28 patients with retroperitoneal non-organ 

liposarcomas with invasion of the great vessels there were 9 
(32.1%) men and 19 (67.9%) women aged from 22 to 73 years 
(median age 49.5 [42.5; 55.0] years). Eleven patients (39.3%) 
had a primary tumor, and 17 (60.7%) had a recurrent tumor. 
In 13 patients (46.4%), liposarcoma corresponded to stage Ib 
according to the TNM classification, in 6 (21.4%), stage IIIa, 
and in 9 (32.1%), stage IIIb. The median size of the tumor was 
15.0 [10.0; 28.5] cm (from 6 to 50 cm), and no patients had 
remote or regionary metastases. In 13 patients (46.4%), the 
tumor had a high degree of differentiation (G1), in 7 (25%), 
moderate grade (G2), and in 8 (28.6%), low grade (G3). 
Multinodular liposarcoma was diagnosed in 12 cases (42.9%). 
Neoadjuvant chemotherapy (doxorubicin + ifosfamide) was 
received by 6 patients (21.4%) with a stabilizing effect on the 
RECIST scale. Along with liposarcoma removal, resection of 
the main arteries (aorta, right/left iliac artery) was performed 
in 9 (32.1%) cases, resection of the main veins (inferior cava, 
right/left iliac veins) in 13 (46.5%) cases, and resection of 
arteries and veins in 6 (21.4%) cases. The extent of surgery 
on the major vessels is shown in Table 1. Gore-Tex synthetic 
grafts were used for vascular reconstruction. In the event a 
satisfactory collateral outflow was present, in all cases circular 
resection of the inferior vena cava with ligation was performed.

Multiorgan resections of 1-5 organs were performed 
in 21 (75%) patients. In 11 (39.3%) patients, a kidney was 
removed, in 10 (35.7%) the colon was resected, in 8 (28.6%), 
the diaphragm, in 4 (14.3%), the adrenal gland was removed, 
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in 2 (7.1%), the liver/duodenum/small intestine/rectum were 
resected, and in 1 (3.6%) patient, the pancreas.

All 28 patients underwent radical surgery. The median 
duration of the surgical intervention was 290 [245; 315] min. 
(170-540 min.). The blood loss varied from 300 to 9000 mL 
(median 750 [550; 1400] mL). Complications (from 1 to 7) 
of the surgical treatment developed in 19 (67.9%) patients. 
In six cases, their severity corresponded to ≥ Class III on the 
Clavien-Dindo scale. The prevailing complications were the 
thrombosis of the deep veins of the lower limbs (n=18; 64.3%), 
followed by pleuritis (n=15; 53.6%), pneumonia (n=8; 28.6%), 
thrombosis of the inferior vena cava (n=2; 7.1%), renal failure 
(n=2; 7.1%). In individual cases (3.6% each) there developed 
type A pancreatic fistula, pancreatic necrosis, hemorrhage from 
the acute gastrointestinal tract ulcer, multiorgan failure, sepsis 
and acute cardiovascular failure. Due to complications, 2 
(7.1%) patients underwent urgent repeat laparotomy surgeries 
to stop the bleeding from the duodenum ulcer and to amputate 
the lower limb against the background of vein thrombosis. The 
postoperative mortality was 3.6% (n=1).

The duration of the follow-up period for the 28 patients 
varied from 2.3 to 189.8 months (median 62.5 [14.8; 84.6] 
months). Within that period, disease progression occurred in 20 
(71.4%) patients, in 12 (42.9%), local recurrence, in 7 7 (25%), 
remote metastases and in 1 (3.6%), both the local recurrence 
and the remote metastases. Eight (28.6%) of patients dies 
from progression of the liposarcoma. The overall 1- and 
3-year survival was the same: 96.4 ± 3.5%; 5-year survival: 
84.4 ± 8.5%; 10-year survival: 39.8 ± 14.6% (median 88.8 
[72.3; -] months). Survival without liposarcoma progression, 
respectively, was 84.8 ± 7.0%, 48.9 ± 11.2%, 21.7 ± 9.5%, 5.4 
± 5.3% and 21.7 [12.2; 52.5] months.

Multivariate Cox regression analysis showed that the 
overall survival of 28 patients with retroperitoneal non-organ 
liposarcoma with invasion of great vessels was negatively 
affected by 3 independent factors. The first factor is the 
low degree of tumor differentiation: 5-year overall survival 
of patients with a G3 tumor is reliably lower as compared 
to G1 and G2 (43.7 ± 31.5% vs. 100% in G1, р=0.045 
and 43.7 ± 31.5% vs. 66.7 ± 27.2% in G2, р=0.049). The 
median of overall survival inpatients with a G3 tumor was 

50.7 [24.2;72.2] months, and in the G1 and G2 groups the 
median was not reached. The second factor is the presence of 
multinodular tumor. The median of overall survival of patients 
with a multinodular liposarcoma is credibly lower as compared 
with a single-nodular tumor (65 [38.2; 79.1] months vs. median 
not reached, р=0.049), in 5-year outcomes, respectively, 68.8 
± 20.7% and 91.7 ± 8.0%. The third factor is the presence 
of tumor invasion of organs located near the retroperitoneal 
non-organ liposarcoma, for which multiorgan resection was 
performed. The overall survival median of patients who 
underwent multiorgan resection is credibly (р=0.036) lower 
at 79.0 [62.3; 94.1] months with the 5-year value of 77.9 ± 
11.7% as compared to patients without multiorgan resection 
who did not reach an overall survival median, the 5-year value 
being 100%.

Progression-free survival in retroperitoneal non-organ 
liposarcoma with great vessel invasion was statistically 
significantly negatively impacted by two independent factors. 
The first factor was the low tumor differentiation. The median 
survival of patients with G1 liposarcoma was statistically 
higher (36.8 [5.0; 42.9] months) as compared to G2 (14.7 
[12.4; 19.3] months, р=0.015) and G3 (17.5 [6.3; 59.3] months, 
р=0.049) at 5-year survival, respectively, of 33.3 ± 23.2%, 
median not reached, and 26.0 ± 12.8%. The second factor 
was the presence of tumor recurrence. The median survival 
of patients with recurrent liposarcoma was credibly (р=0.008) 
lower at only 16.3 [9.9; 39.5] months with 5-year survival of 
11.8 ± 7.8% vs. 96 [37; -] months and 5-year survival in 66.7 
± 27.2% in patients with primary tumors.

 DISCUSSION
The results of our study align with literature data. We were 

able to perform radical surgeries on all patients with a 21.4% 
(n=6) incidence of complications of ≥ Class III according to 
the Clavien-Dindo scale and postoperative mortality of 3.6% 
(n=1). In the work of M.M. Bertrand et al. (2016) [14], the 
prevalence of R0-resections was 87%, the incidence of severe 
postoperative complications was 19.3% with no mortalities 
in the postoperative period. It follows from the literature that 
the incidence rate of Class III–V on the Clavien–Dindo scale 
after the resection of retroperitoneal sarcomas with vascular 

Extent of surgical intervention on the main vessels
Total (n=28)

Abs. %

Longitudinal resection

Right/left iliac artery 4 14,3

Inferior vena cava 3 10,7

Left iliac vein 1 3,6

Circular resection

Aortic bifurcation with prosthetic 1 3,6

Left iliac artery with end-to-end repair 1 3,6

Right/left iliac artery with end-to-end repair + circular resection of the right/left iliac vein with ligation 2 7,1

Left iliac artery with prosthetic 3 10,7

Left iliac artery with prosthetic + circular resection of the left iliac vein with ligation 4 14,3

Inferior vena cava with ligation 6 21,4

Inferior vena cava with prosthetic 1 3,6

Right/left iliac vein with ligation 2 7,1

Table 1. The extent of surgical intervention on the main vessels in 28 patients with retroperitoneal non-organ liposarcomas  
with invasion of the main vessels

Таблица 1. Объем оперативного вмешательства на магистральных сосудах у 28 больных забрюшинными неорганными 
липосаркомами с инвазией магистральных сосудов
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reconstruction varies from 16 to 54% [7, 9, 22-27]. In the large 
study of the TARPSWG group, such complications arose in 
16.4% patients, the postoperative mortality being 1.8% [25].  M. 
Ferraris et al. (2019) [22] report the level of severe complications 
at 22.4% with no data on mortality being available.

We stated progression of the liposarcoma, following 
the treatment, in 71.4% (n=20) patients, the 5-year overall 
survival rate was 84.4%, and progression-free survival was 
21.7%. Multivariate Cox regression analysis showed that the 
independent factors negatively affecting the overall survival 
were the low degree of tumor differentiation, the presence 
of multinodular tumor and the presence of tumor invasion of 
nearby organs. Progression-free survival in was negatively 
impacted the low tumor differentiation and the presence of 
tumor recurrence. According to the transatlantic register, 
recurrence of the disease is the cause of death for 75% of 
patients with retroperitoneal sarcomas [28]. In the study of G. 
Spolverato et al. (2021) [27], in patients with highly malignant 
tumors with vascular invasion, the incidence rate of local 
recurrences over 5 years was 45%; in the study of A. Gronchi 
et al. (2016) [4], the similar metric for 10 years was 59.3%. 
The generalized literature data shows that 5-year recurrence-
free survival rate is 20–35% with the 5-year overall survival 
being 50-60% [29].

Despite the high technical complexity, radical surgical 
treatment of patients with retroperitoneal non-organ 
liposarcomas with invasion of the main vessels is feasible and 
relatively safe. The patients’ survival largely depends on the 
degree of tumor malignity and its invasion of the surrounding 
tissue. We were able to reach an 84.4% of overall 5-year 
survival. To that end, in 75% of the patients we performed 
multi-organ resections to ensure that the surgical treatment 
was radical. Based on many years of personal experience, in 
performing resections and reconstructions of the main arteries 
and veins in patients with retroperitoneal liposarcomas with 
invasion of the main vessels, we recommend, in the presence 
of a well-developed collateral outflow, resign from the inferior 
vena cava repair to reduce the risk of thrombosis and infection 
of the prosthetic, and to relieve the patient from life-long intake 
of anticoagulants.

 CONCLUSION
The results of our study demonstrated that radical 

surgical treatment of patients with retroperitoneal non-organ 
liposarcoma with great vessel invasion, including the aorta, 
is feasible in a specialized clinic. This treatment is associated 
with an acceptable complication rate and ensures a high overall 
5-year survival rate of 84.4 ± 8.5%. 
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Abstract
Background. Preoperative examination of affected regional and distant 
lymph nodes is an important prognostic criterion when choosing treatment 
strategies for gastric cancer. In clinical practice, computed tomography 
(CT) with intravenous contrast is used to determine lymph node metastases, 
supplemented in controversial situations by positron emission tomography 
(PET) with 18F-fluorodeoxyglucose (18F-FDG). In cases of inconclusive CT 
and PET/CT scan results, morphological verification of the retroperitoneal 
lymph nodes is required using minimally invasive techniques: core biopsy 
and/or laparoscopy with retroperitoneal lymphadenectomy.
Aim: to evaluate the informative value and safety of laparoscopic 
retroperitoneal lymphadenectomy for the evaluation of retroperitoneal lymph 
nodes suspected of gastric cancer metastases.
Material and methods. A total of 482 patients diagnosed with gastric and/
or cardioesophageal junction cancer type II-III according to the Siewert 
classification were analyzed. They were treated at the Blokhin National 
Medical Research Center of Oncology from 2019 to 2023. If CT revealed 
retroperitoneal lymph nodes suspicious for metastases, 18F-FDG PET/CT 
was performed. If PET/CT data clearly showed metastasis, the patient was 
considered inoperable (M1). If PET/CT data revealed intact retroperitoneal 
lymph nodes, their morphological verification was not performed. In cases of 
questionable metabolic changes in the retroperitoneal lymph nodes, a decision 

was made to morphologically verify them using core biopsy under ultrasound 
or CT navigation. If core biopsy was not technically feasible, laparoscopy with 
retroperitoneal lymphadenectomy was performed.
Results. CT scans revealed retroperitoneal lymph nodes suspicious for 
metastases in 19/482 (3.9%) patients. 18F-FDG PET/CT scanning revealed 
foci of pathological radiopharmaceutical accumulation in retroperitoneal 
lymph nodes (M1) in 5/19 (26.3%) patients; metabolic and structural changes 
in the retroperitoneal lymph nodes were not detected in 6/19 (31.6%) patients. 
Questionable metabolic changes in the retroperitoneal lymph nodes were 
detected in 8/19 (52.6%) patients: core biopsy with ultrasound or CT navigation 
was performed in 3 (15.8%) patients, and biopsy was technically unfeasible in 
5 patients. In one patient (5.3%), gastric cancer metastasis was confirmed by 
ultrasound-guided biopsy, and in two patients (10.5%), gastric cancer metastases 
were verified by retroperitoneal lymphadenectomy. No complications were 
recorded during core biopsy or retroperitoneal lymphadenectomy.
Conclusion. Laparoscopic retroperitoneal lymphadenectomy is an informative 
and safe minimally invasive method for morphological verification of 
retroperitoneal lymph nodes suspected of containing gastric cancer metastases.
Keywords: gastric cancer, metastases in the retroperitoneal lymph nodes, 
laparoscopic retroperitoneal lymphadenectomy.
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 INTRODUCTION
Preoperative study of affected regionary and remote lymph 

nodes is an important prognostic criterion in the selection of 
tactics of gastric cancer treatment [1–3]. In routine clinical 
practices, the evaluation of the status of lymph collectors 
in the cases of malign gastric tumors involves computed 
tomography (CT) with intravenous contrast enhancement, 
in dubious situations augmented by positron emission 
tomography (PET) with 18F-FDG (18F-fludeoxyglucose) [4, 
5]. However, these methods do not provide absolute accuracy, 
especially with suspicions of metastases of gastric cancer in 
the retroperitoneal lymph nodes which occur in 8.5–28% 
cases, according to literature [2, 6, 7].

Morphological verification of involved retroperitoneal 
lymph nodes in cases of gastric cancer identifies the lesion 
site (М1), which directly affects the choice of the proper 
treatment tactic [1, 8, 9]. Core-biopsy and laparoscopy with 
retroperitoneal lymph node dissection are considered as 
the safest diagnostic methods as compared to open access 
lymph node biopsy [10–13].

Extensive lymph node dissection with removal of 
paraaortic lymph nodes is not currently regarded as a 

standard of surgical treatment: its use is not associated 
with improvement of remote oncological outcomes and is 
accompanied with increased extent of the surgical wound 
and frequency of postoperative complications [14, 15].

 AIM
The article analyzes the experience of minimally 

invasive methods of verification of metastatic involvement 
of retroperitoneal lymph nodes in gastric cancer.

 MATERIAL AND METHODS
Data of 482 patients diagnosed with gastric and/or 

cardioesophageal junction cancer type II-III according 
to the Siewert classification were analyzed. They were 
treated at the Blokhin National Medical Research Center 
of Oncology from 2019 to 2023.

Patient evaluation included gastroscopy with endoscopic 
ultrasonography and tumor biopsy, contrast‑enhanced 
computed tomography of the chest, abdomen, and 
pelvis, as well as diagnostic laparoscopy with peritoneal 
washing for cytological examination. Each clinical case 
was discussed with a multidisciplinary team involving 

Аннотация
Обоснование. Предоперационное исследование пораженных регионар-
ных и отдаленных лимфатических узлов – важный прогностический 
критерий при выборе тактики лечения рака желудка. В клинической 
практике для определения метастатического поражения лимфоузлов 
используется компьютерная томография (КТ) с в/в контрастированием, 
в спорных ситуациях дополненная позитронно-эмиссионной томогра-
фией (ПЭТ) с 18F-фтордезоксиглюкозой (18F-ФДГ). При неоднозначном 
результате при КТ и ПЭТ/КТ-сканировании требуется морфологическая 
верификация забрюшинных лимфатических узлов посредством мало-
инвазивных методик: сore-биопсии и/или лапароскопии с забрюшинной 
лимфаденэктомией.
Цель: оценить информативность и безопасность метода лапароскопиче-
ской забрюшинной лимфаденэктомии для оценки подозрительных в от-
ношении метастазов рака желудка забрюшинных лимфатических узлов.
Материал и методы. Проанализировано 482 случая пациентов с диа-
гнозом рак желудка и/или кардиоэзофагеального перехода II–III типа 
по классификации Siewert, которым проводилось лечение с 2019 по 
2023 гг. в НМИЦ онкологии им. Н.Н. Блохина. В случае выявления по-
дозрительных в отношении метастазов забрюшинных лимфатических 
узлов по данным КТ выполнялась ПЭТ-КТ 18F-ФДГ. При однозначном 
их поражении по данным ПЭТ-КТ пациент признавался неоперабельным 
(М1). При интактных забрюшинных лимфатических узлах по данным 
ПЭТ-КТ их морфологическая верификация не проводилась. В случае 
сомнительных метаболических изменений в забрюшинных лимфоуз-
лах принималось решение в пользу их морфологической верификации 

с помощью core-биопсии под УЗ- или КТ-навигацией. При отсутствии 
технической возможности core-биопсии выполнялась лапароскопия с 
забрюшинной лимфаденэктомией.
Результаты. У 19/482 (3,9%) пациентов по данным КТ были выявлены 
подозрительные в отношении метастазов забрюшинные лимфатические 
узлы. После выполнения ПЭТ/КТ-сканирования с 18F-ФДГ у 5/19 (26,3%) 
больных были выявлены очаги патологического накопления радиофарм-
препарата в забрюшинных лимфоузлах (М1); у 6/19 (31,6%) пациентов 
метаболические и структурные изменения в забрюшинных лимфоузлах 
выявлены не были. Сомнительные метаболические изменения в забрю-
шинных лимфоузлах выявлены у 8/19 (52,6%) пациентов: у 3 (15,8%) 
больных выполнена core-биопсия с УЗ- или КТ-навигацией, 5 пациентам 
выполнение биопсии было технически недоступно. У одного пациента 
(5,3%) при проведении биопсии под УЗ-контролем подтвержден метастаз 
рака желудка, у 2 (10,5%) пациентов были верифицированы метастазы 
рака желудка при проведении забрюшинной лимфаденэктомии. Ослож-
нений при проведении core-биопсии и забрюшинной лимфаденэктомии 
зафиксировано не было.
Заключение. Лапароскопическая забрюшинная лимфаденэктомия яв-
ляется информативным и безопасным малоинвазивным методом мор-
фологической верификации подозрительных в отношении метастазов 
рака желудка забрюшинных лимфатических узлов.
Ключевые слова: рак желудка, метастазы в забрюшинных лимфоузлах, 
лапароскопическая забрюшинная лимфаденэктомия.
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an oncologist surgeon, chemotherapist, morphologist 
and allied specialists. If computed tomography revealed 
retroperitoneal lymph nodes suspicious for metastases 
during the multidisciplinary team discussion, PET‑CT was 
performed. When unequivocal metastatic involvement was 
confirmed by PET‑CT, the patient was deemed inoperable 
(stage M1), and treatment decision was subsequently made 
in favor of first‑line chemotherapy. When PET‑CT showed 
intact retroperitoneal lymph nodes, no morphological 
verification of those nodes was performed. In equivocal 
cases, a decision was made to obtain morphological 
verification via core needle biopsy under ultrasound or 
CT guidance. When core needle biopsy was technically 
not feasible, laparoscopy with retroperitoneal lymph 
node dissection was performed (Fig. 1). The extent and 
boundaries of lymph node dissection were not standardized 
but were determined based on the number and location of 
suspicious lymph nodes.

The standard laparoscopic approach to the paraaortic 
area used in clinical practice is the transmesenteric approach 
(through the mesentery of the colon with mobilization of the 
small bowel at the ligament of Treitz). Placement of a safety 
drain in the area of lymph node dissection is also mandatory.

This study presents a retrospective analysis of a 
diagnostic algorithm aimed at demonstrating the feasibility 
and safety of the described method, which, of course, limits 
the statistical power of the study. Accurate staging of tumor 
dissemination in this group of patients enabled the selection 
of an appropriate treatment strategy and, when M1 status 
was confirmed, avoided surgical intervention in the form 
of gastrectomy or gastric resection.

CT scans of the chest, abdomen, and pelvis were 
performed using Somatom Emotion 6 and Somatom 
Scope 16 (Siemens) multislice CT scanners. First, 
non‑contrast (native) spiral scanning was performed 
with a slice thickness of 5 mm, table feed of 5 mm 
and reconstruction interval of 3 mm. After intravenous 
administration of a radiopaque contrast agent (with 
an automatic injector), images were acquired during 
the arterial phase (15–20 s), venous phase (40–45 s) 
and delayed phase (5 minutes later). For contrast 
enhancement, the non‑ionic radiopaque contrast agents 
Omnipaque (Iohexol) by GE Healthcare or Optiray 
(Ioversol) by Mallinckrodt were injected into the 
antecubital vein via an automatic Medrad injector at a 
volume of 100 mL and a rate of 1.8–3 mL/s. Metastatic 
involvement of regional and distant lymph nodes was 
assessed on CT according to ESMO criteria (short‑axis 
diameter 6–8 mm, round or irregular shape, presence 
of a central necrosis zone, asymmetric or enhanced 
fragmented blood flow within the lymph node).

PET/CT (positron emission tomography combined with 
computed tomography) with 18F‑FDG was performed using 
a Biograph mCT scanner (Siemens, Germany) 60 minutes 
after intravenous administration of the radiopharmaceutical 
at a dose of 5 MBq/kg. Scanning protocol: from the skull 
base to the mid‑thigh, with the upper extremities elevated; 
acquisition time of 3 minutes per bed position. All scans 
were performed strictly under fasting conditions (no food 
intake for 6 hours prior to the scan). After reconstruction 
of the PET and CT data, image analysis was performed 
independently by two specialists (a radiologist and a 
nuclear medicine physician, each with over three years of 
experience in interpreting PET/CT images) on Syngo via 
workstations (Siemens, Germany), with access to clinical 
information. Radiopharmaceutical uptake in pathological 
lesions was assessed using the standardized uptake value 
(SUVmax‑bw). On analyzing the fused images, a positive 

Case review by multidisciplinary teamPatient evaluation at outpatient stage

M1 status suspected in retroperitoneal
 lymph nodes based on CT findings

PET-CT with 18F-FDG

No metabolic and structural 
changes in lymph nodes

Equivocal metabolic changes
 in lymph nodes

Presence of sites of pathological 
uptake of radiopharmaceutical 

drug in lymph nodes

Combined treatment
Evaluation of technical feasibility of 

core-biopsy (ultrasound or CT guidance)
First line of pharmacological therapy

Yes                                       No

Core biopsy 
(ultrasound or CT guidance)

Laparoscopic retroperitoneal 
lymph node dissection

Figure 1. Algorithm for examining a patient with retroperitoneal 
lymph nodes suspicious for gastric cancer metastases.
Рисунок 1. Алгоритм обследования пациента при наличии 
подозрительных в отношении метастазов рака желудка 
забрюшинных лимфатических узлов.
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finding regarding the status of retroperitoneal lymph 
nodes (presence of active tumor tissue) was defined as 
focal pathological radiopharmaceutical uptake exceeding 
the background uptake in surrounding normal tissues. An 
equivocal finding was defined as 18F FDG uptake with 
an SUVmax in the range of 1.5–2.5, accompanied by 
suspicious features on CT.

 RESULTS
In the period of 2019 – 2023, on the base of the 

Abdominal Department of the Blokhin National Medical 
Research Center of Oncology, 482 clinical cases of 
gastric and cardioesophageal junction type II–III cancer 
were analyzed. In 19 (3.9%) patients, CT data revealed 
retroperitoneal lymph nodes suspicious for metastatic 
involvement in the absence of other distant lesions. All 19 
patients underwent PET-CT scanning with 18F FDG. The 
clinical and morphological characteristics of patients follow 
in Table 1.

According to PET data, in 5/19 (26.3%) patients, sites 
of pathological uptake of radiopharmaceutical drug were 

Characteristics Total patients (n=19)
Age, n (%)

<70 15 (78.9%)
≥70 4 (21.1%)

Sex, n (%)
Male 16 (84.2%)
Female 3 (15.8%)

Tumor localization in the stomach, n (%)
Proximal section 2 (10.5%)
Body 3 (15.8%)
Antrum 1 (5.3%)
Subtotal involvement 13 (68.4%)

Stage (сТ), n (%)
cT1b/T2 5 (26.3%)
cT3/T4 14 (73.7%)

Stage (cN), n (%)
cN0 3 (15.8%)
cN+ 16 (84.2%)

Tumor differentiation grade, n (%)
High 6 (31.6%)
Low 13 (68.4%)

Type according to P. Lauren, n (%)
Intestinal 9 (47.4%)
Diffuse 10 (52.6%)

Table 1. Clinical and morphological characteristics of patients  
with gastric cancer with suspected metastases  
in the retroperitoneal lymph nodes
Таблица 1. Клинико-морфологические характеристики 
больных раком желудка с подозрением на метастазы  
в забрюшинных лимфоузлах

Figure 2. Patient 1. Gastric cardia cancer. According to 18F-FDG PET/CT (axial slices, A – CT with intravenous contrast, B – combined PET/
CT images), multiple flat and round lymph nodes (arrows) with pathological accumulation of radiopharmaceuticals (up to SUVmax 5.89) are 
detected in the retroperitoneal space along the aorta and inferior vena cava, which corresponds to a tumor lesion.
Рисунок 2. Пациент 1. Рак кардиального отдела желудка. По данным ПЭТ/КТ с 18F-ФДГ (аксиальные срезы, А – КТ с 
внутривенным контрастированием, Б – совмещенные изображения ПЭТ/КТ) в забрюшинном пространстве по ходу аорты 
и нижней полой вены определяются множественные плоские и округлые лимфатические узлы (стрелки) с патологическим 
накоплением РФЛП – до SUVmax 5,89, что соответствует опухолевому поражению.

Figure 3. Patient 2. Gastric body cancer. According to 18F-FDG PET/CT (axial slices, A – CT with intravenous contrast, B – combined PET/
CT images), an enlarged flat lymph node (arrows) with low radiopharmaceutical uptake (up to SUVmax 1.52) is visualized in the left para-
aortic region, suggesting questionable radiopharmaceutical uptake. A biopsy was performed using ultrasound guidance, revealing metastatic 
low-grade gastric cancer.
Рисунок 3. Пациент 2. Рак тела желудка. По данным ПЭТ/КТ с 18F-ФДГ (аксиальные срезы, А – КТ с внутривенным 
контрастированием, Б – совмещенные изображения ПЭТ/КТ) парааортально слева визуализируется увеличенный плоский 
лимфатический узел (стрелки) с низким уровнем накопления РФЛП – до SUVmax 1,52, что позволяет расценивать 
результаты исследования как сомнительные. Была выполнена биопсия под УЗ-навигацией, получены данные о метастазе 
низкодифференцированного рака желудка.
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identified in retroperitoneal lymph nodes (Fig. 2) with 
SUVmax values range of 2.5–13.23. The patients were 
prescribed first line pharmacological therapy.

In 6 (31.6%) patients, metabolic (SUVmax ≤ 1.4) and 
structural changes in the retroperitoneal lymph nodes were 
not found. The council of physicians prescribed combined 
treatment to these patients (perioperational chemotherapy 
+ surgery) according to international standards.

Metabolic changes in the retroperitoneal lymph nodes, 
considered as dubious, were found in 8/19 (52.6%) patients. 
In three (15.7%) patients, the localization of lymph nodes 
allowed for core-biopsy under ultrasound or CT guidance 
(2 and 1 cases, respectively). In one (5.3%) patient, in the 
course of ultrasound-guided biopsy, the metastasis of gastric 
cancer into retroperitoneal lymph nodes was confirmed 
(Fig. 3).

In five patients (26.3%), core-biopsy was not feasible 
technically. These patients underwent laparoscopic 
retroperitoneal lymph node dissection. In 2 (10.5%) 
patients, metastases of gastric cancer were verified. The 
number of studied lymph nodes was 3–8.

Thus, all 8 patients with dubious status of retroperitoneal 
lymph nodes underwent sampling of material for 
morphological examination by minimally invasive methods, 
and in 3 (15.7%) cases it was possible to verify metastases 
of gastric cancer. There were no complications in the 
performance of core-biopsy and retroperitoneal lymph 
nodes dissection, which indicated safety of these diagnostic 
methods (Fig. 4).

 DISCUSSION
Assessment of the extent of regional and distant 

lymph node involvement in gastric cancer remains a 
relevant clinical challenge. According to literature data, 

retroperitoneal lymph nodes suspicious for metastatic 
involvement in gastric cancer are found in 8.5–28% cases. 
Data comparing the efficacy of radiological methods for 
assessing involved retroperitoneal lymph nodes in the 
absence of other distant gastric cancer metastases remain 
limited. In their study, С. Аltini et al. (2015) showed that the 
specificity of the PET/CT-18F-FDG is significantly higher 
than that of contrast-enhanced CT (88.57% vs. 62.86%; p 
= 0.017), with comparable values of sensitivity (60% vs. 
80%; р = 0.687) [4]. A research group from South Korea 
published a meta‑analysis confirming that the specificity 
and sensitivity of PET‑CT for gastric cancer staging depend 
on the histological subtype of the tumor and on the size 
of involved lymph nodes (<3 mm). In individual clinical 
cases, the SUVmax value of involved retroperitoneal lymph 
nodes was 7.2 [5]

 CONCLUSION
While radiological diagnostic methods are widely 

adopted, false‑positive and false‑negative results 
still occur, prompting clinicians to resort to direct 
morphological verification of suspicious lesions using 
available minimally invasive techniques in order to 
determine the optimal treatment strategy. Percutaneous 
biopsy under ultrasound or CT guidance is a more 
preferable procedure; however, its efficacy and technical 
feasibility are limited when retroperitoneal lymph nodes 
are deeply located or small in size. 

Our own experience with morphological verification 
using laparoscopic retroperitoneal lymph node dissection 
has demonstrated its efficacy and, importantly, its safety. 
Nevertheless, further study and refinement are required 
to facilitate its implementation into routine clinical 
practice. 

Suspected M1 in retroperitoneal lymph
nodes according to CT (n=18)

M1 (n=1)                     M0 (n=1)                                      M0 (n=1)                                       M1 (n=2)                     M0 (n=3)

PET-CT with 18F-FDG (n=19)

No metabolic and structural 
changes in the lymph nodes 

(n=6)

Questionable metabolic 
changes in the lymph nodes 

(n=8)

Presence of sites of pathological
radiopharmaceutical uptake 

in the lymph nodes (n=5)

Core-biopsy with ultrasound 
guidance (n=2)

Core-biopsy with CT guidance 
(n=1)

Laparoscopic retroperitoneal 
lymph node dissection (n=5)

No complications in the course of verification were found

Figure 4. Research results.
Рисунок 4. Результаты исследования.
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Геопространственный анализ заболеваемости 
населения Республики Татарстан раком легких и ее 
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Аннотация
Цель: выявить закономерности формирования заболеваемости раком 
легких населения Республики Татарстан и ее зависимость от загрязнения 
атмосферного воздуха и цикличности солнечной активности.
Материал и методы. В качестве исходных данных использованы следу-
ющие материалы: о заболеваемости раком легких, приведенные в канцер-
регистре Республиканского клинического онкологического диспансера 
Минздрава Республики Татарстан за период с 2012 по 2021 гг.; о выбро-
сах в атмосферу и концентрациях канцерогенов в атмосферном воздухе, 
приведенные в Государственных докладах «О состоянии окружающей 

природной среды Республики Татарстан» Министерства экологии и при-
родной среды Республики Татарстан.
Результаты. В исследовании показана высокая степень связи между ком-
плексным индексом загрязнения атмосферного воздуха канцерогенами 
и заболеваемостью населения раком легких (r=0,79 на уровне α=0,05). 
Также был проведен статистический анализ многолетнего уровня заболе-
ваемости населения и ее связи с уровнем солнечной активности с исполь-
зованием относительного числа солнечных пятен (число Вольфа – W).  
Коэффициент корреляции между W и заболеваемостью раком легких 
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Abstract
Aim: to identify patterns of lung cancer incidence in the population of the 
Republic of Tatarstan and its dependence on air pollution and the cyclicity 
of solar activity.
Material and methods. The following data were used as initial data: data on 
lung cancer incidence available in the cancer registry of the Republican Clinical 
Oncology Dispensary of the Ministry of Health of the Republic of Tatarstan 
for the period from 2012 to 2021; data on emissions into the atmosphere and 
concentrations of carcinogens in the atmospheric air, available in the State 
reports “On the state of the natural environment of the Republic of Tatarstan” of 
the Ministry of Ecology and Natural Environment of the Republic of Tatarstan.
Results. The study demonstrated a high degree of correlation between 
the comprehensive index of air pollution with carcinogens (IAPc) and the 
incidence of lung cancer in the population (r=0.79 at the level of α=0.05). 

To identify the relationship between the solar activity and the incidence 
of lung cancer, a statistical analysis of the long-term incidence rate of the 
population and the level of solar activity was carried out using the relative 
number of sunspots (Wolf number, W). The correlation factor between W 
and the incidence of lung cancer is significant at α=0.05, the value being 
r=0.72, which indicates a noticeable strength of the relationship between 
the studied indicators.
Conclusion. Improving the monitoring system, monitoring the state of the 
external environment, and measures to prevent air pollution will help reduce 
the incidence of cancer, including lung cancer.
Keywords: lung cancer, geographic information system, air pollution with 
carcinogens, solar activity.
Conflict of interest: nothing to disclose.

Сitation
Gataullin BI, Shlychkov AP, Biktemirova RG, Gataullin IG. 
Geospatial analysis of the incidence of lung cancer in the population of the Republic 
of Tatarstan and its relationship with natural and anthropogenic factors. Science and 
Innovations in Medicine. 2026;11(2):129-135. DOI: https://doi.org/10.35693/SIM701205 

Information about authors
*Bulat I. Gataullin – MD, Cand. Sci. (Medicine), assistant of the Department  
of Oncology, Radiology and Palliative.
ORCID: https://orcid.org/0000-0003-1695-168X
E-mail: bulatg@list.ru
Anatolii P. Shlychkov – Cand. Sci. (Geography), Senior Researcher at the Institute of 
Ecology and Natural Resources of the Republic of Tatarstan.
ORCID: https://orcid.org/0000-0001-9671-3969
E-mail: shlychkov@mail.ru

Raisa G. Biktemirova – MD, Dr. Sci. (Medicine), Professor  
of the Department of Human Health Protection.
ORCID: https://orcid.org/0000-0002-0416-5342
E-mail: RGBiktemirova@kpfu.ru
Ilgiz G. Gataullin – MD, Dr. Sci. (Medicine), Professor  
of the Department of Oncology, Radiology and Palliative.
ORCID: https://orcid.org/0000-0001-5115-6388
E-mail: ilgizg@list.ru
*Corresponding author 

Received: 18.01.2026
Accepted: 05.03.2026
Published: 27.03.2026	

http://www.innoscience.ru
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1695-168X
mailto:bulatg@list.ru
https://orcid.org/0000-0001-9671-3969
mailto:shlychkov@mail.ru
https://orcid.org/0000-0002-0416-5342
mailto:RGBiktemirova@kpfu.ru
https://orcid.org/0000-0001-5115-6388
mailto:ilgizg@list.ru


130  www.innoscience.ru

То м  11  ( 2 )  2 0 2 6                    Н ау к а  и  и н н о в а ц и и  в  м ед и ц и н е  ОНКОЛОГИЯ, ЛУЧЕВАЯ ТЕРАПИЯ

 INTRODUCTION
The incidence rate of oncological diseases is steadily 

increasing worldwide; this stimulates development of 
new strategies of combating them. Primary prevention has 
always focused on decreasing the morbidity rate by means 
of programs aiming at reduction of exposure of population to 
known cause factors. At the same time, prior to implementation 
of any strategies whatsoever, it is necessary to evaluate the 
probable effect of these causes on cancer rate and possibility 
of mitigating or eliminating their effect.

The analysis of incidence rate of diseases by using 
geographical informational systems (GIS) assists in 
identification of some correlations, studying of cause-and-
effect relations, finding the main factors and predicting the 
situation for several years to come [1, 2]. In studying the cancer 
rates, the use of GIS helps in finding the trends of morbidity 
and mortality. This is instrumental in screening and treatment, 
as well as in delivery of efficient prevention programs [3]. 

One of the objects of study may be the lung cancer, a leading 
oncopathology with almost 2.5 million new cases and more 
than 1.8 million deaths worldwide in 2022. In the morbidity 
and mortality structure, it accounts for almost every eighth 
(12.4%) cancer diagnosis in the world and every fifth (18.7%) 
case of death due to cancer [4].

While the leading cause of lung cancer is smoking, pollution 
of the ambient air is no less significant in its etiology. It is the 
cause of 7 million deaths per year, but 99% of the world’s 
population live in locations where levels of pollution exceed 
those stated in the WHO recommendations1. Use of coal 
and heating oil as fuel, and high concentration of industrial 
enterprises have adverse effects on human health [5, 6]. 
Especially important is the role of coal-containing particles 
from vehicles and roads [7]. Some papers presented proof 
of air pollutants; capability of not only directly irritating the 
epithelium of airways but also causing oxidative stress and 
inflammation that underlie lung tumors [8, 9].

Solar radiation and the resulting geomagnetic activity are 
crucial factors in synchronizing human internal biorhythms 
with the environment. A number of studies have shown that 

solar activity and solar-induced geomagnetic disturbances 
influence the manifestation of arterial hypertension in elderly 
men [10]. A relationship has also been identified between solar 
and geomagnetic activity and human cognitive function [11]. It 
seems important to study the possible etiological role of cycles 
of solar activity in the occurrence of sarcoma of soft tissues. 
A relationship has now been established between indices of 
solar activity (Wolf numbers) and the incidence of leukemia, 
lymphomas, embryonal tumors, and other neoplasms [12]. 
Of considerable interest is the observed increase over time 
in the correlation between soft tissue sarcoma incidence and 
solar activity indices in the entire age population of Russia 
during the period 1990–2019, coinciding with a decrease in 
solar activity (cycles 22–24) over this interval [13]. Studies of 
incidence of non-Hodgkin lymphomas in children and adults 
in the USA established a cyclic pattern similar to solar activity, 
with a lag (delay) [14, 15].  Studies undertaken in Russia, 
confirmed the connection of the cyclic pattern of solar activity 
with the incidence of non-Hodgkin lymphomas in children and 
adults [16, 17]. A supposition was made on the influence of 
cycles of solar activity on the development of melanoma in 
humans. This hypothesis predicts a time delay in the cycles of 
melanoma rates relative to solar activity with the increasing 
distance from the polar caps [18]. It is possible that changes 
in the solar and geomagnetic activity influence the release of 
melatonin and the vegetative nervous system thus performing 
the pathological process [11]. This concerns, among other things, 
the balance between stress and anti‑stress hormones, oxidative 
and antioxidant reactions, the ratio of suppressor and helper 
activity, as well as energy processes in immune cells [19, 20].

 AIM
To identify patterns of lung cancer incidence in the 

population of the Republic of Tatarstan and its dependence 
on air pollution and the cyclicity of solar activity.

 MATERIAL AND METHODS
The following was used as initial data: data on lung cancer 

incidence available in the cancer registry of the Republican 

1WHO Global Air Quality Guidelines. Particulate Matter (PM2.5 and PM10), Ozone, Nitrogen Dioxide, Sulfur Dioxide and Carbon Monoxide. World Health Organization, 2021.  
URL: https://www.who.int/publications/i/item/9789240034228

является значимым на уровне α=0,05 и составляет r=0,72, что свиде-
тельствует о заметной силе связи между исследуемыми показателями.
Заключение. Совершенствование системы мониторинга, контроль за 
состоянием внешней среды, мероприятия по предотвращению загрязнен-
ности атмосферного воздуха способствуют снижению онкологической 
заболеваемости населения раком легких.

Ключевые слова: рак легких, географическая информационная си-
стема, загрязнение атмосферного воздуха канцерогенами, солнечная 
активность.
Конфликт интересов: не заявлен.

Для цитирования:
Гатауллин Б.И., Шлычков А.П., Биктемирова Р.Г., Гатауллин И.Г. 
Геопространственный анализ заболеваемости населения Республики Татарстан 
раком легких и ее связь с природными и антропогенными факторами. Наука и 
инновации в медицине. 2026;11(2):129-135. DOI: https://doi.org/10.35693/SIM701205

Сведения об авторах
*Гатауллин Булат Ильгизович – канд. мед. наук, ассистент кафедры онкологии, 
радиологии и паллиативной медицины.
ORCID: https://orcid.org/0000-0003-1695-168X
E-mail: bulatg@list.ru
Шлычков А.П. – канд. геогр. наук, старший научный сотрудник Института 
проблем экологии и природных ресурсов Республики Татарстан.
ORCID: https://orcid.org/0000-0001-9671-3969
E-mail: shlychkov@mail.ru

Биктемирова Р.Г. – д-р мед. наук, профессор кафедры охраны здоровья человека.
ORCID: https://orcid.org/0000-0002-0416-5342
E-mail: RGBiktemirova@kpfu.ru
Гатауллин И.Г. – д-р мед. наук, профессор кафедры онкологии, 
радиологии и паллиативной медицины.
ORCID: https://orcid.org/0000-0001-5115-6388
E-mail: ilgizg@list.ru
*Автор для переписки

Список сокращений
ГИС – географическая информационная система; ИЗАк – индекс загрязнения 
атмосферы канцерогенами; ПДК – предельно допустимая концентрация.	

Получено: 18.01.2026
Одобрено: 05.03.2026
Опубликовано: 27.03.2026

http://www.innoscience.ru
https://www.who.int/publications/i/item/9789240034228
https://orcid.org/0000-0003-1695-168X
mailto:bulatg@list.ru
https://orcid.org/0000-0001-9671-3969
mailto:shlychkov@mail.ru
https://orcid.org/0000-0002-0416-5342
mailto:RGBiktemirova@kpfu.ru
https://orcid.org/0000-0001-5115-6388
mailto:ilgizg@list.ru


 www.innoscience.ru 131

S c i e n c e  &  I n n o v a t i o n s  i n  M e d i c i n e                  Vo l . 11  ( 2 )  2 0 2 6 ONCOLOGY AND RADIOTHERAPY

Clinical Oncology Dispensary of the Ministry of Health of 
the Republic of Tatarstan for the period from 2012 to 2021; 
data on emissions into the atmosphere and concentrations of 
carcinogens in the atmospheric air, available in the State reports 
“On the state of the natural environment of the Republic of 
Tatarstan” of the Ministry of Ecology and Natural Environment 
of the Republic of Tatarstan1.

Among the anthropogenic factors, concentrations of 
carcinogenic substances in the air are taken into account, and 
among the natural factors, the solar activity (Wolf numbers 
(W)). The complex index of air pollution with carcinogens 
(IAPc) was calculated with breakdown by substances in the 
maximum allowed concentration (MAC) with respect to their 
hazard class (benzo[a]pyrene and formaldehyde).

For the purposes of qualitative assessment of incidence rate 
of lung cancer, the criteria for the ‘low’, ‘medium’ and ‘high’ 
were developed (Table 1). 

In order to evaluate the intensity of increase (decrease) of 
lung cancer incidence rate using the recommendations provided 
in the work of A.A. Isaev (1988) [21], for each municipal 
region and urban district linear regression equations were 
formed у=ах+b, which were used to determine the morbidity 
trend. If the regression equation yields а > 0, a trend for lung 
cancer incidence rate in the municipal region and urban district 
is considered to increase, and if it yields а < 0, to decrease. 
Besides the intensity of increase (decrease) of lung cancer 
incidence rate depends on the absolute value of the factor а.

For the qualitative assessment of increase (decrease) of lung 
cancer incidence rate, trend evaluation criteria were developed: 
‘significant’, ‘visible’ and ‘weak’ (Table 2). 

The information on the solar activity W was obtained from 
the website of the World Data Center for Solar-Terrestrial 
Physics2. Correlation analysis was selected as the primary 
analytical approach to assess the association between lung 
cancer incidence rates and parameters of solar and geomagnetic 
activity.

 RESULTS AND DISCUSSION
Lung cancer incidence rates among the population of 

municipal regions and urban districts of the Republic of 
Tatarstan for the period of 2012-2021 were studied. Zoning 
of the territory of the Republic of Tatarstan by lung cancer 
incidence rate is shown in Fig. 1.

1  “On Condition of the Natural Environment of the Republic of Tatarstan” for 2007-2021].  URL: https://eco.tatarstan.ru/gosdoklad
2 World Data Center for Solar-Terrestrial Physics. URL: http://www.wdcb.ru/stp/index.ru.html

Lung cancer incidence rate Criteria of lung cancer incidence rate 
per 100,000 population

Low lung cancer incidence rate ≤ 39

Medium 39 < lung cancer incidence rate < 47 

High lung cancer incidence rate ≥ 47

Table 1. Criteria for the incidence rate of lung cancer per  
100,000 population
Таблица 1. Критерии уровней заболеваемости РЛ  
на 100 тыс. населения

Trend of lung cancer morbidity 
growth (decrease)

Evaluation criteria of lung cancer 
morbidity trend

Significant |а| ≥ 1,20

Visible 0,65 < |а| < 1,20 

Weak |а| ≤ 0,65

Table 2. Criteria for assessing the incidence trend of lung cancer
Таблица 2. Критерии оценки тенденции заболеваемости РЛ

Significant increase
Visible increase
Weak increase

Significant decrease
Visible decrease
Weak decrease
 

High
Medium
Low

Legend:
Morbidity rate

Morbidity trend

Figure 1. Zoning of the territory of the Republic of Tatarstan by the incidence rate of lung cancer per 100,000 population in the context  
of municipal districts and urban districts.
Рисунок 1. Районирование территории Республики Татарстан по уровню заболеваемости раком легких на 100 тыс. населения  
в разрезе муниципальных районов и городских округов.
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The analysis of data shows that the distribution of lung 
cancer incidence rate is uneven. High level of morbidity is 
identified in 12 municipal regions: the highest incidence rate 
in this group was found in Kamsko-Ustyinsky, Tetyushsky and 
Verkhneuslonsky regions, 64, 61 and 60 people per 100,000 
population, respectively. Medium level of incidence was 
registered in 21 regions and low level in 10 regions and 2 
cities, Naberezhnye Chelny and Kazan.

The distribution of districts and cities of the Republic 
of Tatarstan with recorded upward trends in lung cancer 
incidence, categorized by the degree of its severity, is presented 
in Table 3.

In most districts and cities, an upward trend in lung cancer 
incidence is observed. It should be noted that a substantial 
increase in lung cancer incidence was recorded predominantly 
in districts primarily engaged in agricultural activities. The 
trend for the lung cancer incidence rate to decrease was 
registered in 14 regions of the Republic of Tatarstan (significant 
in 3, visible in 6, weak in 5 regions).

To illustrate, we provide the dynamic of lung cancer 
incidence in the Apastovsky region with a significant trend of 
growth, and in the Kaibitsky region, where a significant trend 
of decrease was seen in the incidence rates (Fig. 2, 3).

It is to be mentioned that Apastovsky and Kaibitsky regions 
are situated in the West of the Republic and share a common 
border. The probable reason of such dynamic of lung cancer 
incidence rates is accounted for by the specifics of use of crop 
protectors and pesticides.

In Kazan, a dependence of lung cancer incidence on 
ambient air pollution with carcinogens was identified. The 
cumulative carcinogenic air pollution index (IAPc) was used 
to characterize ambient air pollution. The relationship between 
ambient air pollution and the number of lung cancer cases in 
Kazan is shown in Fig. 4.

The regression equation describing the correlation between 
the lung cancer incidence rates in Kazan and air pollution index 
was as follows:

                               LC = 7.06• IAPc + 376.36                   (1) 

The correlation coefficient between IAPc and lung cancer 
incidence rate is significant at α=0.05 and is r= 0.79. The 
determination coefficient is 0.7 < R2 < 0.9, which shows a 
high strength of correlation between the studied indicators. 
The IAPc factor accounts for 63% of variability in the lung 
cancer incidence rate in Kazan.

The dynamics of values of the number of lung cancer 
patients in Kazan, i.e. the values actual (F) and calculated (P) 
with the regression equation (1) is shown in Fig. 5.

Growth trends in lung cancer incidence rates

Significant Visible Weak
Apastovsky Vysokogorsky Mamadyshsky
Baltasinsky Testyushsky Mendeleevsky

Tyulyachinsky Tukaevsky Aksubaevsky
Pestrechinsky Aznakaevsky Buinsky
Muslyumovsky Arsky Zelenodolsky

Drozhzhanovsky Agrizsky Naberezhnye Chelny
Novosheshminsky Verkhneuslonsky Kazan

Yutazinsky Chistopolsky
Zainsky Bavlinsky

Yelabuzhsky Sabinsky
Spassky

Sybno-Slobodsky
Nizhnekamsky

Nurlatsky

Almetievsky

Table 3. Distribution of municipal districts and cities of the Republic 
of Tatarstan by the trend of increasing incidence of lung cancer in 
2012–2021
Таблица 3. Распределение муниципальных районов и городов 
Республики Татарстан по тенденции роста заболеваемости 
раком легких в 2012–2021 гг.
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Figure 2. Dynamics of lung cancer incidence in the Apastovsky 
municipal district.
Рисунок 2. Динамика заболеваемости раком легких  
в Апастовском муниципальном районе.

Figure 3. Dynamics of lung cancer incidence in the Kaibitsky 
municipal district.
Рисунок 3. Динамика заболеваемости раком легких  
в Кайбицком муниципальном районе.

Figure 4. The relationship between air pollution and the number of 
patients with lung cancer in Kazan.
Рисунок 4. Связь загрязнения атмосферного воздуха с числом 
больных раком легких в г. Казани.
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A satisfactory in‑phase agreement (phase synchrony) is 
observed between the actual lung cancer incidence rates in 
Kazan and those calculated using regression equation (1). The 
maximum error of 5% occurred in 2012 and 2017, while the 
minimum error of 0% occurred in 2015 and 2020.

In order to establish a relation between the solar activity and 
lung cancer incidence rate, a statistical analysis of the number 
of patients in Kazan in 2012-2021 was performed. To assess 
the dynamics of solar activity, the relative number of sunspots 
(Wolf number, W) was used. The data follows in Fig. 6. 

With the solar activity increasing, the number of patients 
with lung cancer was observed to decrease. The regression 
equation describing the relation between W and lung cancer 
incidence rate in Kazan is as follows:

                                 CI = -0.38•W + 438.73                      (2)

The correlation coefficient between W and the number of 
patients with lung cancer is r= 0.72, significant at α=0.05. The 
factor W accounts for 52% of incidence rate of lung cancer in 
Kazan. The determination coefficient is 0.5 < R2 < 0.7, which 
shows a significant strength between the studied indicators. 
The use of the connection between the lung cancer and the 
cyclic pattern of solar activity is preferably used to predict 

morbidity since W has a cyclic pattern of approx. 11 years.  
The dynamics of actual (F) and calculated (Р) values of lung 
cancer incidence rates in Kazan using regression equation (2) 
is shown in Fig. 7.

A satisfactory in‑phase agreement (phase synchrony) is 
observed between the actual lung cancer incidence rates in 
Kazan and those calculated using regression equation (2). The 
maximum error of 5% occurred in 2012, while the minimum 
error of 1% occurred in 2021. The dynamics of the number of 
patients with lung cancer in Kazan in 2012-2021, as well as 
its inertial and innovation prediction to the year 2030 using 
the regression equation (2) are shown in Fig. 8.

According to the inertial prediction, in 2030 the number 
of patients with lung cancer in Kazan is expected to grow 
by 103 people per 100,000 population, or by 27% vs. 2012 
(381 cases). According to the innovative prediction, by the 
year 2030 (vs. 2012), a growth of patients with lung cancer 
is expected to increase by 59 people per 100,000 population, 
or by 16%. 

Our findings support the assertion that ambient air pollution 
with carcinogens is associated with an increase in lung cancer 
incidence1 [22, 23]. 
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Figure 5. Dynamics of actual (F) and calculated (P) values of the 
number of patients with lung cancer in Kazan for the period of 
2012–2021 using the regression equation (1).
Рисунок 5. Динамика фактических (Ф) и рассчитанных (Р) 
с использованием уравнения регрессии (1) значений числа 
больных раком легких в г. Казани за период 2012–2021 гг.

Figure 7. Dynamics of actual (F) and calculated (P) values of lung 
cancer incidence in Kazan using the regression equation (2).
Рисунок 7. Динамика фактических (Ф) и рассчитанных 
(Р) с использованием уравнения регрессии (2) значений 
заболеваемости раком легких в г. Казани.

Figure 8. Dynamics of the number of patients with lung cancer in 
Kazan for the period of 2012–2021 and its inertial and innovative 
forecast until 2030.
Рисунок 8. Динамика числа больных раком легких в г. Казани 
за период 2012–2021 гг. и ее инерционный и инновационный 
прогнозы до 2030 г.

Figure 6. The relationship between W and the incidence of lung 
cancer in Kazan.
Рисунок 6. Связь W с заболеваемостью раком легких в г. Казани.

1 On the state of sanitary and epidemiological welfare of the population in the Russian Federation in 2023: State Report. Moscow: Federal Service for Surveillance on Consumer Rights 
Protection and Human Well-being, 2024. 364 P.
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 CONCLUSION
The active expansion of industrial capacity in the 

petrochemical, chemical, oil extraction industries and 
mechanical engineering, along with the development of 
transport infrastructure in the Republic of Tatarstan is 
accompanied by anthropogenic environmental pollution. 
To reduce the incidence of oncological diseases in the 

population, particularly lung cancer, it is necessary to 
improve the monitoring system, control environmental 
quality and plan measures to prevent ambient air pollution 
with carcinogens.

The results of this study can be used to inform management 
decisions aimed at lung cancer prevention in the Republic of 
Tatarstan. 
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Оценка эффективности и безопасности 
комбинированного подхода к неоадъювантному 

лечению рака желудка, осложненного 
субкомпенсированным опухолевым стенозом

А.А. Свечкова, А.Х. Хамид, А.А. Захаренко
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И.П. Павлова» Минздрава России (Санкт-Петербург, Российская Федерация)
Аннотация
Цель: оценить эффективность и безопасность комбинированного подхо-
да к неоадъювантному лечению больных с местнораспространенным ра-
ком желудка, осложненным субкомпенсированным опухолевым стенозом.
Материал и методы.  В исследование включено 84 пациента с местно-
распространенным раком желудка, осложненным субкомпенсированным 
стенозом. Пациенты распределены на две группы в соотношении 1:1, ха-
рактеристики пациентов обеих групп сопоставимы. Пациентам исследу-
емой группы проводилось комбинированное лечение: 4 цикла полихими-
отерапии по схеме FLOT и 2 сеанса эндоскопической фотодинамической 

терапии. В контрольной группе проводилось стандартное лечение. Методы 
оценки клинической эффективности комбинированного лечения: время 
эвакуации бариевой взвеси из желудка в тонкую кишку, степень опухолево-
го стеноза, степень нутритивной недостаточности, динамика ИМТ и сарко-
пении, показатели перфузии опухоли, степень регрессии опухоли по шкале 
TRG, ответ опухоли на лечение по критериям Response Evaluation Criteria 
In Solid Tumors 1.1. К методам оценки безопасности комбинированного 
лечения относились: количество больных, завершивших предоперацион-
ный этап лечения, нежелательные явления по шкале Common Terminology 

The efficacy and safety of a combination approach  
to neoadjuvant treatment of gastric cancer  

complicated by subcompensated tumor stenosis
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I.P. Pavlov First Saint Petersburg State Medical University (Saint Petersburg, Russian Federation)
Abstract
Aim: to evaluate the efficacy and safety of a combined approach to neoadjuvant 
treatment in patients with locally advanced gastric cancer complicated by 
subcompensated tumor stenosis.
Material and methods. The clinical study included 84 patients with locally 
advanced gastric cancer complicated by subcompensated tumor stenosis. 
Patients were divided into two groups in a 1:1 ratio, the characteristics of 
patients in both groups were comparable. Patients in the study group received 
combination therapy: 4 cycles of polychemotherapy using the FLOT regimen 
and 2 sessions of endoscopic photodynamic therapy; the control group received 
standard treatment. The clinical efficacy and safety of the combination therapy 
were assessed using the following measures: barium meal removal from the 
stomach into the small intestine, tumor stenosis, nutritional insufficiency, BMI 
and sarcopenia dynamics, tumor perfusion parameters, tumor regression grade 
according to the TRG scale, and tumor response to treatment according to 
the Response Evaluation Criteria in Solid Tumors 1.1. The safety assessment 
methods for the combination therapy included the number of patients who 
completed the preoperative treatment phase, adverse events according to the 
Common Terminology Criteria for Adverse Events Version 5.0 scale, the 
number of patients whose next cycle of polychemotherapy was delayed due 
to drug toxicity, and the number of patients receiving leukopoiesis-stimulating 
agents due to drug toxicity.

Results. The median contrast evacuation time was significantly lower in 
the study group (12 h.) compared to the control group (17 h.; p=0.003). 
Improvement of nutritional status after treatment was confirmed by an increase 
in GOOSS scores and a decrease in NRS 2002 scores (p=0.010 and p=0.009, 
respectively). In the study group, a higher BMI value (p=0.024) and a decrease 
in the likelihood of sarcopenia (p=0.023) were observed. The vascular wall 
permeability index was significantly lower (p=0.02), indicating a positive 
effect of therapy on tumor microcirculation. Differences in tumor response 
according to RECIST 1.1 between the groups were statistically insignificant 
(p=0.513), but pathomorphosis according to the TRG scale was significantly 
better in the study group (p=0.022). Treatment safety was demonstrated by 
a reduced incidence of severe leukopenia and diarrhea, as well as fewer 
chemotherapy delays (p<0.05) in the study group. Thus, the combination 
approach demonstrated improved efficacy and an acceptable safety profile 
compared to the control group.
Conclusion. Combination treatment of patients with locally advanced gastric 
cancer complicated by subcompensated tumor stenosis at the preoperative stage 
demonstrated high efficacy and safety and can be recommended for routine use.
Keywords: gastric cancer, tumor stenosis, endoscopic photodynamic therapy, 
complicated gastric cancer, combination therapy, Chlorin E6.
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 INTRODUCTION

Despite the considerable achievements in the treatment 
and therapeutic approaches, gastric cancer (GC) retains 

the status of a global medical problem that stems from the 
aggressiveness and heterogenous nature of the disease [1]. 
According to the data of 2022, the GC incidence worldwide 
was approx. 968,350 new registered cases, and the number 
of negative outcomes was approx. 659,853 cases [2]. Among 
all GC patients, 40% are hospitalized due to cancer-related 
complications, of which the most common are hemorrhages 
(22-80%), malignant gastric outlet obstruction (26-60%) and 
perforation (less than 5%) [3]. Traditionally, treatment of 
patients with malignant stenosis involves the creation of a 
gastrojejunal anastomosis via open or laparoscopic approach, 
typically performed as a Roux‑en‑Y antecolic or retrocolic 
end‑to‑side anastomosis [4]. Today, the method of endoscopic 
stenting of the tumor-obstructed lumen is one of the leading 
minimally invasive methods of treatment of patients with 
malignant tumor stenosis. This approach is implemented 
using self-expanding metal stents and significantly reduces 
the risk of postoperative complications compared to the 
creation of a bypass gastroenteroanastomosis. However, the 
method has its limitations, among which particular mention 
should be made of the difficulties encountered when passing 
a guidewire through the tumor‑obstructed lumen in cases 
of severe stenosis or tortuosity of the narrowed segment 
[5]. These methods are more often used for patients with 
disseminated or metastatic GC. As far as radical surgeries 
for complicated GC are concerned, some authors report their 
necessity in the event the patients have a tumor stenosis [6, 
7]. At the same time, in locally advanced forms of GC, the 
oncological outcomes after primary surgical treatment are 
significantly worse: 5-year survival is 36% in the group 
of patients with perioperative combination chemotherapy 
(CCT) vs. 23% in the group that underwent only the surgical 
treatment (OR 0.75; 95% CI, 0.60–0.93; Р = 0.009) [8]. In 
this regard, there arises a necessity of studying other methods 

of treatment of the tumor stenosis, in which a full course of 
perioperative CCT is possible.

Endoscopic photodynamic therapy (ePDT) has long been 
used in oncological practice and has demonstrated its efficacy 
and safety in the treatment of both early GC, particularly 
in comorbid patients, and gastric tumor obstruction as a 
palliative approach [9-12]. In the pilot studies performed at 
I.P. Pavlov First Saint Petersburg State Medical University, 
a combination of ePDT+CCT proved its efficacy and safety 
in the treatment of patients with locally advanced GC 
complicated with a subcompensated tumor stenosis in the 
preoperative stage [13-14].

With standard irradiat ion parameters,  various 
photosensitizers (PS), both foreign‑ and Russian‑made, have 
been used and have demonstrated their efficacy in gastric 
adenocarcinoma: Radachlorin and Photoditazine. Currently, 
Chlorin E6 is widely used: one of the most promising 3rd 
generation photosensitizers produced in Russia. The primary 
substance for the production of most photosensitizers is 
Chlorin E6 sodium salt, obtained by chemical synthesis from 
methylpheophorbide, which is extracted from the biomass of 
the green microalga Spirulina platensis grown in Japan and 
California. Currently, the urgent issue of replacing imported 
intermediates with more readily available alternatives 
is becoming increasingly pressing. In contrast to other 
photosensitizers manufactured in the Russian Federation, a 
technology for the production of Chlorin E6 (Photoran E6) 
from Sosnowsky’s hogweed (Heracleum Sosnowskyi) has 
been developed and standardized [15].  Based on clinical 
experience with ePDT for tumor stenosis in patients with GC 
and on official data indicating a wide “therapeutic window” 
for the photosensitizer Chlorin E6 (1.0 mg/kg – 2.5 mg/
kg body weight), a pilot clinical study was conducted. It 
demonstrated that ePDT with Chlorin E6 at a dose of 
1.0 mg/kg is an effective and safe component of multimodal 
treatment for patients with locally advanced GC complicated 
by subcompensated tumor stenosis. Its use provides a 

Criteria for Adverse Events Version 5.0, количество больных, которым за-
держивался очередной цикл полихимиотерапии или применялся препарат 
группы стимуляторов лейкопоэза по причине лекарственной токсичности.
Результаты. После лечения медиана времени эвакуации контраста была 
значимо ниже в основной группе (12 ч) по сравнению с контролем 
(17 ч; p=0,003). Улучшение нутритивного статуса после лечения под-
тверждалось повышением показателей GOOSS и снижением баллов 
по шкале NRS 2002 (p=0,010 и p=0,009 соответственно). В основной 
группе значение ИМТ значимо стало выше (p=0,024), а показатель сар-
копении снизился (p=0,023). Показатель проницаемости сосудистой 
стенки в исследуемой группе был значительно ниже (p=0,02), что сви-
детельствует о положительном влиянии терапии на микроциркуляцию 
опухоли. Различия по ответу опухоли по RECIST 1.1 между группа-
ми статистически незначимы (p=0,513), однако патоморфоз по шкале 

TRG был значимо лучше в основной группе (p=0,022). Безопасность 
лечения соответствует снижению частоты тяжелой лейкопении и диа-
реи, а также меньшему количеству задержек химиотерапии (p <0,05) 
в основной группе. Таким образом, комбинированный подход показал 
улучшенную эффективность и приемлемый профиль безопасности по 
сравнению с контролем.
Выводы. Комбинированное лечение пациентов с местнораспространен-
ным РЖ, осложненным субкомпенсированным опухолевым стенозом, на 
предоперационном этапе показало высокую эффективность и безопас-
ность и может быть рекомендовано к применению в рутинной практике.
Ключевые слова: рак желудка, опухолевый стеноз, эндоскопическая 
фотодинамическая терапия, осложненный рак желудка, комбинированное 
лечение, Хлорин Е6.
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http://www.innoscience.ru
https://orcid.org/0000-0003-0326-2957
mailto:svechkova-95@mail.ru
https://orcid.org/0000-0003-4191-723X
mailto:dr_nauras@hotmail.com
https://orcid.org/0000-0002-8514-5377
mailto:9516183@mail.ru


138  www.innoscience.ru

То м  11  ( 2 )  2 0 2 6                    Н ау к а  и  и н н о в а ц и и  в  м ед и ц и н е  ОНКОЛОГИЯ, ЛУЧЕВАЯ ТЕРАПИЯ

comparable effect with a reliably improved safety profile and 
lowed expenses. A treatment and diagnostic algorithm for the 
multimodal preoperative management of patients with locally 
advanced GC complicated by subcompensated tumor stenosis 
has been developed and patented [16]. It appears promising 
to conduct a clinical trial comparing the efficacy and safety 
of this multimodal approach versus standard treatment in this 
cohort of patients.

 AIM
To evaluate the efficacy and safety of a combined 

approach to neoadjuvant treatment in patients with locally 
advanced gastric cancer complicated by subcompensated 
tumor stenosis.

 MATERIAL AND METHODS
A prospective and retrospective single-center comparative 

clinical study was performed; the study design is shown in 
Fig. 1.

Characteristics of patients. The study included 84 patients 
aged over 18, ECOG status 0-2 with histologically verified, 
potentially operable GC staged сT≥2М0, complicated by 
tumor stenosis. The patients were divided into two groups 1:1 
prospectively to the study group, and pro- and retrospectively 
to the control group.

Non-inclusion criteria: synchronous or metachronous 
mul t ip le  pr imary  cancer,  presence  of  absolu te 
counterindications against drug or surgical antitumor 

treatment, history of tumor bleeding, counterindications 
against contrast-medium radiography. 

The groups were comparable in sex, age, сT- and 
cN-criteria, stage of the disease, pathomorphological 
characteristics of the tumor, and general somatic status. 

Stage I. 
Initial examination 

of patients 

Stage II. 
Preoperative

 treatment

Stage III. 
Control preoperative 

examination
 

Stage IV. 
Surgical treatment

Study group, 

N=42   

Control group, 

N=42   

Patients included in the study, 
N=84  

Primary examination, 

filling of questionnaires 

4 CCT cycles, 

FLOT scheme  

4 CCT cycles, 

FLOT +2 ePDT sessions

 

 

Preoperative examination, 

filling of questionnaires  

Surgical treatment  

 

Pathomorphological study 

Evaluation of toxicity

Exclusion of patients 

in the event of progression

Figure 1. Study design.
Рисунок 1. Дизайн исследования.

Patient characteristics Group 1: combined treatment (n=42) Group 2: control (n=42) p-value

Sex
Male, N=49 27 (64.3%) 22 (53.4%)

0.376
Female, N=35 15 (35.7%) 20 (46.6%)

Age, years
below 45, N=7 5 (11.9%) 2 (4.8%)

0.05945-80, N=77 37 (88.1%) 40 (95.2%)
over 80, N=0 – –

ECOG – status
0, N=28 14 (33.3%) 14 (33.3%)

0.8491, N=38 20 (47.6%) 18 (42.9%)
2, N=18 8 (19.1%) 10 (23.8%)

Сt
2, N=18 10 (23.8%) 8 (19.1%)

0.7363, N=46 20 (47.6%) 26 (61.9%)
4a, N=20 12 (28.6%) 8 (19%)

Cn

0, N=15 7 (16.7%) 8 (19%)

0.248
1, N=31 16 (38.1%) 15 (35.7%)
2, N=26 15 (35.7%) 11 (26.2%)
3, N=12 4 (9.5%) 8 (19%)

Stage

I, N=4 3 (7.1%) 1 (2.4%)

0.82
IIa, N=12 5 (11.9%) 7 (16.7%)
IIb, N=11 4 (9.5%) 7 (16.7%)
III, N=57 30 (71.4%) 27 (64.3%)

Pathomorphology
LG, N=30 14 (33.3%) 16 (38.1%)

0.368HG, N=24 10 (23.8%) 14 (33.3%)
SCC, N=30 18 (42.9%) 12 (28.6%)

Pre-treatment barium meal evacuation time, h 16 IQR [16;20] 20 IQR [16;20] 0.383

Pre-treatment GOОSS status, people
«1» 20 (47,6%) 19 (45,2%)

0.828
«2» 22 (52,4%) 23 (54,8%)

Pre-treatment malnutrition score on NRS 2002 scale, points 4 IQR [3;4] 3 IQR [3;4] 0.354
Pre-treatment malnutrition score on NRS 2002 scale, people 34 (80,95%) 36 (85,71%) 0.864

Sarcopenia as per SARC-F questionnaire before treatment, points 4,5 IQR [2;5] 4,5 IQR [2;6] 0.764
Sarcopenia as per SARC-F questionnaire before treatment, people 27 (64,29%) 29 (69%) 0.94

BMI before treatment 24.8 IQR [19.09;28] 24 IQR[19;28.7] 0.971
ABV before treatment, mL/100 g 6.727 IQR [2.976;12.582] 11.044 IQR [6.727;16.642] 0.004

ABF before treatment, mL/100 g/min 45 IQR [28.65;82.85] 41 IQR [23.63;70] 0.497
PS before treatment, mL/100 g/min 17.982±12.999 17.592±10.546 0.880

MTT before treatment, s 12.04 IQR  [7.353; 22.94] 13.4 IQR  [8.41; 23] 0.343

Table 1. Patient characteristics: values are presented as the number of cases and their percentage
Таблица 1. Характеристика пациентов: значения приведены в виде количества случаев и их процентного соотношения
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No differences were found in the initial metrics of clinical 
manifestation of the tumor stenosis, nutritive status, presence 
of sarcopenia and tumor characteristics according to perfusion 
multi-slice spiral CT (MSCT). The initial parameters of the 
patients are shown in Table 1.

Combined treatment method. According to clinical 
recommendations of the Russian Oncology Association 
“Gastric Cancer 2020”, the patients of both groups underwent 
4 cycles of CCT under the FLOT scheme. In the study group, 
before the first and the third cycles of pharmacological 
therapy, three days before administration of cytostatic 
drugs, the patients also underwent a session of ePDT of 
the gastric tumor. The Chlorin Е6 drug was administered 
via IV drip in a dark room for 30 minutes, diluted in 200 
mL of 0.9 % saline solution. For the patients of Group 1, 
the drug was administered in the dose of 2.5 mg/kg body 
weight. Three hours after the administration of the drug, 
the tumor was locally irradiated with a 1.6 mm diameter 
diffuse-type quartz lightguide SILMA-01 (“Polyronic”) using 
the “LAKHTA-MILON” device (Russia) in the premises of 
endoscopic operating room, under intravenous anesthesia 
with preserved spontaneous breathing. The wavelength of 
laser irradiation was 662 µm ± 1% in pulse mode (900 mW), 
pulse duration 150 ms with intervals of 90 ms, dosage of 
400 J/cm2 (Fig. 2). The tumor volume was calculated using 
MSCT data performed before the treatment. The position of 
the lightguide was controlled using the Olympus GIF-Q180 
endoscope and  Olympus EVIS EXERA II processor (Japan). 
To prevent photo-toxic reactions, all patients were advised 
against staying in the direct sunlight and advised to wear 
sunglasses for seven days after the photosensitizer was 
administered. After each ePDT cycle and pharmacological 
treatment session, the parameters of toxicity of administered 
drugs were evaluated using the Common Terminology 
Criteria for Adverse Events, version 5.0.

The preoperative treatment stage completed, the patients 
of both groups underwent control examinations in order to 
assess the antitumor effect and to summarize indications for 
the surgical stage of treatment. If the control examinations 
found progression of the disease, such patients were excluded 
from the study. Before the surgical stage, nutritive status as 
per NRS 2002 criteria, body mass index, sarcopenia index 
were established again, as well as the degree of severity of 
obstruction symptoms on the GOOSS scale. The surgical 
treatment was performed 4-6 weeks after completion of the 
preoperative systemic treatment.

Methods of evaluation of clinical efficacy and safety of 
combined treatment included the following: dynamic of time 
of evacuation of barium meal from the stomach to the small 
intestine; dynamic of the indicator of degree of tumor stenosis 
on the GOOSS scale; dynamic of presence and degree of 
malnutrition; dynamic of BMI; dynamic of sarcopenia; 
dynamic of values of perfusion of the gastric tumor (blood 
volume, velocity of specific blood volume passing through 
the specific volume of tumor tissue, permeability of vascular 
wall in the area of gastric tumor, average time of transition 
of the blood in the vasculature of the specific area of gastric 
cancer); tumor regression grade on the TRG scale; tumor 
response to treatment according to Response Evaluation 
Criteria In Solid Tumors 1.1.

Methods of evaluation of safety of combined treatment 
included the following: number of patients who completed 
the preoperative stage of treatment; presence and severity of 
leukopenia according to the Common Terminology Criteria 
for Adverse Events Version 5.0; number of patients for whom 
the next cycle of CCT had to be delayed due to drug toxicity; 
number of patients for whom leukopoiesis stimulator drugs 
had to be administered due to drug toxicity.

Statistical processing of data was performed in IBM 
SPSS Statistics v.23. Quantitative data are presented as 
median and interquartile range [IQR] or as mean and 
standard deviation (M±SD). The Mann–Whitney U test 
was used to compare independent groups for quantitative 
variables, while Fisher’s exact test or Pearson’s χ² test was 
used for categorical variables. Differences were considered 
statistically significant at p < 0.05.

Figure 2. Exclusion of patients during treatment.
Рисунок 2. Исключение пациентов в процессе лечения.

Control group, 
N=41

Patients included in the study,
N=84

Study group, 
N=42

Control group, 
N=42

Neoadjuvant stage of treatment

-1 patient 
(progression after 
3rd cycle of CCT)

Study group, 
N=41

Control group, 
N=42

Control examinations

Surgical treatment

-1 patient 
(progression after 
4th cycle of CCT)

-1 patient 
(progression after 
4th cycle of CCT)

Study group, 
N=40

Figure 3. Evacuation of contrast agent before and after preoperative 
treatment in patients of the study and control groups.
Рисунок 3. Эвакуация контрастного вещества до и после 
предоперационного лечения у пациентов исследуемой и 
контрольной групп.
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 RESULTS
Evaluation of efficacy of the combined approach. In the 

study group, progression of disease after the third cycle of 
CCT was found in one patient, and the data of this patient 
was not included in the evaluation of efficacy and safety of 
combined treatment. On contrast‑enhanced MSCT performed 
as part of the control evaluation after preoperative treatment, 
disease progression was detected in one patient from the 
study group and one patient from the control group. Data 
from these patients were not included in the assessment of 
the pathological tumor response because they did not undergo 
surgical resection (Fig. 2).

After the preoperative stage of treatment, the median time 
of contrast evacuation was 12 hours (IQR [7;16]) in the study 
group and 17 hours (IQR [12;20]) in the control group (U = 
540.5; p = 0.003) (Fig. 3).

After the treatment, 24.39% of patients in the study group 
did not complain of food quality (GOOSS score = 3), 65.85% 
had solid crushed food, 7.32%, semi-liquid food, and 2.44%, 
only liquid food (GOOSS = 0). In the control group, these 
values were 7.32%, 39.02%, 46.34% and 7.32%, respectively. 
The median score on the GOOSS scale increased from 1.5 to 
2.1 in the study group and decreased from 1.5 to 1.4 in the 
control group (U = 595.5; p = 0.010) (Fig. 4).

After the neoadjuvant treatment, the score on the NRS 
2002 scale was 2 (IQR [1;3]) in the study group and 3 (IQR 
[2;4]) in the control group. The risk of nutrition deficiency 
was identified in 35.58% patients in the study group and 
in 52.38% in the control group. Mild, moderate and severe 
degrees of malnutrition were registered in 21.95%, 9.75% and 
4.87% in the study group and in 23.81%, 16.67% and 11.9% 
in the control group. Statistically significant difference in 
the nutritive status on the NRS scale was identified between 
the groups before and after treatment (U = 585.5; p = 0.009) 
(Fig. 5).

After the preoperative treatment, the BMI was higher in the 
study group (25.31±8.53 vs. 23.53±5.6; t=2.295; p=0.024). 
Severe body weight deficit and poor body weight were 
seen less frequently in the study group as compared to the 
control. The average score on the SARC-F scale significantly 
decreased in the study group (2.9±1.8 vs. 3.9±2.21; U=602.5; 
p=0.023), and the share of patients with high probability of 
sarcopenia decreased from 64.3% to 39%, whereas in the 
control group the decrease was not significant, 24 (57.1%) 
patients.

In the preoperative control examination, the blood flow 
volume in the tumor was 6.76±5.96 mL/100 g in the study 
group and 11.74±9.07 mL/100 g in the control group; no 
statistically significant difference between the groups before 
and after treatment was identified (t = -0.391, p = 0.697). 
The flow velocity decreased in both groups (34.47 [IQR 
16.19;70.00] and 37.9 [IQR 20;70.21]), differences are 
insignificant (U = 619, p = 0.058). After the treatment, the 
permeability of the vascular wall was significantly lower in 
the study group (7.82 [IQR 3.04;16.35]) vs. control group 
(15.84 [IQR 9.00;20.5]; U = 574, p = 0.02). The mean blood 
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Figure 4. Clinical and anamnestic assessment of the degree of 
gastric stenosis according to the GOOSS scale before and after 
preoperative treatment in patients of the study and control groups.
Рисунок 4. Клинико-анамнестическая оценка степени стеноза 
желудка по шкале GOOSS до и после предоперационного 
лечения у пациентов исследуемой и контрольной групп.

Figure 5. Impairment of nutritional status before and after 
preoperative treatment in patients of the study and control groups.
Рисунок 5. Нарушение нутритивного статуса до и после 
предоперационного лечения у пациентов исследуемой и 
контрольной групп.
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Figure 6. Tumor perfusion parameters before and after treatment.
Рисунок 6. Перфузионные показатели опухоли до и после лечения.
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transit time in the gastric tumor increased in both groups: 
17.16 s [IQR 7.32;26.23] in the study group and 18 s [IQR 
9.46;28] in the control group (U = 804, p = 0.88) (Fig. 6).

In order to assess the response to treatment, all patients 
from the control group and 41 patient from the study group 
underwent MSCT: one patient from the study group, after 
the third cycle of neoadjuvant CCT was diagnosed with 
progression of the disease involving the pleura, and the 
pharmacological treatment scheme was modified. Complete 
response was registered in 2.4%, partial response in 46.3%, 
stabilization in 48.8% patients of the study group. In the 
control group, there was no complete response, partial 
response was seen in 40.5%, stabilization in 57.1%. 
Progression was identified in 2.4% and 2.38%, respectively. 
No statistically significant difference between the groups 
was identified as per RECIST 1.1 criteria (χ²=2.299; 
p=0.513) (Fig. 7).

Histological examination of the surgical specimens was 
performed in 40 patients from the study group and 41 patients 
from the control group. Complete pathological response 
(TRG1) was observed in 2.5% of patients in the study group, 
while no complete response was observed in the control 
group. In the study group, TRG2–TRG4 values were seen 
in 27.5%, TRG5, in 15%. In the control group, TRG2 was 
registered in 17%, TRG3 in 22%, TRG4 in 41.5%, TRG5 in 
19.5%. The difference between the groups on the TRG scale 
was statistically significant (U = 589.5; p = 0.022) (Fig. 8).

Evaluation of safety of the combined approach. 
Preoperative systemic treatment under the FLOT scheme 
was not completed in full extent by 3 (7%) patients from the 
study group due to the following reasons: disease progression 
(secondary involvement of the lungs, carcinomatosis of the 
pleura) in 1 (2.4%) patient, nephrotoxicity in 1 (2.4%) patient, 
decompensation of tumor stenosis in 1 (2.4%) patient. The 
leukopenia rates in patients in the study and control groups 
are shown in Table 2.

Two patients in the control group with decompensated 
gastric tumor stenosis received three cycles of preoperative 
drug therapy, and one patient received two cycles. All four 
patients who discontinued preoperative chemotherapy due 
to hematologic complications had completed three cycles of 
drug therapy (Fig. 9).

The indicators of toxicity of treatment are shown in Table 3.
Complications of the ePDT procedure were assessed only 

in patients from the study group. Systemic phototoxicity was 
identified in 5 (11.9%) patients after the first session and in 
7 (16.7%) patients after the second session of photodynamic 
therapy. Ophthalmologic toxicity was identified in 8 (19%) 
patients after the first session of photodynamic therapy and 
in 12 (28.6%) patients after the second session.

The obtained results show that combined treatment 
of patients with locally advanced GC complicated by 
subcompensated tumor stenosis on the preoperative stage 
demonstrated advantages in terms of efficacy and safety over 
standard treatment.

 DISCUSSION
The present study demonstrates the high efficacy and 

safety of ePDT using the photosensitizer Chlorin E6 in 
patients with locally advanced gastric cancer complicated by 
subcompensated tumor stenosis. These findings correlate with 
the results of both foreign and domestic studies indicating the 
potential of PDT in the multimodal treatment of malignant 
gastric tumors.

Similar findings on application of PDT in gastric cancer 
patients were presented in the work of T. Oinuma (2016), 
where the method demonstrated safety and efficient in the 
treatment of early stages of gastric cancer not only of the 
intramucosal but also of the submucosal type [17], which 
confirms sufficient depth of penetration of radiation. The 
meta-analysis of B. Chen (2018) et al. showed that PDT is 
an efficient method of treatment of disseminated and locally 
advanced forms of gastric cancer, including combinations 
with chemotherapy increasing its efficiency and improving 
outcomes of overall survival [18].
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responseFigure 7. Tumor response to treatment according to RECIST 1.1 

criteria in patients in the study and control groups.
Рисунок 7. Ответ опухоли на лечение по критериям RECIST 
1.1 у пациентов исследуемой и контрольной групп.

Figure 8. Therapeutic pathomorphosis of the tumor according  
to the TRG scale in patients of the study and control groups.
Рисунок 8. Лечебный патоморфоз опухоли по шкале TRG  
у пациентов исследуемой и контрольной групп.

Treatment period Study group Control group p-value

Leukopenia after 
cycle 1 of CCT, n

1-2 st. 12 (28.6%) 15 (35.7%)
0.097

3-4 st. 5 (11.9%) 7 (16.6%)

Leukopenia after 
cycle 2 of CCT, n

1-2 st. 7 (16.6%) 12 (28.5%)
0.003

3-4 st. 4 (9.5%) 13 (30,9%)

Leukopenia after 
cycle 3 of CCT, n

1-2 st. 12 (28.6%) 8 (19%)
0.465

3-4 st. 6 (14.3%) 8 (19%)

Leukopenia after 
cycle 4 of CCT, n

1-2 st. 15 (35.7%) 15 (35.7%)
0.154

3-4 st. 3 (7.1%) 4 (9.5%)

Table 2. Leukopenia rates in patients in the study and control groups
Таблица 2. Показатели лейкопении у пациентов исследуемой 
и контрольной групп
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Restrictions of study. This study has no data on long-term 
oncological outcomes. Randomized and prospective studies 
are required to determine the effect of PDT on survival and 
quality of life of patients with gastric cancer.

 CONCLUSION
The use of the combination of ePDT+Chlorin E6 in 

the dosage of 1 mg/kg of body weight with perioperative 
CCT under the FLOT scheme at the preoperative stage in 
patients with locally advanced gastric cancer complicated 
by subcompensated tumor stenosis showed advantages over 
conventional treatment in terms of efficacy: time of evacuation 

of barium meal from the stomach (12 IQR [7;16] vs. 17 IQR 
[12;20], p=0.003), clinical assessment of tumor stenosis, 
р=0.010, presence of sarcopenia (39% vs. 57.1%, р=0.032), 
nutritive status (35.58% vs. 52.38%), р=0.009, body mass 
index (25.31±8.53 vs. 23.53±5.6), tumor perfusion indicators 
(vascular wall permeability (mL/100 g/min) 7.824  IQR 
[3.042;16.350] vs. 15.840  IQR [9.002;20.5], р=0.02, vascular 
wall permeability in the tumor area 10.9±12.3, р=0.011), 
pathological response, р=0.022) and in terms of safety: delay 
of the next cycle of pharmacological treatment (33.3% vs. 
57.1%), р=0.028, use of the leukopoiesis stimulation drug 
(28.6% vs. 52.4%). 

*3 patients did not receive cycle 4 of NACCT due to progression of the main disease (1), nephrotoxicity (1), 
decompensation of tumor stenosis (1)
**1 patient did not receive cycle 3 of NACCT due to decompensation of tumor stenosis
*** 6 patients did not receive cycle 4 of NACCT due to hematologic toxicity (4), decompensation of tumor stenosis (2)

Neoadjuvant stage of treatment

Study group,
N=42

Control group,
N=42

Cycle 1 of NACCT

Cycle 2 of NACCT

Cycle 3 of NACCT 

Cycle 4 of NACCT

N=42 N=42

N=42

N=42

N=42

N=41**

N=39* N=35***

Figure 9. Number of patients receiving systemic treatment on the neoadjuvant stage.
Рисунок 9. Количество пациентов, получавших системное лечение на неоадъювантном этапе.

Indicator Study group (N=42) Control group (N=42) Statistical indicator p-value

Febrile neutropenia 2 (4.8%) 4 (9.5%) χ² = 0.718 0.397

Infectious complications 20 (47.6%) 25 (59.5%) χ² = 1.197 0.274

Stomatitis 12 (28.6%) 19 (45.2%) χ² = 2.505 0.113

Esophageal candidiasis 5 (11.9%) 4 (9.5%) χ² = 0.124 0.724

Acute cystitis 7 (16.7%) 8 (19%) χ² = 0.081 0.776

Diarrhea 11 (26.2%) 21 (50%) χ² = 5.048 0.025

Polyneuropathy 8 (19%) 11 (26.2%) χ² = 0.612 0.434

CCT cycle delay 14 (33.3%) 24 (57.1%) χ² = 4.805 0.028

Administration of Filgrastim  
(leukopoiesis stumulator) 12 (28.6%) 22 (52.4%) χ² = 4.914 0.026

Table 3. Toxicity indicators in patients of the study and control groups
Таблица 3. Показатели токсичности у пациентов исследуемой и контрольной групп
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Анализ результатов применения нового подхода 
к преабилитации пациентов при тотальном 

эндопротезировании коленного сустава
Г.П. Котельников, А.В. Колсанов, Д.С. Кудашев, О.И. Мосеев,  

С.Д. Зуев-Ратников, А.А. Шишкина, Д.А. Долгушкин
ФГБОУ ВО «Самарский государственный медицинский университет»  

Минздрава России (Самара, Российская Федерация)
Аннотация
Цель: провести анализ результатов применения нового подхода к 
преабилитации пациентов при тотальном эндопротезировании коленного 
сустава (ТЭКС).
Материал и методы. В исследование были включены 33 пациента с 
остеоартрозом (ОА) коленного сустава III–IV стадий по классификации 
Kellgren & Lawrence. За 4 недели до операции пациенты прошли комплекс-
ное обследование, включавшее клинический осмотр, шкалы-опросники 

(WOMAC, KOOS, ВАШ), двигательные тесты (2MWT, TUG) и электро-
нейромиографию четырехглавой, двуглавой мышц бедра и икроножной 
мышцы. На основе выявленного ведущего синдрома ОА больные были 
стратифицированы на три подгруппы в зависимости от верифицирован-
ного фенотипа (хронической боли, воспалительных и биомеханических 
нарушений). В соответствии с разработанным нами подходом к 
преабилитации пациентов при ТЭКС каждой подгруппе пациентов был 
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Analysis of the results of applying a new approach 
to the prehabilitation of patients with 

total knee replacement
Gennadii P. Kotelnikov, Aleksandr V. Kolsanov, Dmitrii S. Kudashev, Oleg I. Moseev,  

Sergei D. Zuev-Ratnikov, Anna A. Shishkinа, Dmitrii A. Dolgushkin
Samara State Medical University (Samara, Russian Federation)

Abstract
Aim: to analyze the results of applying a new approach to the prehabilitation 
of patients with total knee arthroplasty (TKA).
Material and methods. The study included 33 patients with knee 
osteoarthritis of stages III–IV according to the classification of 
Kellgren  &  Lawrence. 4 weeks before the operation, the patients 
underwent a comprehensive examination, which included a clinical 
examination, scales (WOMAC, KOOS, VAS), motor tests (2MWT, TUG) 
and electroneuromyography (ENMG) of the quadriceps, biceps femoris and 
calf muscles. Based on the identified leading OA syndrome, patients were 
stratified into three subgroups depending on the verified phenotype (chronic 
pain, inflammatory, and biomechanical disorders).
Results. An analysis of the results 72 hours before surgery and 72 hours, 4 and 
12 weeks after TKA, showed that in the preoperative period, patients achieved 

statistically significant improvements in the form of a decrease in WOMAC 
scores to 38.0 (37.0; 39.0), a decrease in VAS pain to 6.0 (5.0; 6.0) points and 
an increase in motor activity of the examined muscles. In the postoperative 
period, at a follow-up period of 12 weeks after TKA, a full-fledged clinical 
and functional recovery was noted, confirmed by the results of the WOMAC, 
VAS, and 2MWT questionnaire scales: 15.0 (14.0; 17.0) points, 1.0 (0.0; 1.0) 
points, 154.06 ± 11.73 meters, respectively.
Conclusion. The developed approach to prehabilitation provides a significant 
improvement in the clinical and functional condition of patients both in the 
pre- and postoperative periods during knee replacement.
Keywords: total knee arthroplasty, knee joint, osteoarthritis, prehabilitation, 
satisfaction, quality of life.
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 INTRODUCTION

Total knee arthroplasty (TKA) belongs to some of the most 
significant achievements of the XX century orthopedics. 

At the same time, the frequency of surgeries for the knee 
arthroplasty is growing from year to year, which is related both 
to scientific advancements in the area of knee joint implants 
and the increase of surgeons’ qualifications, and to the growing 
number of patients in need of such surgeries [1, 2].

One of the most frequent indications for the TKA is the 
ostheoarthritis of the knee (OA) of stages III–IV according to 
the classification of Kellgren & Lawrence with a manifested 
pain syndrome and significant deterioration of the affected 
joint function. According to the Global Burden of Disease, OA 
of the knee affects approx. 595 million people in the world; 
according to the specialists’ opinion, the number of patients 
with this condition will significantly increase by 2050 [3, 4].

Total knee arthroplasty is to provide fast pain management, 
restoration of biomechanics of the affected joint and 
postoperative household and professional rehabilitation of 
patients within a short term. At the same time, it follows from 
scientific literature that 15 to 25% patients are not satisfied 
with the results of TKA because they continue experiencing 
pain, discomfort and limited mobility in the operated joint even 
in the event of proper positioning of the components of the 
prosthetic and lack of signs of their instability [5, 6].

One of the most important factors accounting for this 
situation in the functional deficiency of periarticular 
structures that correlates with the degree of severity of 
the destructive and dystrophic damage of the joint in the 
preoperative period expressed in the disorder of the dynamic 
gait stereotype, formation of contractures, development of 
chronic periarticular tendinitis and ligamentitis in the pre- 
and postoperative periods [7].

In the recent years, orthopedic traumatologists, physical and 
rehabilitation care doctors have been focusing more and more 

on prehabilitation, a complex of treatment activities aimed at 
preoperative correction of clinical and functional disorders 
of the lower extremities and improvement of the patient’s 
functional reserved before the surgery. The development and 
the use of treatment complexes of prehabilitation, and the study 
of its influence on the results of surgical treatment of TKA 
patients is becoming a very important field in the area of joint 
arthroplasty [8].

As of today, there have been published several foreign 
systematic reviews and meta-analyses integrating the data 
on the effect of prehabilitation on the outcomes of surgical 
treatment of patients after the TKA. They all demonstrate with 
conviction that prehabilitation assists earlier postoperative 
activation and verticalization, decrease of risk of complications, 
faster rehabilitation and decrease of hospital stay. One of 
the key conclusions consistently confirmed in the analyzed 
systematic reviews is the positive effect of prehabilitation in 
the early postoperative restoration of the function of the knee 
joint. This is manifested in improved metrics of the muscular 
strength of the quadriceps muscle of thigh, gait speed and 
ability of independent movement in the first weeks and months 
after the operation [9, 10].

An important aspect that often becomes the object of a 
separate analysis is the effect of prehabilitation in the pain 
syndrome and intake of analgesics. Postoperative pain is one 
of the main factors slowing down the patient’s activization 
and increasing the risk of complications. Studies in this area 
show the results that are not as decisive but generally positive: 
a decrease of manifestation of the pain syndrome after the 
surgery [11, 12].

The application of multimodal prehabilitation programs is 
of special interest. Apart from kinesiotherapy and physical 
therapy, these include diet therapy, psychological counseling 
and educational components [13].

назначен индивидуальный комплекс, включавший как общие мероприятия 
для всех больных, так и специфические процедуры для каждой подгруппы.
Результаты. Анализ результатов за 72 часа до операции и через 72 часа, 
4 и 12 недель после ТЭКС продемонстрировал, что в дооперационном 
периоде пациенты достигли статистически значимых улучшений в виде 
снижения баллов по шкале WOMAC до 38,0 (37,0; 39,0), уменьшения 
боли по ВАШ до 6,0 (5,0; 6,0) балла и увеличения показателей двига-
тельной активности обследуемых мышц. В послеоперационном перио-
де на сроке наблюдения 12 недель после ТЭКС отмечали полноценное 

клинико-функциональное восстановление, подтверждаемое результатами 
по шкалам-опросникам WOMAC, ВАШ, тесту 2MWT: 15,0 (14,0; 17,0) 
балла, 1,0 (0,0; 1,0) балла, 154,06 ± 11,73 метра соответственно.
Выводы. Разработанный подход к преабилитации обеспечивает 
статистически значимое улучшение клинико-функционального состояния 
пациентов как в до-, так и в послеоперационном периодах при ТЭКС.
Ключевые слова: тотальное эндопротезирование, коленный сустав, 
остеоартроз, преабилитация, удовлетворенность, качество жизни.
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Another important practical aspect addressed in specialized 
literature is the identification of optimal duration, intensity and 
combination of prehabilitation methods. Despite the extensive 
data available in foreign sources demonstrating the positive 
effect of prehabilitation, it still remains to be determined 
whether or not there exists a significant correlation between 
administration of prehabilitation and improvement of clinical 
condition, functional performance of the operated extremity 
and quality of life of patients after the TKA [14].

The most effective combination of techniques and the 
duration of prehabilitation also remain to be clarified; 
moreover, the existing methods of prehabilitation do not 
account for individual parameters of the patients and the 
phenotype of the identified osteoarthritis of the knee joint, 
which reduces the efficiency of prehabilitation activities [15, 
16].

In the Russian literature, this problem received insufficient 
coverage, which is confirmed by a modest number of 
publications on the prehabilitation stage before large joint 
arthroplasty of the lower extremities [17].

In view of the above, the development and implementation 
of a new approach to prehabilitation in the clinical practice 
in the total knee arthroplasty including a prehabilitation 
complex in the knee joint arthroplasty1 and the software 
product “Program for the Determination of a Customized 
Prehabilitation Complex for Total Knee Arthroplasty”2 are 
important prospective tasks of the present-day traumatology 
and orthopedics.

 AIM
To analyze the results of applying a new approach to the 

prehabilitation of patients with total knee arthroplasty (TKA).

 MATERIAL AND METHODS
The study design was a prospective single-group clinical 

study. It included 33 patients with knee joint osteoarthritis of 
stages III and IV according to Kellgren & Lawrence. Before 
TKA, these patients underwent a prehabilitation complex 
designed by us. Prehabilitation and surgical treatment of all 
patients were performed from 2023 to 2025 on the basis of 
the Traumatology and Orthopedics Department No. 2 and 
Complex Rehabilitation Center of the Clinics of the Samara 
State Medical University of the Ministry of Health of Russia.

Inclusion criteria: sex – any; age – 18 to 70 years; verified 
osteoarthritis of the knee joint, stage III and IV according to 
Kellgren & Lawrence and verified osteoarthritis of the knee 
joint of the contralateral extremity, stage I and II according 
to Kellgren & Lawrence; intramalleolar distance ≤ 8 cm (for 
valgus deformity); intercondylar distance ≤ 8 cm (for varus 
deformity); shortening of the lower extremity ≤ 2 cm; BMI ≤ 
35 kg/m2; daily life activity index (Barthel index) > 65 points; 
no acute and/or decompensation phase of the respective chronic 
infectious and non-infectious diseases; no history of non-drug 
treatment such as therapeutic exercising or physical therapy 
less than 3 months before the start of prehabilitation; no history 
of drug treatment by para- and intraarticular administration 
of cartilage protectors, hyaluronic acid, glucocorticosteroids, 

platelet-rich plasma (PRP), autologous stromal-vascular 
fraction (ASVF) and autologous red bone marrow cells 
(ARBM) administered less than one month before the start 
of prehabilitation; no history of surgeries on the affected knee 
joint or history of trauma indicating the secondary character 
of osteoarthritis.

Exclusion criteria: age below 18 or over 70 years; 
shortening of the lower extremity > 2 cm; intramalleolar 
distance > 8 cm (valgus deformity); intercondylar distance 
> 8 cm (varus deformity); history of non-drug treatment 
such as therapeutic exercising or physical therapy less than 
3 months before the start of prehabilitation; history of drug 
treatment by para- and intraarticular administration of cartilage 
protectors, hyaluronic acid, glucocorticosteroids, PRP, ASVF 
and ARBM cells administered less than one month before the 
start of prehabilitation; history of surgeries on the affected knee 
joint or history of trauma indicating the secondary character 
of osteoarthritis; daily life activity index (Barthel index) ≤ 
65 points; alimentary constitutional adiposity of grade II 
and above (BMI ≥ 35 kg/m2); acute and/or decompensation 
phase of the respective chronic infectious and non-infectious 
diseases.

The clinical group included 33 patients who underwent the 
prehabilitation activity complex for TKA designed by us before 
the surgery. The individual prehabilitation complex for TKA 
was identified based on the verified OA phenotype with the 
aid of a specialized computer program.

The age of the patients included in the study was from 41 
to 70 years. The average age of patients included in the study 
was 61 ± 2.5 years.

In all of the patients, the X-ray pattern of the osteoarthritis 
of the knee joint aligned with stages III and IV according to 
Kellgren & Lawrence and was accompanied with the clinical 
picture typical of destructive and dystrophic damage of the 
joint at these stages. The pain syndrome at VAS score of 6 to 8 
points both at rest and under mechanical stress was present in 
all patients. The flexion contracture of the knee joint was found 
in 5 (15%) patients, the amplitude of the active movement 
being below 90 degrees. The varus deformity of the knee joint 
was identified in 18 (54%) patients, and the valgus deformity 
in 7 (21%) patients. The signs of chronic synovitis were seen in 
17 (27%) patients. Walking aids (cane) were used by 16 (48%) 
patients. In all patients, OA of the contralateral knee joint were 
seen, stage I and II according to Kellgren & Lawrence.

The patients started the prehabilitation course four weeks 
before the TKA and completed it 72 hours before the surgery. 
The patients underwent a comprehensive clinical and functional 
examination including a clinical examination, clinical and 
functional assessment using specialized questionnaire scales: 
VAS, WOMAC (Western Ontario and McMaster University 
Osteoarthritis Index), Knee injury and osteoarthritis outcome 
score (KOOS); movement tests: 2MWT (Two Minute Walk 
Test) and TUG (Timed Up and Go), superficial functional 
electroneuromyography (ENMG) of the quadricep and the 
bicep muscles of the thigh and of the gastrocnemius muscle, 
an X-ray examination, laboratory and diagnostic tests (general 
clinical and biochemical blood assay, hemostasiogram).

1 Patent of the Russian federation for the invention No. 2844621 dated 04.08.2025.
2 Certificate of State registration of computer software No. 2026610177 dated 13.01.2026.
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Based on the results of the examination for each patient, 
the primary syndrome and the respective OA phenotype were 
identified, based on which the patient was classified to one of 
the following three subgroups.

Subgroup 1 including patients with a severe pain syndrome 
(chronic pain phenotype) was based on the following criteria: 
complaints of a manifested pain syndrome in the articular area 
at rest, start-up joint pain; VAS score over 6 points; KOOS 
score in the ‘Pain’ section below 50 points; WOMAC score 
above 38 points.

Subgroup 2 included patients with prevailing inflammatory 
mechanism (inflammatory phenotype). Against the background 
of signs of chronic synovitis of the affected joint, these 
patients showed changes in the values of the general clinical 
and biochemical blood assays: WBC count exceeding 10 × 
109/L, ESR above 20 mm/h, С-reactive protein above 8 mg/L, 
fibrinogenesis level above 5 g/L.

Subgroup 3 included patients with limited mobility range 
in the affected joint (mechanical overload phenotype). All 
patients in this subgroup complained of limited mobility in 
the knee joint after waking up and after a long time at rest. 
Their KOOS score in the ‘Symptoms’ section was below 50 
points; the WOMAC score was above 38 points; the ENMG 
of m. biceps femoris was below 25 mkV, m. rectus femoris 
was below 35 mkV, m. gastrocnemius was below 23 mkV; the 
results of the movement tests were as follows: TUG over 20 
seconds, and 2MWT less than 100 meters.

It is to be noted that more than half of the patients (52%) 
belonged to Subgroup 1.

After dividing the patients into subgroups, the orthopedic 
traumatologist prescribed to them the prehabilitation complex 
(Fig. 1, 2). The complex was based on activities common 
for all subgroups: active mechanical therapy and breathing 
gymnastics, training of patients to walk without weight-bearing 

on the operated limb using walking aids (crutches or cane), 
learning daily activities (sitting down, getting up from the 
bed, putting on clothes), psychological support and use 
of bracing. The complex also included specific treatment 
procedures targeting at correction of leading physical and 
functional disorders in each of the subgroups: in Subgroup 1, 
SMC therapy, “Chinese lantern” Kinesio taping; in Subgroup 
2, low-frequency magnetic therapy, W-tape Kinesio taping; 
in Subgroup 3, passive mechanical treatment and Y-pattern 
Kinesio taping.

All the patients included in the study underwent total knee 
arthroplasty with posterior stabilized (PS) prosthetic implants. 
In the postoperative period, they were prescribed analgesic and 
anticoagulant therapy, preventive treatment with antibiotics 
and rehabilitation activities (physical treatment and breathing 
gymnastics).

The clinical and functional status of patients was assessed 
72 hours before the TKA and 72 hours, 4 and 12 weeks after 
the surgery. For the purposes of the assessment, the results of 
the comprehensive examination were used that we performed 
4 weeks prior to the TKA, except the X-ray and laboratory and 
diagnostic tests. The examination taken 72 hours before the 
surgery was related to the end of the prehabilitation complex 
and reflected the clinical, functional and psychological 
readiness of the patient for the surgery. The observation 72 
hours after the surgery reflected the end of the verticalization 
period and the start of walking about the hospital room using 
crutches. The follow-up 4 weeks after the operation aligns with 
the phase of the end of aseptic inflammation of the intra- and 
paraarticular tissue, resolution of the edema thereof, transition 
to the phase of tissue remodeling in the area of the operated 
joint; it allowed for the evaluation of the movement range in 
the operated joint, weight-bearing capacity of the limb and 
severity of the pain syndrome that align with those processes. 
The evaluation of the clinical and functional condition of the 
operated joint 12 weeks after the surgery was performed at the 
stage of the end of key reparative processes of structural and 
functional remodeling of the tissue of the operated joint that 
manifested in the restoration of a complete movement regime 

Figure 1. The patient performs a physical exercise, deadlift with one 
leg in the starting position lying on the back, with a weight of 20 kg 
on a block simulator.
Рисунок 1. Выполнение пациентом физического упражнения – 
тяга одной ногой в исходном положении лежа на спине с 
отягощением 20 кг на блоковом тренажере.

Figure 2. SMT therapy of the affected knee joint of a patient of the 
first subgroup using the Amplipulse-5 device (Russia).
Рисунок 2. СМТ-терапия пораженного коленного сустава 
пациента первой подгруппы с помощью аппарата 
«Амплипульс-5» (Россия).
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of the patients and their return to household and professional 
activities.

The primary endpoint of the study was the WOMAC score 
reported 12 weeks after the operation that reflected the clinical 
and functional restoration of the affected segment of the 
locomotor system. The secondary endpoints were identified as 
reported results from the VAS and the ENMG of the quadricep 
and the bicep muscles of the thigh and of the gastrocnemius 
muscle in the two successive observations, 72 hours and 
4 weeks after the TKA.

Statistical processing of the results was performed in the 
computer program designed by us: “Program for the Assessment 
of Prehabilitation Results in Total Knee Arthroplasty”1. To 
test the normality of the data distribution, the Kolmogorov–
Smirnov, Shapiro–Wilk and, where appropriate, Anderson–
Darling tests were used sequentially. Normally distributed data 
were presented as M ± SD with 95% CI and analyzed using the 
Student’s t-test; for non-normally distributed data, the median 
(Me) and quartiles (Q1; Q3) were used. In all tests, differences 
were considered statistically significant at p < 0.05.

 RESULTS
The results of assessment of the clinical and functional 

status of patients performed 4 weeks and 72 hours before the 
operation and 72 hours, 4 and 12 weeks after the TKA are 
presented in Table 1.

The initial condition of patients assessed 4 weeks before the 
surgery was associated with manifested clinical and functional 
disorders, such as pain syndrome, limited movement range in the 
joint and chronic synovitis. The average score on the WOMAC 
scale was 52.48 ± 7.67, and the pain level on the VAS was 7.0 
(6.0; 7.0) points. The functional tests also confirmed significant 
limitation of movement activity: the 2-minute walking test 
distance was 108.0 (96.0; 115.0) meters, and the time of the 
“Time up and go” test was 14.01 (11.47; 16.37) seconds.

After the prehabilitation complex was performed, 72 hours 
before surgery, a statistically significant improvement of the 
clinical and functional status of the patients was seen. The 
WOMAC score decreased to 38.0 (37.0; 39.0) points, which 
confirmed significant decrease of pain and improvement of 

the articular function. This dynamic was confirmed by the 
decrease of the pain syndrome on the VAS, the score being 
6.0 (5.0; 6.0) points. Especially important was the increase of 
metrics in the “Quality of Life” section of KOOS, from 23.71 
± 7.48 to 47.0 (43.0; 49.0) points, which reflected the patients’ 
psycho-emotional readiness for the surgery. We also registered 
an increase in the bioelectrical activity of the inspected groups 
of muscles of the lower limb according to ENMG data: the 
activity of the quadricep muscle of the thigh increased from 
40.66 ± 1.59 to 45.35 ± 1.77 mkV. The patients’ functional 
stamina, according to the 2MWT, increased up to 115.0 (110.0; 
122.0) meters. These changes confirmed the formation of a 
functional reserve in patients on the eve of the surgery.

72 hours after the TKA, despite the expected deterioration 
of the clinical and functional condition of patients after the 
surgery, i.e. pain and edema in the area of the operated joint, 
the patients’ results were statistically significantly better than 
the baseline data collected before the prehabilitation. The 
WOMAC score was 34.0 (31.0; 37.0) points. The intensity of 
the pain syndrome on the VAS was at 5.0 (4.0; 5.0) points. The 
most illustrative at this point of follow-up was the outcome 
of the 2MWT: in two minutes of walking, the patients walked 
an average of 100.11 ± 19.87 meters, which demonstrated an 
improvement of their movement activity even in the early 
postoperative period.

Four weeks after the surgery, the WOMAC score reached 
24.0 (23.0; 26.0) points. The metrics in the KOOS questionnaire 
improved in a statistically significant way, especially in the 
sections “Sports and Activity” and “Quality of Life”, where 
the scores reached 70.0 (65.0; 70.0) and 73.0 (71.0; 75.0) 
points, respectively. As per the ENMG data, the activity of 
the quadricep muscle reached 51.76 ± 1.68 mkV. The distance 
walked by patients within the 2MWT test increased to 142.68 
± 15.91 meters, which showed the levels of functional stamina 
that was significantly higher not only than the levels measured 
in the previous follow-up point but even than the baseline value.

Twelve weeks after the TKA, the patients reached high 
sustainable clinical and functional results. The WOMAC score 
was as low as 15.0 (14.0; 17.0) points showing a complete 
clinical and functional rehabilitation of patients. The values in all 

1Certificate of State registration of computer software No. 2025662976 dated 23.05.2025.

Parameters 4 weeks to TKA 72 hours to TKA 72 hours after TKA 4 weeks after TKA 12 weeks after TKA

KOOS “Symptoms” (points) 51.0 (37.0;58.0) 54.0 (50.0;58.0) 52.29 ± 2.52 70.03 ± 3.79 74.48 ± 3.05

KOOS “Pain” (points) 49.0 (41.0;53.0) 51.0 (50.0;54.0) 53.0 (51.0;58.0) 69.0 (67.0;71.0) 75.81 ± 3.94

KOOS “Difficulty of performing household 
activities” (points) 39.0 (36.0;49.0) 51.0 (50.0;54.0) 51.0 (50.0;52.0) 70.58 ± 2.84 75.23 ± 3.48

KOOS “Sports and leisure activities” (points) 5.0 (5.0;10.0) 10.0 (5.0;15.0) 10.0 (10.0;10.0) 70.0 (65.0;70.0) 75.0 (70.0;75.0)

KOOS “Quality of life assessment” (points) 23.71 ± 7.48 47.0 (43.0;49.0) 34.0 (31.0;37.0) 73.0 (71.0;75.0) 78.10 ± 3.36

WOMAC (points) 52.48 ± 7.67 38.0 (37.0;39.0) 34.0 (31.0;37.0) 24.0 (23.0;26.0) 15.0 (14.0;17.0)

VAS (points) 7.0 (6.0;7.0) 6.0 (5.0;6.0) 5.0 (4.0;5.0) 4.0 (3.0;4.0) 1.0 (0.0;1.0)

2MWT (meters) 108.0 (96.0;115.0) 115.0 (110.0;122.0) 100.11 ± 19.87 142.68 ± 15.91 154.06 ± 11.73

TUG (seconds) 14.01 (11.47;16.37) 14.20 (11.32;16.58) 15.48 ± 3.71 10.19 ± 1.77 9.56 ± 1.55

ENMG
(mkV)

m. biceps femoris 29.91 ± 1.43 36.32 ± 2.15 32.06 ± 1.64 42.1 (40.8;42.7) 42.28 ± 2.55

m. rectus femoris 40.66 ± 1.59 45.35 ± 1.77 41.05 ± 1.46 51.76 ± 1.68 60.1 (58.1;61.3)

m. gastrocnemius 31.39 ± 1.33 40.1 (38.6;40.8) 36.2 (33.8;37.1) 45.31 ± 1.93 53.73 ± 2.14

Table 1. Results of the assessment of the clinical and functional status of patients at all follow-up periods in the pre- and postoperative periods
Таблица 1. Результаты оценки клинико-функционального состояния пациентов на всех сроках наблюдения  
в до- и послеоперационном периодах

http://www.innoscience.ru


 www.innoscience.ru 149

S c i e n c e  &  I n n o v a t i o n s  i n  M e d i c i n e                  Vo l . 11  ( 2 )  2 0 2 6 TRAUMATOLOGY AND ORTHOPEDICS

sections of the KOOS questionnaire were high, especially in the 
sections “Sports and Activity” and “Quality of Life”, the scores 
being 75.0 (70.0; 75.0) and 78.10 ± 3.36 points, respectively. 
The pain syndrome was minimal: 1.0 (0.0; 1.0) points on the 
VAS. The ENMG values of the studied muscle groups continued 
increasing to high values, e.g. 60.1 (58.1; 61.3) mkV for the 
quadricep muscle. The tolerance to physical load tested by 
the 2MWT test reached 154.06 ± 11.73 meters, demonstrating 
significant positive dynamics versus baseline level.

 DISCUSSION
The obtained results correlate with the data of foreign 

research that demonstrate positive effects of prehabilitation 
in the early activation of the patient and restoration of the 
function of the operated joint.

In our study, we observed a key effect described in the 
literature, i.e. improvement of muscular force metrics on 
the ENMG data and gait speed from the 2MWT and TUG 
test results as early as 4 weeks after the surgery. Improved 
bioelectrical activity of the quadricep muscle of the thigh 
72 hours after the end of the prehabilitation complex and its 
faster restoration by the 4th and 12th weeks after the surgery 
correlated with findings to the effect that the preoperative 
strengthening of the stabilizer muscles of the knee joint was 
also a prerequisite to the successful postoperative rehabilitation.

Our study results also confirmed the positive impact of 
prehabilitation on pain. Despite a natural increase in pain in 
the first 72 hours after surgery, the VAS pain level remained 
below preoperative baseline values, which facilitated more 
comfortable vertical positioning and patient activity.

It is to be noted that the use of a multimodal and individualized 
approach, taking into account the leading OA phenotype, 
allowed us to target key pathogenetic factors. This resonates with 
the current trend toward developing combined prehabilitation 
programs that include, in addition to kinesiotherapy, physical 
therapy, orthotics, and psychological support.

 CONCLUSION
The developed approach to prehabilitation of patients 

undergoing TKA, based on phenotypic stratification of OA and 
the use of an individualized treatment package, demonstrated 
statistically significant improvement in clinical and functional 
parameters in the preoperative period. The proposed 
prehabilitation package resulted in a reduction in pain severity 
according to the VAS and WOMAC scales, improved KOOS 
scores, an increase in the 2MWT distance, and increased 
bioelectrical activity of the quadriceps, biceps femoris, and 
gastrocnemius muscles, as measured by functional ENMG of 
the lower limbs.

In the postoperative period, positive dynamics of the clinical 
and functional condition of patients were registered at 4 and 
12 weeks after the surgery, demonstrated in the restoration of 
the movement range, weight-bearing capacity of the limb ad 
reduction of the pain syndrome.

The obtained results allow us to consider the proposed 
approach to prehabilitation of patients with knee osteoarthritis 
as a promising approach to optimizing preoperative preparation 
for total knee arthroplasty. Controlled trials with a comparison 
group are recommended for a definitive assessment of the 
clinical efficacy of the developed method. 
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Тенденции морфологических изменений  
коленных суставов, выявляемые  
при ультразвуковой визуализации

А.С. Мошкин, Л.В. Мошкина, К.Д. Холикова, П.А. Крючков
ФГБОУ ВО «Орловский государственный университет имени И.С. Тургенева (Орел, Российская Федерация)
Аннотация 
Цель: оценить характер ультразвуковых изменений некоторых структур 
коленных суставов среди пациентов, обратившихся за амбулаторной ме-
дицинской помощью.
Материал и методы. Обследованы 380 добровольцев в возрасте от 18 до 
86 лет. Использовалось диагностическое оборудование SonoAce R7. Резуль-
таты вносились в электронные таблицы, с последующей группировкой и 
статистическим анализом с использованием MS Excel, IBM SPSS Statistics 
20, построения графиков распределения средствами StatSoft Statistica 10.
Результаты. Средний возраст участников наблюдения, у которых были 
выявлены кисты Бейкера, составил 57,9±9,1 года, среди мужчин 56,5±8,5 
года, у женщин 58,3±9,2 года. Признаки остеоартрита в виде заострения 
краев суставных поверхностей и выраженных остеофитов были выявле-
ны среди 67,3% наблюдений (256 случаев). Среди мужчин данные про-

явлений были выявлены в 56,1%, а среди женщин в 75,9%. Проявления 
синовита наблюдались в 22,1% (84 случая), среди мужчин в 24,4%, у 
женщин в 20,4%. Кисты Бейкера диагностированы в 23,7% наблюдений 
(90 случаев), среди мужчин в 12,2%, у женщин в 32,4%. Отмечена схожая 
динамика развития структурных изменений коленных суставов, неза-
висимо от пола пациентов.
Заключение. Определение этиологии патологических изменений, оценка 
их роли в развитии сопутствующих симптомов и вероятных осложнений 
позволяет повышать эффективность диагностики и лечения, выбирать 
оптимальную тактику ведения пациентов.
Ключевые слова: коленный сустав, остеоартрит, киста Бейкера, ультра-
звуковая диагностика.
Конфликт интересов: не заявлен.
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Trends in morphological changes of knee  
joints revealed by ultrasound imaging

Andrei S. Moshkin, Lyubov V. Moshkina, Kseniya D. Holikova, Petr A. Kryuchkov
Orel State University named after I.S. Turgenev (Orel, Russian Federation)

Abstract
Aim: to evaluate the nature of ultrasound changes in some structures of 
the knee joints among patients seeking outpatient medical care. Using the 
example of a clinical case to demonstrate the importance of differential 
diagnosis of diseases of the knee joints with vascular pathology of the lower 
extremities.
Material and methods. 380 volunteers aged 18 to 86 years were examined. 
SonoAce R7 diagnostic equipment was used. The results were entered into 
spreadsheets, followed by grouping and statistical analysis using MS Excel, 
IBM SPSS Statistics 20, and plotting distribution using StatSoft Statistica 10.
Results. The average age of the participants diagnosed with Baker’s 
cysts was 57.9±9.1 years: 56.5±8.5 years for men and 58.3±9.2 years for 
women. The signs of osteoarthritis, including sharpened articular surface 

edges and prominent osteophytes, were detected in 67.3% (256) of cases. 
These manifestations were detected in 56.1% of men and 75.9% of women. 
Synovitis was observed in 22.1% (84) cases, 24.4% for men and 20.4% for 
women. Baker’s cysts were diagnosed in 23.7% (90) cases, 12.2% for men 
and 32.4% for women. Similar dynamics in the development of structural 
changes in the knee joints were noted, regardless of the patient’s gender.
Conclusion. Determining the etiology of pathological changes and assessing 
their role in the development of associated symptoms and potential 
complications allows for more effective diagnosis and treatment, as well as 
the selection of optimal patient management strategies.
Keywords: knee joint, osteoarthritis, Baker’s cyst, ultrasound diagnostics.
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 INTRODUCTION

Among the diseases of the locomotor system, the 
degenerative and dystrophic changes remain the 

leading reason why patients seek medical assistance [1]. 
Numerous published works demonstrate the importance 
of improvement of early diagnostics of such diseases as 
osteoarthritis in order to enhance efficacy of treatment and 
improve quality of life of patients [2]. Difficulties in the 
staging and early diagnosis of this group of diseases are 
due to their polyetiological nature, variability of the clinical 
presentation and late presentation of patients for medical 
care [3, 4]. 

The reasons for seeking medical assistance often comprise 
the following symptoms: constrained movements in the 
morning, pain under physical exercise, feeling of fullness 
and swelling in the joint area, increased manifestations 
of the disease after a period of intense movement activity 
[5]. Excess weight and obesity aggravate the progression 
of the disease. Pharmacological and non-pharmacological 
treatment methods are instrumental in relieving the 
pain and improving physical activity, but they can not 
remove the pathological and X-ray changes characteristic 
of osteoarthritis of the knee joint [6-8]. As a result, the 
pathological changes progress, and functional disorders 
aggravate [10].

Modern methods of instrumental diagnostics of diseases 
of the locomotor system, among them the knee joint, include 
X-ray and ultrasound imaging and arthroscopic examination 
[10-12]. The X-ray method is the simplest and leads in 
the determination of the stage of the disease, but it has 
limitations in the possibilities of assessment of changes of 
the surrounding soft tissue [13]. 

Computed tomography and magnetic resonance imaging 
provide possibilities to get more information about the 
extent of changes and to assess the condition of neighboring 
structures; they are more used in the preoperative stages in 
complex clinical cases. Unlike other methods, ultrasound 
imaging allows for assessment of the external perimeter of 
the osseous structures, changes in the surrounding tissue, 
and for a detailed condition of the cartilage elements of 
the locomotor system [14]. Wide availability and relative 
ease of performance make methods of ultrasound imaging 
highly successful in the assessment of periarticular tissues 
and assessment of condition of the hyaline cartilage [10]. 
An important advantage was the identification of such 
concomitant conditions as Baker’s cysts, varicose veins, 
etc. [10, 11].

Depending on the combination of factors manifested in 
patients with diseases of the locomotor system caused by 
the extent of pathologic changes and concomitant diseases, 
various approaches to treatment organization are used 
including pharmacological [15] and traditional methods 
[16], physiotherapy [17], use of braces and physical exercise 
[3, 6, 9]. Surgical methods may include prosthetics and 
treatment of concomitant changes.

One of important problems is the synovial cysts of the 
popliteal cysts and varicose dilatation of veins of the lower 
limbs [15, 12, 18]. In clinical practice, differential diagnosis 
of pathological changes of the knee joint with hemodynamic 
disorders of the lower leg is often needed [10, 19]. 

 AIM
To evaluate the nature of ultrasound changes in some 

structures of the knee joints among patients seeking outpatient 
medical care.

 MATERIAL AND METHODS
In outpatient care conditions, 380 volunteers were 

examined. They presented various complaints related to 
the knee joint. Their age was 18 to 86 years (median age: 
52.3±11.9 years). The study did not involve patients after 
surgical interventions, including total knee replacement. The 
diagnostic equipment was the Samsung Medison SonoAce 
R7 (Republic of South Korea) with a high-frequency linear 
sensor. The study protocol was approved by the local ethics 
committee; all participants signed a voluntary informed 
consent to participate in the study. The anonymized results 
were placed in electronic spreadsheets with subsequent 
grouping and statistical analysis.

Statistical processing of data was performed in Microsoft 
Excel 2007 and IBM SPSS Statistics v. 20.0. Extreme values 
(Min–Max), means and standard deviations (M±SD), medians 
(Me), first and third quartiles of the distribution [Q1–Q3], 
and the coefficient of variation (CV, %) were analyzed. The 
reliability of the study data was assessed using Student’s 
t-test for independent and paired samples, as well as by 
constructing graphs to confirm the normality of the evaluated 
parameters using StatSoft Statistica 10.

 RESULTS
There were 164 men and 216 women among the 

participants of the study. The average age of men was 
48.0±13.6 years; the average age of women was 55.5±13.6 
years. The distribution of values for all participants of the 
observation is presented on the distribution normality chart 
(Fig. 1).

One of the most important metrics in the diagnostics of 
knee joint diseases is the assessment of thickness of the 
hyaline cartilage. In our study, the value was measured 
in the area of the weight-bearing surface of the medial 
femoral condyle, and the general data on the distribution of 
measurement results are presented as a chart of normality of 
value distribution (Fig. 2).

The thickness of the hyaline cartilage within our study was 
in the range (Min-Max) of 1.0-3.3 mm, and the average for 
all participants was 1.9±0.4 mm, Me: 1.9 mm, Q1-Q3: 1.6-
2.1 mm. Among the men, the values were (Min-Max): 1.3-
3.3 mm, the average thickness of the hyaline cartilage was 
2.0±0.4 mm. The median (Me) was 2.0 mm, first and third 
quartiles [Q1-Q3] among men were 1.7-2.2 mm, CV: 21.9%.

Among the women in the study, the thickness of the 
hyaline cartilage in the area of the weight-bearing surface 
of the medial femoral condyle was (Min-Max) as follows: 
1.0-3.0 mm, mean value (M±SD): 1.9±0.4 mm, Ме: 1.8 mm, 
Q1-Q3: 1.6-2.1 mm, CV: 20.1%.

Signs of osteoarthritis, viz. sharpening of edges of 
articular surfaces and manifested osteophytes, were identified 
in 67.3% of examinations (256 cases). Among men, such 
manifestations were seed in 56.1%, and among women, in 
75.9%. Signs of synovitis were seed in 22.1% (84 cases): 
among men, in 24.4%, among women, in 20.4%. Baker’s 

http://www.innoscience.ru
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cysts were diagnosed in 23.7% of examinations (90 cases): 
among men, in 12.2%, among women, in 32.4%.

The median age of participants of the study, in whom 
Baker’s cysts were diagnosed, was (M±SD) 57.9±11.3 
years, (Min-Max) 23-86 years, (Me) 59.0 years, interquartile 
interval among all participants [Q1-Q3] was 50.0-67.0 years, 
CV-19.6%. Male group: (Min-Max) 44-73 years, (M±SD) 
56.5±9.8 years, (Me) 50.0-66.0 years, CV-17.3%. In the 
female group, cysts were identified at the age of (Min-Max) 
23-86 years, (M±SD) 58.3±11.8 years, (Me) 52.0-67.0 years, 
CV – 20.2%. The obtained data is shown in the box plot 
(Fig. 3).

The values of the thickness of the hyaline cartilage in 
the area of the weight-bearing surface of the medial femoral 
condyle in the diagnostics of Baker’s cysts were as follows: 
(Min-Max) 1.0-3.0 mm, the median value for all observations 
(M±SD) was 2.0±0.4 mm, (Me): 1.9 mm, Q1-Q3: 1.7-2.2 
mm, CV: 20.4%.

In the male group, at the diagnosis of the Baker’s cysts 
the cartilage thickness was in the range (Min-Max) of 1.4-
3.0 mm, (M±SD): 2.1±0.5 mm, (Me): 2.0 mm, Q1-Q3:  1.7-
2.4 mm, CV: 26.0%. In the female group, the minimum 
and maximum values of hyaline cartilage thickness art the 
diagnosis of the Baker’s cysts were as follows: (Min-Max), 
1.0-2.7 mm, (M±SD): 1.9±0.3 mm, (Me): 1.9 mm, Q1-
Q3: 1.7-2.1 mm, CV: 17.8%. The generalized data on the 
distribution of values are shows in the box diagram (Fig. 4).

The analysis of the contents of the cysts showed the 
following. In 32.6% of the cases, signs of presence of 
inclusions and bridges were identified, and in 27% signs of 
a finely dispersed suspension were seen. Special attention 
was paid to measuring the thickness of walls of Baker’s cysts. 
For all observations, the cyst wall thickness (Min-Max) was 
0.7-3.8 mm, (M±SD): 1.8±0.6 mm, (Me): 1.7 mm, Q1-Q3: 
1.4-2.2 mm, CV: 33.5%. In the male group, the cyst wall 
thickness (Min-Max) was 1.2-1.6 mm, (M±SD): 1.8±0.4 mm, 
(Me): 1.8 mm, Q1-Q3: 1.7-2.0 mm, CV: 23.8%. In the female 
group, the cyst wall thickness (Min-Max) was 0.7-3.8 mm, 
(M±SD): 1.8±0.7 mm, (Me): 1.6 mm, Q1-Q3: 1.4-2.3 mm, 
CV: 35.9%.

The presented data demonstrate a similar pattern of 
echographic changes in the knee joints between men and 
women. Differences in changes among men and women 
show a small variance, while the reliability of the analyzed 
parameters, as calculated using Student’s t-test, corresponds 
to P<0.001 when comparing data between participant groups. 

 DISCUSSION
Current clinical practices have a wide range of 

instrumental diagnostic tools to determine the extent of 
changes of the joints and the periarticular structures [20]. 
The X-ray method is fast and efficient for the assessment of 
osseous structures [13]. Magnetic resonance imaging allows 
studying the problems by using the advantages offered by 
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Figure 1. Diagram of the normality of the probable age distribution 
(years) among men and women in the study.
Рисунок 1. Диаграмма нормальности вероятного 
распределения возраста (лет) среди мужчин и женщин в 
наблюдении.

Figure 2. Diagram of the normality of the probable distribution of 
hyaline cartilage thickness (mm) among men and women in the study.
Рисунок 2. Диаграмма нормальности вероятного 
распределения толщины гиалинового хряща (мм)  
среди мужчин и женщин в наблюдении.

Figure 3. Age range diagram for men and women  
in cases of Baker’s cysts diagnosis.
Рисунок 3. Диаграмма размаха для возраста среди мужчин  
и женщин в случаях диагностики кист Бейкера.
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multiparametric visualization, but the procedure is rather 
lengthy and expensive [20]. Computed tomography provides 
sufficient diagnostic information and is rather fast. At the 
same time, it provides higher radiation exposure than the 
standard X-ray of the joints.

Ultrasound imaging allows addressing a wide range of 
practical tasks without using costly expert-level machines. 
A significant advantage is the possibility of multiparametric 
scanning (using various working frequencies and sensor 
configurations) in solving specific practical tasks [10]. The 
possibility of direct communication with the patient during 
the examination allows for a more detailed inspection of 
areas with the most pronounced pain and manifested external 
changes. Another great advantage of ultrasound imaging is 
the possibility of functional evaluation of joints. It is possible 
to enhance the diagnostic procedure considering the patterns 
reflecting the character of changes in the periarticular tissue 
in cases of a manifested edema or suspected development of 
phlebothrombosis. 

Even though manifestations of osteoarthritis are well known 
and described, development and availability of diagnostic 
opportunities of equipment regularly necessitates updates of 
the known information [21]. On the other hand, the progress 
of osteoarthritis is associated with numerous factors, including 
lifestyle and physical activity; therefore, the prevalence 
of identified changes with respect to the patients’ age and 
concomitant processes requires regular follow-ups from the 
scientific community [22]. Our study demonstrates a similar 
trend in the progression of osteoarthritis described in the work 
of A.S. Povzun et al., with a greater number of women in 
the total sample. Thanks to the opportunities provided by the 
method of ultrasound imaging, correlations were shown in 
the dynamics of development of structural changes. Due to a 
considerable number of participants, the obtained results allow 
for a more detailed assessment of the character of changes 

among patients who sought medical assistance in the outpatient 
care stage.  The obtained data can be used with a high degree 
of confidence for applied purposes, including the development 
of specialized software and the refinement of age- and sex-
specific morphometric parameters.

Domestic and international publications highlight the 
importance of a comprehensive patient analysis in the 
diagnosis of joint diseases, as well as the need to supplement 
clinical examination findings with data from radiography and 
ultrasound imaging [2, 4, 23]. The results obtained within 
our study enable a demonstration of prevalence of some 
echographic signs in the process of development of knee joint 
diseases. Some of the most visual manifestations concomitant 
with the complex of pathological changes, are the signs of 
synovitis and identification of Baker’s cysts, which, in some 
cases, require differential diagnostics.

Ultrasound imaging enables rapid, effective, and informative 
resolution of complex clinical issues while simultaneously 
ruling out both rarer complications, such as cyst rupture or 
hematoma, and concomitant thrombophlebitis of the deep 
veins of the lower leg. Such clinical cases have been described 
in studies demonstrating the importance of echographic 
verification and the clinical significance of periarticular 
structures [23]. E.A. Skripchenko et al. describe the importance 
of possibilities offered by ultrasound imaging to assess condition 
of periarticular structures in osteoarthritis and to correlate the 
results with X-ray imaging data in the assessment of severity 
of pathological processes. Another important aspect is the 
determination of compression of elements of the neurovascular 
bundle in the popliteal area and exclusion of pathological 
processes of a different etiology. A clinical case of compression 
of the popliteal artery by a Baker’s cyst was described in the 
paper of D.I. Markevich et al. [19]. The authors describes 
a pattern of hemodynamic disorder which resulted from a 
combination of such factors as atherosclerotic alterations along 
the way of arteries of lower limbs and processes associated with 
a synovial cyst in the popliteal area. In its turn, the prevalence 
of diseases of veins of lower limbs and Baker's cysts was 
the reason for the development of methods of simultaneous 
surgical treatment of such patients by combined phlebectomy 
and removal of the synovial cyst of the popliteal region [24]. 
Implementation of advantages of laser and minimally invasive 
technologies allowed for the use of the method of simultaneous 
laser thermal obliteration of recurrent lower extremity veins 
and Baker’s cysts [18].

 CONCLUSIONS
The data obtained by us demonstrates a complex of 

correlated changes in osteoarthritis diagnosed by ultrasound 
imaging of structures of the knee joint. Signs of osteoarthritis 
are identified in 67.3% cases, and synovitis, in 22.1%. Baker’s 
cysts are diagnosed in 23.7% of examinations. Baker’s cysts 
were diagnosed in the age of 57.9±9.1 years. In general, there 
was found a similar dynamic of development of structural 
changes of the knee joints independent of the patients’ sex.

Determination of etiology of pathological changes, 
assessment of their role in the development of concomitant 
symptoms and possible complications allows for improvement 
of efficacy of diagnostics and treatment, and for the selection 
of optimal tactics of patient management. 

Figure 4. Span diagram for the thickness of hyaline cartilage in the 
area of the supporting surface of the medial condyle of the femur, 
depending on the detection of Baker’s cysts.
Рисунок 4. Диаграмма размаха для толщины гиалинового 
хряща в области опорной поверхности медиального мыщелка 
бедра в зависимости от выявления кист Бейкера.
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Редкая причина абсцесса селезенки
И.В. Макаров, Б.Д. Грачев, Е.С. Лопухов
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Аннотация
Абсцесс селезенки как самостоятельное заболевание составляет не более 
1% от общего числа острых хирургических заболеваний органов брюш-
ной полости. Диагностика абсцесса селезенки сложна и малоэффективна 
без использования инструментальных методов, среди которых основное 
значение имеют УЗИ и КТ. До 30% абсцессов селезенки излечиваются 
в результате консервативного лечения. Способы оперативного лечения 
включают в себя как современные малоинвазивные, так и традиционные 
открытые хирургические вмешательства.
Летальность при абсцессе селезенки остается высокой – до 50%.

В статье представлено клиническое наблюдение – абсцесс селезенки у 
пациентки старческого возраста, вероятно эмболического генеза, раз-
вившийся на фоне фибрилляции предсердий. Обосновывается отказ от 
использования малоинвазивных и органосберегающих способов лечения 
в пользу спленэктомии лапаротомным доступом.
Ключевые слова: селезенка, абсцесс селезенки, спленэктомия, компью-
терная томография, фибрилляция предсердий. 
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A rare cause of spleen abscess
Igor V. Makarov, Boris D. Grachev, Evgenii S. Lopukhov

Samara State Medical University (Samara, Russian Federation)
Abstract
Splenic abscess as an independent disease accounts for no more than 1% of 
all acute surgical diseases of the organs of the abdomen. Diagnosis of splenic 
abscess is complex and ineffective without the use of instrumental methods, 
among which ultrasound and CT are of primary importance. Up to 30% of 
splenic abscesses are cured with conservative treatment. Surgical treatment 
methods include both modern minimally invasive and traditional open surgical 
interventions. Mortality from splenic abscess remains high, up to 50%.

This article presents a clinical case of splenic abscess in an elderly patient, 
likely of embolic origin that developed due to atrial fibrillation. The article 
justifies the abandonment of minimally invasive and organ-preserving 
treatment methods in favor of splenectomy via a laparotomy approach.
Keywords: spleen, splenic abscess, splenectomy, computed tomography, 
atrial fibrillation.
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 BACKGROUND
Splenic abscess as an independent disease accounts for 

no more than 1% of all acute surgical diseases of the organs 
of the abdomen [1]. The major pathogenetic mechanism 
of development of primary splenic abscesses is the 
septicopyemia type generalization of the bacterial infection. 
In most cases, the splenic abscess is developing acutely on 
the background of bacterial endocarditis, moreover, there 
were reports of its development against severe COVID-
infection, leukoses, and primary spleen lymphoma [2–5]. A 
much rarer clinical manifestation is subacute splenic abscess, 
which develops following a severe infection [6] or in the 
setting of autoimmune diseases [7]. Splenic abscesses have 

also been described as a result of suppuration of traumatic 
hematomas and hydatid cysts [2, 8].

The infectious agents are usually the bacteria of the 
coliform group; however, specific infection cases have been 
described, viz. brucellosis [9], tuberculosis [10].

Clinical manifestations of the splenic abscess comprise 
symptoms of general infectious syndrome, often with organ 
dysfunction of various severity and local symptoms that 
present clinically as pains in the left hypochondrium with 
irradiation to the left part of the chest, enlarged spleen, and 
pleural exudate [2–4]. In the subacute course, the disease 
is accompanied by minimal symptoms and low‑grade  
fever [11].
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Clinical diagnostics of the splenic abscess is complicated 
and thus necessitates instrumental methods. Ultrasound 
diagnostics, Ct and MRI all have sufficient sensitivity and 
specificity; however, most authors consider it necessary using 
ultrasound diagnostics as the screening method and CT and 
MRI as the confirming methods [2–4, 12]. Cases have been 
reported when differential diagnosis took several months 
because splenic abscess was progressing masked by splenic 
lymphoma or hemorrhagic vasculitis [4]. Diagnostics of 
splenic abscess is especially complicated in the presence of 
immunodeficiencies [13].

The pathology can be treated conservatively, which is 
effective in 30% of observations [2–4], and surgically, which 
includes the traditional splenectomy or puncture drainage. In 
the cases of bacterial endocarditis, most authors prefer the 
traditional splenectomy [2, 3, 11]. In some cases, first the 
transcutaneous drainage is performed, and splenectomy follows 
relief of sepsis symptoms [11]. Laparoscopic splenectomy is 
not performed due to the presence of adhesion and hazard of 
rupture of the abscess into the free peritoneal cavity [2–4,11].

It is to be mentioned that only a few authors give preference 
to transcutaneous drainage as the main treatment method 
justifying it by preserving the spleen as an immunocompetent 
organ. At the same time, they admit that the removal of the 
residual cavity and the time of its drainage last for several 
weeks [14]. There have been individual reports of open organ-
preserving operations [15, 16].

Mortality in cases of splenic abscess remains high, up to 
50% [3]. It stems, however, not from the splenic abscess proper 
but from the generalization of the infection, i.e. from sepsis.

This article presents a clinical observation of a successful 
treatment of splenic abscess without the primary focus of sepsis 
in an old age female patient against a severe cardiovascular 
pathology and justifies our refusal from low-invasive treatment 
methods.

 DESCRIPTION OF CLINICAL CASE
Female patient N., 79 years old, urgently admitted in a 

moderately severe condition with complaints of temperature 
rising to 38.4°С and feeling generally unwell. She had been 
ill for about 4 weeks, when the feeling unwell set on and the 
temperature would rise to 37.3°С in the evenings, that the 
patient herself considered manifestations of a respiratory 
infection. Gradually, the fever became hectic (up to 38.4°С 
in the evenings). She had no chills. She denied pains in the 
stomach or dyspeptic symptoms.

For more than 20 years, the patient had coronary heart 
disease. Six years prior she had a myocardial infarction, 
following which a permanent form of atrial fibrillation with 
ventricular tachysystole developed. For three years after, she 
received Clopidogrel. Then, she stopped taking antiaggregant 
drugs of her own accord; she did not receive any anticoagulants. 
Before the infarction, she had surges of blood pressure up to 
160/90 mmHg. After the infarction, she had no BP surges.

In the course of outpatient examination, pneumonia was 
excluded. Ultrasound examination revealed mild increase 
in the spleen size (area: 72 cm2). The greater part of the 
organ was occupied by a large (D=84 mm) homogenous 
echo-negative mass. The patient was urgently handed over 
to the surgical hospital with a referral diagnosis of “Splenic 

abscess”. The laboratory tests only included total blood count 
and urine analysis (revealing mild leukocytosis (11.2·1012) 
and biochemical blood assay (no abnormalities found).

Hospital-based examination pronounced the patient’s 
condition as moderately severe. Normal consciousness. Body 
temperature 36.4°С. Respiratory rate 16 per minute, vesicular 
breathing. HR 92–106 bpm, arrhythmic pulse of 82–96 bpm. 
BP 125/75 mmHg. The tongue is moist. The abdomen is soft, 
with slight tenderness on palpation in the left hypochondrium; 
the liver and spleen are not palpable. Soft pitting edema of the 
lower legs and feet is present and does not resolve overnight. 
Appetite is reduced. The patient has a tendency to constipation, 
with bowel movements occurring after laxative use. Urinary 
output is preserved.

Considering the temperature reaction and ultrasound 
examination data, the patient was preliminarily diagnosed 
with “Splenic abscess”. In order to verify the diagnosis, CT 
of the abdominal cavity was performed with intravenous bolus 
contrast enhancement. Spleen dimensions: 118×96×109 mm. 
The greater part of the organ is occupied with a hypodense 
homogenous mass of irregular shape, size: 110×78×84 mm, 
density: 28–32 HU, weak and non-homogenous hyperdense 
amplification of the walls to the arterial phase (Fig. 1–3). The 
blood flow in the splenic artery and vein is preserved.

EchoCG was performed to stratify surgery and 
anesthesiologic risk that revealed the following: thickening 
of the walls of the ascending aorta and of the aortic valve 
leaflets, as well as the mitral valve leaflets, with grade 2 
regurgitation; signs of pulmonary hypertension; reduced 
left ventricular systolic function with an ejection fraction of 
33%. No thrombi were detected in the atria. Transesophageal 
echocardiography was not performed due to the severity of 
the patient’s condition and the presence of indications for 
emergency surgical treatment.

Laboratory tests reported mild anemia (hemoglobin 116 g/L, 
RBC 3.7·1012; mild elevation of nitrogenous waste (creatinine 
107 µmol/L, urea 8.1 µmol/L). Homeostasis values within 
reference range (INR 1.05, aPTT 32 seconds, platelets 205·109). 
The absence of a leukocyte reaction was notable (4.5·109) as 
was the change in the leukocyte formula (rod nuclear cells 4%; 

Figure 1. CT scan of patient N. Coronal projection.
Рисунок 1. Компьютерная томография больной Н. 
Корональная проекция.
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segmental leukocytes 62%; lymphocytes 28%; monocytes 4%; 
eosinophils 2%). C-reactive protein concentration was mildly 
elevated (8.1 mg/L), fibrinogen and D-dimer levels were not 
studies due to a short preoperative period.

Based on the medical history, platelet response and CT 
findings, the diagnosis of splenic abscess was confirmed. 
On the third day after admission, the patient underwent 
splenectomy via an upper midline laparotomy. Upon 
exploration, a cicatricial adhesive process was found in the 
left subphrenic space. The liver was slightly enlarged, firm, and 
smooth in texture. Examination of the remaining abdominal 
organs revealed no obvious pathological changes. After the 
adhesions were divided, the body and the upper pole of the 
spleen were exposed. A large, thin‑walled, fluctuant mass was 
palpated in the lower pole. The splenophrenic ligament and 
the vascular pedicle were ligated and divided, with separate 
handling of the artery and the vein; the vessel lumens were 
free. Subsequently, the spleen was separated from the splenic 
flexure of the colon. During dissection, the abscess ruptured, 
and up to 150 mL of thick, gray‑brown, odorless pus mixed 
with splenic detritus was evacuated (Fig. 4).

Specimens were taken for bacteriological examination. 
The abscess capsule was dissected free from the colon. The 

avascular splenorenal ligament was divided. The spleen was 
removed. The subphrenic space was irrigated until clear and 
drained through two counter‑incisions in the left flank using 
two tubular drains. The wound was closed in layers.

The postoperative period was free from complications. On 
the third postoperative day, flatus began to pass. No fever was 
observed. During the first postoperative day, up to 100 mL of 
intensely colored hemorrhagic exudate was drained, with the 
amount progressively decreasing. The drains were removed 
on the 5th and 6th postoperative days. The wound healed by 
primary intention. The patient was discharged on the 12th 
postoperative day.

Postoperatively, the patient received enoxaparin 10,000 
anti‑Xa IU/mL, 0.4 mL subcutaneously twice daily; 
cefoperazone‑sulbactam 1.0 g + 1.0 g in 250 mL of 0.9% sodium 
chloride solution intravenously twice daily; ketorolac 3%, 1 mL 
in 10 mL of 0.9% sodium chloride solution intravenously three 
times daily; and omeprazole 40 mg in 500 mL of 0.9% sodium 
chloride solution intravenously once daily.

Histological examination of the abscess wall revealed 
neutrophilic infiltration with areas of vascular thrombosis. The 
histological diagnosis was splenic abscess. Examination of 
the remaining splenic tissue showed no pathological changes.

Bacteriological analysis of the pus from the abscess cavity 
identified a high concentration of Enterococcus faecalis (106 
CFU).

Final clinical diagnosis. Main diagnosis: splenic abscess. 
Complications: none. Secondary diagnosis: CHD. Postinfarction 
cardiosclerosis. Permanent atrial fibrillation with ventricular 
tachysystole. Grade 2 mitral valve insufficiency. Cerebral 
atherosclerosis. Grade 2 dyscirculatory encephalopathy.

 DISCUSSION
The first specific feature of this observation is the 

pathogenetic mechanism of splenic abscess. It follows from 
literature that a typical mechanism of abscess development is 
hematogenous dissemination in case of presence of a primary 

Figure 2. CT scan of patient N. Axial projection.
Рисунок 2. Компьютерная томография больной Н. Аксиальная 
проекция.

Figure 3. CT scan of patient N. Sagittal projection.
Рисунок 3. Компьютерная томография больной Н. 
Сагиттальная проекция.

Figure 4. Separation of the splenic-colon ligament. The moment of 
opening of the spleen abscess.
Рисунок 4. Разделение селезеночно-ободочной связки. Момент 
вскрытия абсцесса селезенки.
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septic focus [2–4]. The emboly of branches of the splenic 
artery with subsequent abscess formation in the infarction 
area is indicated as the probable but rare mechanism of 
abscess development [11, 12]. We were not able to find any 
clinical observations of the actual implementation of this 
mechanism.

Usually, hematogenous dissemination develops on a 
background of an initially severe septic disease. In the case 
under observation its history revealed neither a clinical 
manifestation of the infectious process nor the potential 
primary septic focus. Considering the presence of atrial 
fibrillation and ventricular tachysystole, the most likely 
pathogenic mechanism was the emboly of the splenic artery 
with development of infarction of the spleen with further 
formation of abscess of the necrosis zone.

With atrial fibrillation present, the main source of 
thromboembolism are the atria. Echocardiography did not 
confirm the presence of atrial thrombi; however, exclusion 
of atrial thrombosis can be most reliably achieved using 
transesophageal echocardiography [16], which was not 
performed.

Regretfully, over the past several years the patient did not 
receive either antiarrhythmic or antithrombotic therapy, which 
was indicated for her condition [7] and might potentially have 
prevented the development of splenic abscess. At the same 
time, there was no history of pain syndrome, characteristic for 
the massive emboly of the splenic artery, without which the 
development of an infarction of the organ is not possible that 
would be sufficient for the formation of the abscess. Smaller 
infarctions of the spleen organize, in the majority of cases [2, 
11]. Thus, it is not possible to form a well-justified opinion 
on the pathogenic mechanism of the development of splenic 
abscess in this particular observation.

The second specific feature of this observation is the 
symptomatic landscape of the splenic infarction. Usually, 
it comprises general symptoms of a severe endogenous 
intoxication and local symptoms of organ damage. While the 
patient had the first group of symptoms, she had none from 

the second. There was no abdominal pain, no tenderness on 
palpation, and no dyspeptic manifestations. The reason for 
such a clinical course is unclear. It may be related to the 
patient's advanced age, or possibly to the localization of the 
abscess in the upper pole of the spleen, which to some extent 
isolated the abscess from the free peritoneal cavity.

The third special feature of this clinical case is the choice 
of treatment method. With the abscess of such dimensions, 
conservative treatment has no prospects, and surgical treatment 
was clearly indicated for the patient. Our clinic has sufficient 
experience in puncture drainage surgeries under ultrasound 
and CT-assisted navigation. We also perform laparoscopic 
splenectomy and laparoscopic fenestration of splenic cysts. 
In this particular case we made a deliberate choice of not 
using minimally invasive treatment methods since the time of 
disease led to believe a manifested adhesive process was in 
place that would preclude a laparoscopic surgery. The lack of a 
clear demarcation and formation of a dense wall of the abscess 
results in a necessity of a long-time drainage of the cavity and 
unjustified extension of treatment time, which is not advisable 
for old age patients with limited self-care capacity. The data of 
intraoperation revision and histological study of the resected 
organ confirmed our suppositions.

 CONCLUSION
Splenic abscess is a rare pathology; therefore, most 

surgeons have, at best, experience with only isolated cases of 
this condition. The clinical condition of patients with splenic 
abscess is generally quite severe.

These circumstances necessitate the following: first, 
the immediate use of the full available range of additional 
instrumental examinations to establish an accurate topographic 
diagnosis and, second, a rational approach to selecting the 
method of surgical treatment. Modern minimally invasive 
treatment modalities certainly have significant advantages. In 
some cases, however, their benefits are completely offset either 
by increased risk or by an unpredictable duration of patient 
rehabilitation after surgery.  
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