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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
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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.
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AHaToMUYyecKas XdPaKTepUucTuka ﬂaGMpMHTa
U NeTyLWKUHOro rpebHa peweT4yaTon KOCTU YesnioBeKa
B nNepBOM nepuoae 3pesioro Bo3pdcta no AdHHbIM
KOMMNbIOTEPHOU TOMOrpadpumu
H.U. MypTasuHa, E.A. Jlyuaun, M.U1. AHukuH, U.P. Ypawes

drb0Y BO «OpeHbyprckuin rocynapCTBeHHbI MEeAUUNHCKUIA YHUBEPCUTET»
MuH3gpaBa Poccumn (Openbypr, Poccuitickas Pegepauns)

AHHOTaumA

Lenp: naTh aHATOMUYECKYIO XaPAKTEPUCTHKY JIAGUPUHTA U TIETYIIHHOIO
rpebHs peleTyaToi KOCTH YeioBeKa B [IepBOM IIeprojie 3pejioro Bo3pacra
10 JAHHBIM KOMIIBIOTEPHOM TOMOrpaduH.

Marepuan u Meroanl. O6GbEKTOM HCCIIeJOBaHUs MOCTY>XKWIN 60 KOMIbIO-
TEPHBIX TOMOTPAMM dYeperia JIIofiei IepBoro Ieproa 3pejioro Bo3pacTa
(22-35 net — My>uuHBl, 21-35 J1eT — )KeHIIMHbI), 6e3 MaToJIOrMK OKOJIOHO-
COBBIX MA3YyX.

Pesysbrarhl. B mepBom rieproie 3pesioro Bo3pacra nepenHe-3aHui pasmMep
TabUpHUHTA pelieTdaTol KOCTU crpaBa cocraBui 36,39+4,25 MM, ciieBa —
36,04+4,44 mm (npu quanasone 3HadeHuit ot 28,30 mo 46,61 mm). [lepente-
3aIHMI pa3Mep peleTyaToro JabHpHUHTA CIIpaBa 1 ClieBa npeobyiajiai Hajl Bbl-
coto#i B 1,4 pa3a, Hajt IIKPUHO# — B 3 pasa. Bricorta perieryaroro jabupHHTa y
JIUIL >KEHCKOTO I10J1a CIIPaBa M CJieBa cocTaBwia 26,72+3,29 MM u 27,32+3,39 MM

86

COOTBETCTBEHHO U GblIa JOCTOBEPHO OOJIbIIIe JAHHOTO MOKA3aTelIsl Y JIALL MY>K-
CKOTO Toj1a. BbicoTa ¥ HepesiHe-3aiHMiA pa3Mep HeTYIIMHOTO rpeGHs paBHbIL:
13,98+3,76 MM 1 13,39+2,63 MM COOTBETCTBEHHO, B 3 pa3a Ipeobiajjaiay Hajt
ero mypuHoit. B 25% BcTpedanach MHeBMaTU3WPOBaHHAS CPeIHSSl HOCOBast
PaKoBHHa, B 22% — MHEeBMaTU3WPOBAHHbIN NETYIINHBINA Ipe6GeHb.
3akuroueHrne. AHaTOMHYECKasi XapaKTePUCTHKA PelIeT4aTod KOCTH KaK
3JIeMeHTa II0JIOCTH HOCA, OKOJIOHOCOBBIX Ia3yX, BHYTPEHHEro OCHOBAHUS
Jepena, NIa3HUIIbI UMeeT Ba)KHOe 3Ha4eHHe I BbIOopa ONTHMAJIbHOTO XU-
PYPrUYecKoro I0CTYyIa, B YaCTHOCTH IPH SH/I0CKOITNYECKOM 3HJI0HA3aIbHOM
BMelIlaTeJIbCTBe.

KirroueBsle ci1oBa: peliierdarast KOCTb, pellleT4aThli JJAGUPHUHT, KOMIIbIOTEP-
Hasi ToMorpadusi, aHaTOMUSI.

KoHpnuKT MHTEpecoB: He 3asiBJIeH.
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m INTRODUCTION

he 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].

www.innoscience.ru

m 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.

m 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

23

Figure 1. Computer tomogram of the skull, axial projection.
Labyrinth of the ethmoid bone. Gender: male, age: 22 years.

PucyHok 1. KomnblomepHasi moMozpaMMa Yyepena, akcuasbHasi
npoekyusi. JlTabupuHm pewemyamoi kocmu. [1on Myxckod,
Bo3pacm 22 200a.
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Figure 2. Computer tomography of the
skull, coronal projection. Determination of

the height of the ethmoid labyrinth. Gender:

male, age: 33 years.

PucyHok 2. KomnsiomepHast moMmozpamMmma
4yepena, KOPOHapHasi NPOEKyUsi.
OnpeodeneHue BbICOMbI pewemyamozo
nabupuHma. Mon Myxckol, Bo3pacm

Figure 3. Computer tomography of the skull,
coronal projection. Determination of the width
of the ethmoid labyrinth. Gender: male, age:

33 years.

PucyHok 3. KomnsiomepHass momozpamma
4yepena, KOPOHapHas NPOEKyUsi.
OnpeodeneHue WupuHbl pewemyamozo
nabupuHma. Mon Myxckol, Bospacm 33

Figure 4. Computer tomography of the skull,
coronal projection. Pneumatized middle nasal
concha (yellow stars). Gender: male, age:

29 years.

PucyHok 4. KomnstomepHass momozpamma
4yepena, KOpoHapHasi NPOeKyUsi.
[MHeBMamu3upoBaHHbIe cpedHue HOCOoBble
PakoBUHbI (kesimbie 38e3004KU). on

33 eo0a. 200a.

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”.

m 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.
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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

i | v | 5

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 ~ 36.0414.44 35.47+5.00 36.50+3.99

Note:* significant differences at p < 0.05.
MNpumeyaHusi: * — docmoBepHble pasnuyusi npu p <0,05.

Table 1. Dimensions of the labyrinth of the ethmoid bone in humans
in the first period of adulthood, mm

Tabnuua 1. Pa3mepsi nabupuHma pewemyamol kocmu YenoBeka B
nepBOM nepuode 3pesioeo Bo3pacma, MM
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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, %.

PucyHok 5. Yacmoma BcmpedaeMocmu nHeBMamu3sayuu cpedHuUx
HOCOBbIX PAKOBUH Yy JUY NepBo20 nepuoda 3penozo Bo3pacma, %.

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

www.innoscience.ru

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.
lpuMeyaHusi: * — docmoBepHble paznuyus npu p <0,05.

Table 2. Dimensions of the human crista galli in the first period of
adulthood, mm

Tabnuya 2. Pa3mepbl nemywuHo20 2pebHs YenoBeka B NnepBoM
nepuode 3pesio2o Bo3pacma, MM

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%).

m 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. 2=

Figure 6. Computer tomography of the skull, coronal projection.
Pneumatized crista galli. Gender: male, age: 31 years.

PucyHok 6. KomnbiomepHasi momMozpadgus Yepena, KopoHapHasi
npoekyusi. [THeBMamu3supoBaHHbIlU nemywuHbll epebeHs. [on
Myckoll, Bo3pacm 31 200.
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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. Tomilova, 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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CpaBHuUTenbHbIN aHanNuM3 MopdoMeTpU4YecKux
napaMeTpoB CTOMbl U 0OLWMNX aHTPOMNOMETPUYECKUX
XapaKkTepucTuk geteu 6 et c HopManbHOM
M U3bbITOYHOU Maccomn Tena

J1.H. NMetyxoBa, A.B. MaprapsiH, E.A. ToMunosa, A.A. Tkauyk

Prb0Y BO «TioMeHcKuin rocyaapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET»
MuH3gpaBa Poccun (TioMeHb, Poccuiickaa ®enepaums)

AHHOTaums

Ienb: U3y4nTh BIMSHMAE MACChI Tejla Ha JMHAMHKY aHTPOIIOMeTPHUYeCKUX
IoKasaresieil, COMaToTHNna U MOop$oPpyHKIIMOHATIBHOIO COCTOSHUS CTOII Y
neTel 1MecTy JieT.

Marepuan u meronsl. O6cnenoBano 262 pebenka 6 et (123 neBoukw,
139 Manb4MKOB), pa3/iesieHHbIX Ha rpymibl ¢ HopManbHo (HMT) u u3bbi-
toyHor (M3MT) maccoii Tena. [IpoBeseHa aHTpOIIOMeTpHS C pac4eToM HH-
nekcoB (Bepseka, [Tunbe, Bpyriia), kamunepomMeTpust A7t OLIeHKH TOJIIUHEI
KOXXHO->KUPOBBIX ckianok (KXKC) u komnbroTepHas manTorpagust CTOII.
CratucTiuecKui aHanu3 BeinosiHeH B SPSS 26.0.

www.innoscience.ru

Pesynbrarhl. BoisiBienbl crariuctudecky 3HauuMble paszmnuus (p <0,001)
mexny rpynnamu HMT u U3MT 1o BceM aHTpOIIOMEeTpUYeCKUM [TapaMeTpaMm.
PacyerHble MH/IEKCHI TIOKa3aJk IpeobiajilaHue Me30- U 6paXMMOpPGHBIX TIPHU-
3HAKOB Y fereit ¢ UsMT u Goree Kpernkoe TeoCI0XeHHe COOTBETCTBEHHO.
CymmapHaast Tomupmsaa KXKC y nereit ¢ UIsMT 3HauuMo nipeBbiiiaia nokasarena
nereii c HMT (p <0,001). ITmanTorpaduyeckoe UCCIIeioBaHHe 0KA3asIo, YTo y
nereit c HMT ymuionieHue CTOIbI COITPOBOXK/IAETCS YBEIMYEHUEM ee IIUPHHbI B
cpenteM otzene U B obracty rstkd (p <0,01). B rpynme UsMT mvpuza crorist
M3HAYaJIbHO BBIIIIE, a MIPH YIUIONIEHUH 3HAYUTEIbHO YBEJIMYUBAeTCs JUTMHA
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cronsl 6onbine y MamsaukoB (p <0,001). [Tpu stom B rpynme M3MT mupuna B
006JTacTH IIATKY IIPH YIUIOIIEHNH CBOZIA CTAaTHCTHYECKY 3HAUMMO He MeHsTach
(p >0,05), ocraBasick Gosee MMPOKOH Kak B HOPMe, TaK U IPH YIUIOIEHHUH.

BriBonbl. Pe3ynbraTel HCClIe[OBAaHUS [TOATBEPXK/JAIOT CUCTEMHOE BIIHSHHE
M30BITOYHON MacChl Tejla Ha aHTPOIIOMEeTpUYEeCKUe [T0Ka3aTelld, COMATOTHII
1 MopbodYHKIMOHATILHOE COCTOSIHUE CTOII Y JieTel mmecTH JieT. Hamdaue

BbIpa’KeHHOM IJIaHTApHOM >kupoBoM noxymku y aereit ¢ U3MT nckakaet
I1aHTorpaduuecKyto KapTuHy, cosziaBas «3gpdeKkT MaCKUPOBKU» U Tpebys
nuddepeHIMPOBaHHOTO MOAX0/A K JUarHOCTHKe.

KirroueBrble cjI0Ba: aHTPOIIOMETPHS, IUIaHTOrpadus, KaJUIepoMeTpHsl, eTh
6 Jtet, M36BITOYHAS Macca Tejla, MHAEKC MaCChl Tesla, MOPQOJIOTHSI CTOIIBL.
KoH}auKT HHTEpecoB: He 3asBileH.

[na uMTUpOBaHUSA:

MetyxoBa J1.H., MaprapsH A.B., Tomunosa E.A., Tkauyk A.A. CpaBHUTENbHbIN
aHanus MmopcgoMeTpryecKkMx NapaMeTpoB CTOMbI U 0GLMUX aHTPONOMETPUYECKUX
XapaKTepucCTUK AeTeit 6 neT c HOpManbHOM U U3GbLITOYHOW Maccoi Tena. Hayka u
uHHoBayuu B MeduyuHe. 2026;11(2):91-97. DOI: https://doi.org/10.35693/SIM702030
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m 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].
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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.

m 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-1I
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 /BH? x 100.

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

www.innoscience.ru


http://www.innoscience.ru
https://orcid.org/0009-0000-2525-0098
mailto:lydmila.petuhova2312@yandex.ru
https://orcid.org/0000-0003-3497-8157
mailto:vanic13@mail.ru
https://orcid.org/0000-0003-1101-7628
mailto:tomilovaea@mail.ru
https://orcid.org/0000-0003-1612-2048
mailto:ponchik117@mail.ru

Science & Innovations in Medicine

Vol.11 (2

) 2026 HUMAN ANATOMY

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 x 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) x 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.

m 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/m?, while in the
EBW group this value was statistically significantly higher:
18.0 (17.4; 18.4) kg/m? (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

"~ puametergops | vawes | Sex | Nowpow(-isn | EoWgroupd | puae

Body height (cm)
Anthropometric values Body weight (kg)
CC (cm)
Verweck (rel. units)
Pignet
Calculated indices

Brugsch (rel. units)

BMI, kg/m?

O OW OW O OW O® O

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).

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

118.7 (116.3; 122.1)
1182 (116.1; 119.3) <0.001

21.3(19.2; 24.3)

25.2 (24.3; 27.30)

< 0.001

2112 (193: 23.3) 25.3 (24.4; 26.3)

58.5 (56.5; 61.5) 61.3 (58.3; 63.3) <0001
57.3 (56.3: 59.3) 59.0 (58.0 61.0) :
1.17 (1.15;1.19) 1.08 (1.06;1.10)

1,18 (1.16:1.19) 1,08 (1.06:1.10) <0.001
38.1 (32.6; 43.5) 32.4.(29.2; 36.3) <0001
37,6 (35.2: 41.6) 33.2 (3.3 35.30 :
49.6 (47.0;53.3) 52.0 (48.8; 54.80) <0001
50.0 (48.1'52.1) 51.0 (49.0; 53.0) :
15.8 (14.3; 16.8) 18.0 (17.4; 18.4) < 0.001
15.7 (14.1: 16.7) 1811 (17.9: 18.6) :

MNpumeyaHusi: UMT — uHdekc Maccel mena, HMT — HopMmanbHas Macca mena, UsMT — usbeimoyHas Macca mena, OK — okpy)kHocmb 2pydHOU Kiemku.

Pa3anuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexoy epynnamu (HMT u UsMT).

Table 1. Comparative anthropometric parameters and indices of physical development in 6-year-old children across different body weights,

Me (Q1; Q3)

Tabnuua 1. CpaBHUMenbHas xapakmepucmuka aHmponoMempu4eckux nokasamerell u UHOeKcoB ¢pusudeckozo passumusi demedl 6 nem c

pasnu4yHol maccol mena, Me (Q1; Q3)
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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).
MpumeyaHusi: HMT — HopmanbHasi macca mena, 3MT — usbbimoyHas macca

mena. Pasznuyus 3Ha4yumsl (p <0,05) npu cpaBHeHUU Mexdy epynnamu (HMT
u MsMT).

Table 2. Total skinfold thickness (mm) in 6-year-old children based
on caliperometry data, Me (Q1; Q3)

Tabnuya 2. CyMMapHble nokazamesu mosiuuHbl KOKHO-KUPOBbIX
cknadok (MM) y 0emell 6 lem no daHHbIM KanunepoMempuu, Me

(Q1;Q3)

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

Foot length g

Anthropometric values (mm) Foot width (midfoot) 2
. B

Foot width (heel) G

Chizhin 8

Calculated indices B
Shtriter, % G

197.4 (195.8; 199.2) 199.7 (197.7; 201.8)

197.0 (194.8' 199.2) 198.9 (193.8: 203.9) <0.0010.060
52.7 (52.2; 53.2) 64.5 (63.3; 66.1)
52.3 (49.2: 55.2) 64.3 (60.6- 66.8) 0.003<0.001
47.2 (45.8; 49.1) 48.2 (46.2; 50.2)
46.2 (45.8: 48.2) 471 (45.1: 49.8) <0:0010:025
0.84 (0.77; 0.91) 1.53 (1.47; 1.61) <0.001
0.84 (0.72' 0.99) 1,54 (122" 1.82) :
45.4 (44.7; 46.1) 54.0 (51.6; 59.2) <0.001
45.8 (432 48.2) 53.8 (53.2° 54.3) :

Notes: NF — normal foot, FF — flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
MpumeyaHusi: HC — HopmaneHas cmona, YC — ynnoweHHasi cmona. Paznuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexdy epynnamu (HC u YC).

Table 3. Morphometric parameters of the foot in 6-year-old children with normal body weight, depending on the condition of the longitudinal

arc, Me (Q1; Q3)

Tabnuua 3. Mopcpomempuyeckue napamempsi cmonkl y demel 6 iem ¢ HopMasnbHol Maccol mena B 3aBUCUMOCMU OM COCMOSIHUS

npodosnbHozo ceoda, Me (Q1; Q3)
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Foot length g
Anthropometric values (mm) Foot width (midfoot) g
. B
Foot width (heel) G
Chizhin s

Calculated indices
Shtriter, % g

199.3 (197.3; 200.3) 202.5 (200.5; 204.5)

198.8 (195.7: 199.8) 200.5 (197.4: 206.1) <0.0010.028
59.7 (58.3; 62.6) 68.4 (67.3; 70.1) <0.001
59.4 (57.4- 62.2) 68.7 (65.5: 70.6) :

49.2 (47.2; 51.2) 50.5 (47.0; 52.1)

48.8 (46.6: 50.3) 49.2 (47.2: 51.6) 0.2080.368
0.96 (0.91; 0.99) 1.88(1.82; 1.92) <0.001
0.94 (0.88 0.98) 1.85 (172" 1.92) :

48.8 (45.9; 50.0) 58.2 (57.2; 60.0) <0.001

46.2 (45.2' 49.9) 58.0 (55.6: 59.9)

Notes: NF — normal foot, FF — flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
MNpumeyaHusi: HC — HopmanbHasi cmona, YC — ynnoweHHas cmona. Paznuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexdy gpynnamu (HC u YC).

Table 4. Morphometric parameters of the foot in overweight children aged 6 years, depending on the condition of the longitudinal arch, Me

(Q1; Q3)

Tabnuuya 4. Mopcpomempuyeckue napamempsi cmonsl y demell 6 nem ¢ u3bbimoyHoli Maccoll mena B 3aBUCUMOCMU OM COCMOSIHUS

npodosibHO20 cBoda, Me (Q1; Q3)

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).

m 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

www.innoscience.ru

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/m?), 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
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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.

m 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. »=

ADDITIONAL INFORMATION

JOIIOJIHUTEJIBHASI TH®OPMAIIV A

Ethical review. The study was approved by the Ethics Committee of Tyumen State
Medical University and conducted under approved protocol No. 127 dated March 4, 2025.

Dmuueckas JKcnepmusa. HCCHEZ{OBBHHE TIOATBEPXX/1eHO pellleHrueM KOMHUTeTa I10
3THKe IpU TIOMEHCKOM roCylapCTBeHHOM MeMIIMHCKOM YHHBEPCHUTeTe, BBIOJTHEHO B
paMKax yTBepxieHHoro nporokosna Nel127 or 04.03.2025 .

Informed consent. All legal guardians (parents) signed voluntary informed consent
for the children’s participation in the study.

Hugopmupobannoe coenacue. Bce 3akoHHbIE TIPeJICTABUTENH (POIUTENH) MOIIIH-
canu Jo6poBoJIbHOe MHPOPMUPOBAHHOE COIVIaCHe Ha y4acTHe JieTell B MCCIIelOBaHUH.

Study funding. The study was the authors’ initiative without external funding.

Hcmounuk gunancupobanus. PaboTa BHIIONHEHA [0 HHAIIMATHBE aBTOPOB Ge3
TpUBJIeYeHHs] PUHAHCHPOBAHHSL.

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

Kongnuxm unmepecoB. ABTOpEI 1eKJTapUPYIOT OTCYTCTBUE SIBHBIX M OTEHIIHAIIb-
HBIX KOH(IIMKTOB HHTEPEeCOB, CBSI3aHHBIX C COflep)KaHueM HaCTOsIIeH CTaTbH.

Contribution of individual authors. Petukhova L.N.: study concept, writing of the
text. Margaryan A.V., Tomilova E.A.: study concept and design, editing of the article.
Tkachuk A.A.: collection, processing and analysis of material.

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.

Yuacmue a6mopo8. Ileryxosa JI.H.: koHIeIIust NCCIIeIOBaHusI, HAlTUCAHHe TeKCTa.
Maprapsia A.B., Tomunosa E.A.: koHIlennus v AM3aiiH UCClIe0BaHus, peJJaKTHPOBaHUe
crarbu. Tkauyk A.A.: cbop, o6paboTka 1 aHaIM3 MaTepyaa.

Bce aBrope! omo6punu GuHANIBHYIO BEPCHIO CTaThU Nepel MyOJIMKanyei, Beipa-
3UJIM COTTIacCHe HeCTH OTBETCTBEHHOCTh 3a BCe acleKThl paboThl, MO/Ipa3yMeBaroIyI0
HaJyiexkalliee U3y4eHHe 1 pellleHre BOIIPOCOB, CBA3aHHBIX C TOYHOCTBIO WX JJ06pPOCO-
BECTHOCTBIO JTF060¥ 4acTH paboThI.

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

OpuzunansHocmb. TIpy cO3TaHUU HacTosIIel paboThl aBTOPBI He UCIIONIb30BAIK
PpaHee o11y6IMKOBaHHBIE CBefieHus! (TeKCT, WUTIOCTPAIUY, IaHHbIe).

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

Jocmyn k 0aHHbLM. PelakIMOHHAs MOJIMTHKA B OTHOIEHUH COBMECTHOTO UCTIONb-
30BaHMs [IAHHBIX K HACTOsIIel paboTe He IIPUMeHUMa.

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

TI'enep BHbii UCKYCC nexkm. I1py co3nanmu HacTosIeH cTaTbu

TEXHOJIOTMU TeHEePaTUBHOTO UCKYCCTBEHHOI'O MHTEJIJIeKTa He UCII0JIb30BaJIN.

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

Pacc p u peueH3upob Hacrosmas pabota 1ojiasa B )XypHai B MHU-
IIMaTHBHOM IIOPsIZIKe M PAaCCMOTPEHa 110 0OBIYHOIA IIpolieype. B peneH3upoBaHuy yva-

CTBOBAJIH 2 BHEITHUX perieH3eHTa.

REFERENCES / JIMTEPATYPA

1. Gritsinskaya VL, Novikova VP, Khavkin Al. Epidemiology of obesity
in children and adolescents (systematic review and meta-analysis of
publications over a 15-year period). Clinical Practice in Pediatrics.
2022;17(2):126-135. [I'pununckas B.JI., HoBukosa B.II., XaBkuH
A.H. K Borpocy 06 3nu1eMHOIOruy OXKUPEHHs Y AeTell ¥ HOIPOCTKOB
(cucremarnyeckuit 0630p W MeTa-aHaJIW3 HAYYHBIX MyOIMKAIMK 3a
15-nernmii nepron). Bonpocwt npakmuueckoti neduampuu. 2022;17(2):126-
135]. DOI: 10.20953/1817-7646-2022-2-126-135

2. Martinchik AN, Laikam KE, Kozyreva NA, et al. Prevalence
of overweight and obesity in children. Problems of Nutrition.
2022;91(3):64-72. [Maprunuuk A.H., Jlaiikam K.3., Ko3bipesa
H.A., u np. PacnpocTpaHeHHOCTh U3OBITOYHON MaccChl Tejla U
oxupeHus y meteii. Bonpocwvt numanus. 2022;91(3):64-72].
DOI: 10.33029/0042-8833-2022-91-3-64-72

3. Alferova VI, Mustafina SV. Long-term dynamics of the prevalence of
childhood and adolescent obesity in Russia and the world. Obesity and
metabolism. 2025;22(3):255-262. [Andéposa JI.U., Mycraduna C.B.
MHoroseTHss MHAMKKa PaclipOCTPaHEHHOCTH AETCKOTO U IOIPOCTKOBOTO

96

www.innoscience.ru


http://www.innoscience.ru
https://doi.org/10.20953/1817-7646-2022-2-126-135
https://doi.org/10.33029/0042-8833-2022-91-3-64-72

Science & Innovations in Medicine

Vol.11 (2) 2026

HUMAN ANATOMY

oxupenus B Poccun u mupe. OdicupeHue u memabonusm. 2025;22(3):255-
262]. DOI: 10.14341/0omet13200

4. Mirgorodskaya OV, Golubev NA, Ogryzko EV, Shelepova EA. Morbidity
of obesity in children aged 0-17 years in the Russian Federation in the
period 2018-2023. Current problems of health care and medical statistics.
2024(3):236-251. [Mupropogackas O.B., I'ony6es H.A., Orprisko E.B.,
[lenenoga E.A. 3a6oneBaeMocTh oxupeHHeM y aeteit B Bo3pacre 0-17 et
B Poccuiickoit ®eneparmu B iepuon ¢ 2018 o 2023 ron. CobpemeHHble
npobnembt 30pabooxpareHust u meduyuHckoii cmamucmuku. 2024(3):236-
251]. DOL: 10.24412/2312-2935-2024-3-236-251

5. Shikaleva AA, Shulaev AV, Titova SA, et al. Metabolic syndrome and
obesity in children as a social and hygienic issue. Russian Bulletin of
Hygiene. 2022;4:10-13. [IIukanesa A.A., lllynaes A.B., Turosa C.A.,
U 1p. Merabonudeckuii CHHIPOM M OXXHpPEeHHe Y JieTel KaK COIMalIbHO-
rurueHndeckas npobnemMa. Poccutickuti 6ecmHuk 2ueuerbl. 2022;4:10-13].
DOI: 10.24075/rbh.2022.059

6. Bokova TA, Shishulina EE, Bevz AS, Kartashova DA. Comparative
analysis concerning the prevalence of childhood obesity in the Moscow
region. Russian Journal of Woman and Child Health. 2024;7(1):51-
57. [Bokosa T.A., Hlumynuna E.E., Bes3 A.C., Kapramogsa [I.A.
CpaBHUTeIbHBIM aHanu3 3abojieBaeMOCTH OXHPEHHEeM JeTel,
npoxuBammux B MockoBckoit obmactu. PMK. Mame u dums.
2024;7(1):51-57]. DOIL: 10.32364/2618-8430-2024-7-1-8

7. Ciezki S, Odyjewska E, Bossowski A, Glowinska-Olszewska B.
Not Only Metabolic Complications of Childhood Obesity. Nutrients.
2024;16(4):539. DOI: 10.3390/nu16040539

8. Escalona-Marfil C, Prats-Puig A, Ortas-Deunosajut X, et al.
Children’s foot parameters and basic anthropometry - do arch height
and midfoot width change? Eur J Pediatr. 2023;182(2):777-784.
DOI: 10.1007/s00431-022-04715-1

9. Zhulikov AL, Malanin DA, Demeshchenko MV, et al. Prevalence
of flatfoot valgus deformity in children of the Volgograd region.
Journal of the Volgograd State Medical University. 2022;19(3):108-
114. [’KynukoB A.JI., Manauuun [I.A., lememenko M.B., u np.
PacnpocTpaHeHHOCTD IIOCKO-BaJIbTYCHOUN JedopMaluu CTOI

y nerteil B Bosrorpaackod ob6mactu. BecmHuk Boazoepadckozo
20cydapcmbBenHo20 MeduyuHckoz2o yHubepcumema. 2022;19(3):108-114.
DOI: 10.19163/1994-9480-2022-19-3-108-114

10. Jandova S. Flat feet occurrence among young school-age children
and its association with body mass index values. Homo. 2024;75(1):1-7.
DOI: 10.1127/homo/2024/1754

11. Sapogovskiy AV, Ovechkina AV, Abramov IA, et al. Footprint
analysis in flatfoot assessment. Pediatric Traumatology, Orthopaedics
and Reconstructive Surgery. 2023;11(1):67-74. [CanoroBckuit
A.B., OBeukuna A.B., A6pamos U.A., u ap. Ilnantorpadus B
JMarHOCTHKe IUIOCKocTonus y mereit. Opmonedus, mpaBmamonoaus
u 6occmanoBumenvHas xupypaus demckozo 6o3pacma. 2023;11(1):67-74].
DOI: 10.17816/PTORS121335

12. Tsiros MD, Vincent HK, Getchell N, Shultz SP. Helping
Children with Obesity “Move Well” To Move More: An Applied
Clinical Review. Curr Sports Med Rep. 2021;20(7):374-383.
DOI: 10.1249/JSR.0000000000000861

13. Yan S, Zhao Y, Zhang L, Yang L. Arch-related alteration in foot
loading patterns affected by the increasing extent of body mass index
in children: A follow-up study. Gait Posture. 2023;100:247-253.
DOI: 10.1016/j.gaitpost.2022.12.019

14. Kopaczyniska A, Bober A, Puk A, Chwalczyriska A. Evaluation of
Foot Structure in Preschool Children Based on Body Mass. Med Sci Monit.
2024;30:e943765. DOI: 10.12659/MSM.943765

15. Propaedeutics of Pediatric Diseases. Eds. Kildiyarova R.R., Makarova
V.I. M., 2022. (In Russ.). [IIponeneBTrka nerckux 6Gomne3neit. [lox pen.
P.P. KunbausipoBoii, B.W. Makaposoii. M., 2022].

16. Dzhuraev DR, Sergeev KS, Zubik GV, Orlov SA. Variants of flat feet
in children of preschool and primary school age. University Medicine of
the Urals. 2024;10(3):8-10. (In Russ.). [[I>xxypaes [I.P., Ceprees K.C.,
3y6uk I'.B., Opnos C.A. BapuaHTbI INIOCKOCTONNS y JieTei JOMIKOJIBHOTO
Y MJIQZILIETro IIKOJILHOTO Bo3pacTa. YHubepcumemckas meduyuHa Ypand.
2024;10(3):8-10]. EDN: SCJTPP

www.innoscience.ru

97


http://www.innoscience.ru
https://doi.org/10.14341/omet13200
https://doi.org/10.24412/2312-2935-2024-3-236-251
https://doi.org/10.24075/rbh.2022.059
https://doi.org/10.32364/2618-8430-2024-7-1-8
https://doi.org/10.3390/nu16040539
https://doi.org/10.1007/s00431-022-04715-1
https://doi.org/10.19163/1994-9480-2022-19-3-108-114
https://doi.org/10.1127/homo/2024/1754
https://doi.org/10.17816/PTORS121335
https://doi.org/10.1249/JSR.0000000000000861
https://doi.org/10.1016/j.gaitpost.2022.12.019
https://doi.org/10.12659/msm.943765
https://www.elibrary.ru/scjtpp

AHATOMWA YENOBEKA

Tom 11 (2) 2026

Hayka u UHHOBauUuK B MeauLuHe

Review | Hay4Hblit 0630p
DOI: https://doi.org/10.35693/SIM701831

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

Functional morphology of the sphincter
apparatus of the rectum

Galina N. Suvorova, Sergei N. Chemidronov, Antonina S. Pronina,
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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dyHKUMOHaNnbHaa Mopdonorus
cchMHKTEpHOro annapara NPsiMOM KULLKK

I.H. CyBopoga, C.H. YemugpoHos, A.C. lNMpoHuHa, H0.B. NpuropbeBa, IA. CeBproruHa

®rbOY BO «Camapckuin rocyaapCTBEHHbIN MeAUUMHCKUA YHUBEPCUTET?
MuHsgpasa Poccun (Camapa, Poccuitckas ®enepaums)

AHHOTauuA

JIncdyHKIMY Ta30BOTO IHA B ITOCIIeIHee BpeMsl SIBJISIFOTCSI OJHOM U3 Hauboree
PpacrpocTpaHeHHBIX IpobneM. K TUITMYHBIM KIIMHUYIeCKUM ITPOSIBIIEHUSIM Ta-
30BOM AUCHYHKIIUU OTHOCATCS HeflepkaHue MOYU U KaJla, IIPOJIaIiC Ta30BbIX
opraHoB. OCHOBHYIO POJIb B 3THX PUCKAX UIPaeT MbIIeTHO-(hacHHaibHast 0C-
HOBa Ta30B0ro JiHa. [Ip13HaHHBIMU OTeHIUAIbLHBIMU PaKTOPaMH BO3HUKHO-
BeHMs Ta30BOM NUCHYHKINU SBJISIIOTCS BO3PACT YeJloBeKa, 0)KUPeHUe, POfIbL.
I[TpoBenenHbIit aHanu3 6osee 50 HCTOYHUKOB JIUTEPATYPHI TIOKA3bIBAEeT 3Ha-
YUMOCTb MBIIIEYHOI'0, CJIM3UCTOIO, MOACIU3UCTOTO U COCYAUCTO-HEPBHBIX

KOMIIOHEHTOB NPSIMO# KUIIKH /TS BHITOIHEHUs COUHKTePHOH QYHKIMH. JTH
3HaHMS NI03BOJIAT KJIMHUIIUCTaM BBINIOJIHATb JUAarHOCTHYECKUe U JiedeOHble
IpoLeypbl C MUHUMAaJIbHBIMU HeTaTUBHBIMMU ISl ITAI[eHTa O C/Ie[JICTBUAMU,
YUYHUTBIBast MOPPOPYHKIMOHAIBHEIE 0COOEHHOCTH KKIOT0 M3 KOMIIapTMeH-
TOB COUHKTEPHOTO arnmapara.

KirroueBsle ciioBa: Hapy>kKHbIH aHa/IbHbIM COUHKTED, BHYTPEHHUM aHAIbHBIN
chUHKTep, MBIIIIIA, IOAHUMAIOIIast 3aIHUH IIPOXO]], MBIILIEYHOe BOJIOKHO.
KoH}auKT HHTEpecoB: He 3asBJleH.

[ns uMTUpOBaHUS:

Cysopoga IH., Yemugporos C.H., MpoxuHa A.C., Fpuropsesa t0.B., CesptoruHa IA.
®dyHKUMOHanbHasa Mmopdonorus cMHKTEPHOro annapara NPAMOW KULLKKU. Hayka u
uHHoBayuu B MeduyuHe. 2026;11(2):98-104. DOI: https://doi.org/10.35693/SIM701831

CBefieHust 06 aBTOpax

CyBopogBa IH. — g-p 6uon. Hayk, npocbeccop, 3aBeaytoLias
Kadhepoit rMCTONOTMM 1 AMBPUONOTUN.

ORCID: https://orcid.org/0000-0002-0462-1344

E-mail: g.n.suvorova@samsmu.ru

*YemugpoHos Cepreit Hukonaesuy — o-p Meq. Hayk, AOLIEHT,
3aBefyloLWwmii kacbeppoit aHaToMKUKM YenoBseka.

ORCID: https://orcid.org/0000-0002-9843-1065

E-mail: s.n.chemidronov@samsmu.r

98

MponuHa A.C. — cTapuii npenoaasatenb kadeapbl TMCTONOMMKU 1 3MEPMONOrUn.
ORCID: https://orcid.org/0000-0003-4143-5628

E-mail: a.s.pronina@samsmu.ru

puropbesa H0.B. — o-p Men. Hayk, npoceccop kadeapbl rMCTON0MMM 1 3MBPUONOTUN.
ORCID: https://orcid.org/0000-0002-7228-1003

E-mail: yu.v.grigoreva@samsmu.ru

CesptoruHa A. — kaH. Me[ HayK, AOLEHT Kacdeapbl aHaTOMUK HenoBeka.

ORCID: https://orcid.org/0009-0000-8954-4618

E-mail: g.a.sevryugina@samsmu.ru

*ABmop Ons nepenucku

Monyyeno: 25.01.2026
Opo6peHo: 25.02.2026
Ony6nukoBaHo: 21.03.2026

www.innoscience.ru


http://www.innoscience.ru
https://doi.org/10.35693/SIM701831
https://orcid.org/0000-0002-0462-1344
mailto:g.n.suvorova@samsmu.ru
https://orcid.org/0000-0002-9843-1065
https://orcid.org/0000-0003-4143-5628
mailto:a.s.pronina@samsmu.ru
https://orcid.org/0000-0002-7228-1003
mailto:yu.v.grigoreva@samsmu.ru
https://orcid.org/0009-0000-8954-4618
mailto:g.a.sevryugina@samsmu.ru
https://orcid.org/0000-0002-0462-1344
mailto:g.n.suvorova@samsmu.ru
https://orcid.org/0000-0002-9843-1065
mailto:s.n.chemidronov@samsmu.ru
https://orcid.org/0000-0003-4143-5628
mailto:a.s.pronina@samsmu.ru
https://orcid.org/0000-0002-7228-1003
mailto:yu.v.grigoreva@samsmu.ru
https://orcid.org/0009-0000-8954-4618
mailto:g.a.sevryugina@samsmu.ru
https://creativecommons.org/licenses/by/4.0/

Science & Innovations in Medicine

m INTRODUCTION

he 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.

m 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
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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 um. 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
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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. x6000 magnification
(photo by A.S. Pronina, 2025).

PucyHok 1. Ynbmpacmpykmypa ¢pazMeHma a2nadkozo muoyuma
BHympeHHe20 ccpuHkmepa npsiMoll KUWKU: 1 — 90po; 2 — S0pbIWKO;
3 — MumoxoHOpuu; 4 — decMocoma. TOM. YeenuyeHue x6000
(¢pomo A.C. lNpoHuHol, 2025).
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Figure 2. Fragment of a muscle fiber of striated muscle tissue of
the external sphincter of the rectum. Control group. TEM. x5000
magnification (photo by G.N. Suvorova).

PucyHok 2. ®pazMmeHm MblWEYHO20 BOJIOKHA
nonepeyHononocamotl MblleYHOl mKaHU Hapy»Ho20 c¢puHKkmepa
npsiMol kKuwku. KonmponbeHas epynna. TOM. YeenuyeHue x5000
(¢pomo I".H. CysopoBoli).

(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
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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.
x10000 magnification (photo by S.N. Chemidronov).

PucyHok 3. ®dpazMeHm MbIWe4HO020 BOOKHA MbIWUYbI,
nodHumMarowell 3adHull npoxod: A — s0po Muocumniacma, b —
mMuogubpunnel, B — ckonneHue MumoxoHOpul BOKpyz siopa u nod
capkonemmoll. YeenudyeHue x10 000 (¢pomo C.H. YemudpoHoga).

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].
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Figure 4. Fragment of a muscle fiber of the levator ani muscle: A —
mitochondria located between myofibrils, B — lipid droplet. x10000
magnification (photo by S.N. Chemidronov).

PucyHok 4. ®pazMeHm MbIle4HO020 BOOKHA MbIWUbI,
nooHumarowell 3a0Hull npoxod.: A — MUmMoxoHOpuUU,
pacnonioxeHHble Mexoy Muogubpunnamu, b — nunuoHas kanns.
YBenuyeHue x10 000 (¢pomo C.H. YemudpoHoBa).
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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.

m 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. #=
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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.
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MopdomMeTpuueckue napaMeTpbl NOAXKENYA04YHOMN
Xene3bl AeTen U NOAPOCTKOB NO AaHHbIM
NPWXW3HEHHON BU3yanusauumu

C.B. YemMmesoB, C.H. JlaweHko, A.C. Jlo3nHcKkuin

Pre0Y BO «OpeHbyprckmin rocynapCTBEHHbIA MEAMLMHCKUIA YHUBEPCUTET»
MuH3zgpaa Poccun (OpeHbypr, Poccuitckas Pepepauns)

AHHOTaums

Lenb: yCTaHOBUTH BO3PACTHBIE ¥ MOJIOBbIE 3aKOHOMEPHOCTH MOPhOMeTprde-
CKMX MTApaMeTPOB MOKeITyI0YHOM JKeJie3bl JIETei U OIPOCTKOB 10 JAHHBIM
MPMKU3HEHHOW BU3YaJTU3aIVH.

Marepuai u Meronbl. [IpoaHaTM3MPOBAHBI KOMITBIOTEPHBIE TOMOTPAMMBI
xuBOTa 88 eTeit v MOAPOCTKOB Ge3 BUANMON MAaTOJIOTHH CO CTOPOHBI Op-
raHoB 6promHo# monocTr. O6CIe[0BaHHbIE pa3/ieieHbl Ha 4 BO3paCTHBIE
TPYMIIBL: TepHObl PAHHEro, IIePBOTO W BTOPOTO JIETCTBA, MOAPOCTKOBLIM
nepuoz. MccienoBanue BHIMOMHEHO Ha 16-Cpe30BbIX KOMITBIOTEPHBIX TO-
Morpadax C ompesielieHHeM JITHHbI, TOIIIUHbI, BHICOTH ¥ 06beMa rOJIOBKH,
Tejla ¥ XBOCTA MOJIKeTYOTHOM KeJie3bl. [1oyvueHHbie JaHHbIe TIOBep-
THYTBI 06paboTKe C UCIOIb30BaHKe CTaHJAPTHBIX METO/IOB BAPUAITMOHHOM
CTaTUCTHUKU.

Pesynbrarhl. YCTaHOBJIEHO, YTO CPEM BCEX 0OCIIEIOBAaHHBIX HAMOOIBIITYIO
IUIMHY VIMEJIO TeJIO TOJIXKeyI0YHOM Xene3sbl 4,22 (3,74; 4,89) cM, miuHa
TOJIOBKY cocTaBwia 3,14 (2,76; 3,79) cm, a aimuna xBocra — 2,87 (2,60; 3,36)
cM. TonimyHa TONIOBKH, Tejla ¥ XBOCTa COCTaBUjIa COOTBeTCTBeHHo 2,14 (1,90;

www.innoscience.ru

2,44) cm, 1,99 (1,825 2,29) cm u 1,59 (1,36; 1,80) cm, a Beicota — 3,72 (3,24;
4,20) cm, 2,34 (1,96; 2,78) cmu 1,91 (1,74; 2,25) cm. Onpesenena Bo3pacTHast
JIMHAMHKA CTATUCTAYECKH 3HAYMMOTO YBEJIMYEHHS JUTHHBI, TOJIIWHbI, BHICOTBI
¥ 06beMa KaXKJI0T0 U3 OT/IEIIOB MOPKeTYOYHOM JKele3bl OT PAHHErO IETCKOTO
JI0 TIOZIPOCTKOBOTO BO3pacTa. CTaTHCTHYeCKH 3HAYMMBIX TTOJIOBBIX PA3JTAIHIA
MEX]Ty TIOKA3aTeIsIMHU IeBOYEK ¥ MaJILIMKOB OJIHOM BO3PACTHOW TPYIIIBI He
YCTAHOBJIEHO HU TI0 OIHOMY TTapaMeTpy.

3axmouenue. C MOMOIIBIO METO]d KOMITBIOTEPHOM TOMOTPabUH MOy YeHbI
JIAHHBIE TI0 MPHKU3HEHHOM MOPGOMETPHH MTOKEITYI0IHOM JKee3bl IeTei 1
mopoCcTKOB. [TomyueHHbIe CBe/IeHVs TIO3BOJISAT PACIIMPUTD IPEJICTABIICHHE O
MPIKA3HeHHOW aHATOMUM TTOKETYIOYHO#M JKeJie3bl B BO3PACTHOM H ITOJIOBOM
aCIleKTax U MOTYT OBbITh WCIIOIb30BAHbI MDY TUIAHUPOBAHKK OMEPATHBHBIX
BMeIaTeIbCTB Ha MOKeITyI0HOM JKese3e.

KirroueBble CiI0Ba: MOKeNTyIOYHAS JKeJie3a, KOMIIbIOTepHas ToMorpadus,
JIeTH, TIOIPOCTKH.

KonduukT HHTEPeCoB: He 3asBIeH.
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m 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.

m AIM

To determine age and gender patterns of morphometric
parameters of the pancreas of children and adolescents
based on intravital imaging data.

m 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 21

total

1 (early childhood) 1to 2 years boys
girls
total

2 (middle childhood) 3to 7 years boys
girls

81012 b . total

3 (late childhood) S 12 oears ((gi?ﬁlss))' boys
girls
total

13 to 16 years (boys);

4 (adolescence) 12 to 15 years (girls) Zi??,ss

total
Total boys
girls

Table 1. Distribution of subjects by age groups and subgroups

23.9
2 8 9.1
5] 13 14.8
4 23 26.1
5 10 11.4
6 13 14.8
7 21 23.9
8 12 13.6
9 9 10.2
10 23 26.1
11 12 13.6
12 11 125
= 88 100
- 42 47.7
- 46 52.3

Tabnuua 1. PacnpedeneHue uccnedyembix N0 BO3pacmHbIM gpynnam u nodzpynnam
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V=0.523abc,
where a is the length, b — thickness, ¢ — 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,

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).

PucyHok 1. Cxema usmMepeHuil Mopghomempudeckux napamempos
nodxenyoo4Hol xenesbl: A — cxema uaMepeHus OflUHbI (a)

u monwuHsl (b) 2onoBku, B — cxema u3mepeHusi OnuHsbl (a)

u monwuHsbl (b) mena, C — cxema usmepeHusi 0/1UHbI (a)

u monwuHsl (b) xsocma, D — cxema u3mepeHusi BbIcOmMbl

20/10BKU (c), E — cxema usmepeHus Bbicombl mena (c),

the arithmetic mean and standard deviation (M + ¢) were
F — cxema uamepeHusi Bbicombl xBocma (c).

calculated.
Subgroup | Mesd | Body Tail

Length | Thickness | Height [ Length | Thickness [ Height [ Length | Thickness [ Height |

a1 28w o gh R 08
(23128270 (18020570 (23232000 JBIZ N 1% @52301p0 (L18T1S6R (1271995

ol e . 246 (i%g' 238 269 (i'gg, 1.65 255 128 1.40
ss204pan  OSN, 202000 (23523pm (0%, (1421740 (246,289 (LOLLSBRM  (L0%i179)

8 3 272 192 2.80 é'gg. d'ég. (11'%% 2,65 1.30 .
(225:278p (L8521 (238:326pen  (BN%, e A Gopers  @5430Lp2 (L16;158pez (1421990

_— 4 2.76 1.97 353 é'%_ (}-23_ é'gg. 66 1.57 182
(259:28670 (180;213p0 (3an;3gspe O Ao o (243284p0  (L4TILTS) (172120000

| = 271 (i%' 3.47 (3'873(5)- 1.87 2.16 266 151 178
esoizgepen 0N, @essesr OB (eslezen (es23eps (352820 (L25159F  (L72181)

8 6 2.76 201 3.56 (g'gg_ 1.96 234 269 1.70 185
(eL293pe (1802232 (ar:3sepn GO, (Lew208p:  @15250F (24831497 (LSLLSEF  (173:244)

Total ; 344 229 387 4.68 2.08 253 287 1.68 203
ota (3113571410 (1.92;2.33)10 (361 427)1410 (4.22:5.02)14 (L96; 2201 (234 207)4 (263 3.25)0  (L47-1.80) (L84 2.30)!

e . 3.25 222 3.83 (3.59; 4.40 2.04 249 283 1.62 1.90
(3.25, 3.65p51  (1.93; 2,485 4.13) (429,526  (L.87:226) (229;2.84p5 (262 3250  (L37;1.83) (183 2.11)

8 9 347 229 3.89 (3.61; 478 221 2.76 3.16 171 2.24
(3.06; 3.50512  (1.89; 2.33)2 4.38)° (419;489P5 (1962347 (237:300) (2.87:3.25y2 (158 180F  (L.90: 2.34)°

- m 406 2.49 420 484 243 2.78 345 1.74 212
(3.84; 433147 (2.26;2.62)47 (3.92; 4.68)147 (4575801 (2.01;268)¢ (217;3.07)1¢ (3.15 414047 (1431850 (L83 2.52)1

N n 403 245 420 4.69 228 271 344 1.65 202

(3.95; 4.24258  (2.32;2.65)2°5  (3.80; 486725 (4575615 (2.00; 26785 (2.20:3.07f (29137758 (125:18l¢  (1.55; 2.24)
B 12 4.09 2,50 4.28 493 2.44 2.87 3.83 1.78 2.45
(3.65; 454358 (2.26; 2.61)358  (3.96; 4.46)36  (4.36;6.11)36 (2.01;2.69)% (217;2.96)° (3.27;4.33)36¢ (1.62;2.06)  (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

Ta6nuua 2. 3Ha4eHusi nokasamenell nuHelHbIX MOpoMempuyeckux napamempoB nodxenydoyHoll xenesbl (Me (25%;75%), cm).
HadcmpoyHbIMu 3Hakamu ykadaHbl N002pynnbi, C KOMOPbLIMU UMEMCS cmamucmuyecku 3HaduMble pasnuqusi npu p <0,05. [] — deBoukKu,
M — ManbHuKku
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Total 7.33 (5.82; 8.38)710
© 2 7.30 (5.82; 8.38)91
£ 3 7.37 (5.77; 8.53)12
2 Total 4 9.55 (7.91; 11.00)1710
o 5 8.53 (7.75; 10.67)811
B 6 10.13 (8.65; 13.00)%8:12
3 Total 7 14.15 (13.07; 16.57)1410
G 8 13.71 (13.26; 17.46)2511
B g 14.35 (12.87; 15.57)3612
4 Total 10 22.84 (18.46; 26.46)147
= 11 22.40 (18.46; 26.46)258
£ 12 22.96 (18.71; 27.24)%69

4.81 (3.01; 6.24)4710
3.33 (1.98; 4.64)581
5.23 (3.38; 6.52)59.12
8.83 (7.91; 9.58)1.7.10
8.28 (6.95; 8.99)28.1
9.01 (8.15; 11.65)3942

13.75 (10.62; 17.35)14

13.57 (11.12; 17.16)25
13.92 (9.38; 18.45)56

15.48 (12.64; 18.90)14

14.71 (12.84; 16.14)25

18.85 (12.29; 21.63)%6

3.45 (2.26; 3.89)710
2.74 (1.31; 4.73)1
3.45 (2.37; 3.88)50.12
4.22 (2.88; 5.13)10
3.64 (2.72; 4.67)1
4.52 (3.76; 6.63)312
5.52 (4.17; 6.18)110
4.60 (3.86; 6.13)
5.97 (4.33; 6.67)°
6.28 (5.65; 8.02)147
5.74 (3.65; 6.64)25
7.85 (5.99; 11.15)3

15.29 (11.71; 18.79)4710
13.45 (9.07; 17.91)s81
15.70 (12.14; 18.79)p912
22,09 (20.44; 25.91)1710
20.52 (18.45; 23.07)2811
24.01 (21.34; 28.98)38.12
33.54 (30.55; 38.95)1410
32.32 (31.23; 36.71)251
35.49 (27.98; 39.36)36.12
46.17 (38.73; 55.53)147
44.79 (38.09; 46.51)255
50.62 (41.84; 59.48)%69

Table 3. Values of volumetric indicators of the pancreas (Me (25%; 75%), cm?3). Subgroups with statistically significant differences at p <0.05

are indicated by superscript signs. D — girls, M — boys

Tabnuua 3. 3HayeHus1 06beMHbIX nokazamernell nodenydoqHol xene3bl (Me (25%;75%), cm3). HadcmpoyHbIMU 3HaKaMu yKkasaHbl
nodzpynnbl, C KOMOPbLIMU UMEmCs cmamucmuyecku 3HaqyuMble pasnuyusi npu p <0,05. 1 — deBouku, M — Manbquku

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.

m 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
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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) cm?, the volume of the
body, 19.97 (13.62; 29.26) cm?, and the volume of the tail
was 8.96 (6.41; 11.93) cm?, the total volume of the organ
being 57.35 (39.08; 76.90) cm? (Table 3).

The volume of the head increased from 7.30 (5.82; 8.38)
cm3 and 7.37 (5.77; 8.53) cm?® by 206.8% and 211.5% to
22.40 (18.46; 26.46) cm® (p = 0.004) and 22.96 (18.71;
27.24) cm?3 (p < 0.001), the volume of the body increased
from 3.33 (1.98; 4.64) cm? and 5.23 (3.38; 6.52) cm3 by
341.7% and 260.4% to 14.71 (12.84; 16.14) cm? (p = 0.004)
and 18.85 (12.29; 21.63) cm? (p < 0.001), the volume of the
tail increased from 2.74 (1.31; 4.73) cm3and 3.45 (2.37;
3.88) cm® by 109.4% and 127.5% to 5.74 (3.65; 6.64) cm?
(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) cm® (p = 0.004), and in boys
from 15.70 (12.14; 18.79) cm?® to 50.62 (41.84; 59.48)
cm? (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.
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m DISCUSSION

The available literature contains isolated data on in vivo
morphometric parameters of the pancreas in certain age
periods.

V.0O. 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 Bayramoglu 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.

m 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. P
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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.

Conflict of interest: nothing to disclose.

Citation

Akhmadeeva LR, Goldyrev EO, Bagautdinov KF, Blinova NM. Rehabilitation of motor
impairments in patients after cerebral stroke in the early recovery period using a
treadmill with biofeedback. Science and Innovations in Medicine. 2026;11(2):111-116.
DOI: https://doi.org/10.35693/SIM704173

Information about authors

*Leila R. Akhmadeeva — MD, Dr. Sci. (Medicine), Professor

of the Department of Neurology.

ORCID: https://orcid.org/0000-0002-1177-6424

E-mail: leila_ufa@mail.ru

Evgenii O. Goldyrev — MD, neurologist of the Clinic of the Bashkir
State Medical University.

ORCID: https://orcid.org/0009-0003-5307-3123

E-mail: evgenyy86@gmail.com

Kamil F. Bagautdinov — MD, assistant of the Department
of Adaptive physical culture and sports medicine.

ORCID: https://orcid.org/0009-0009-7165-8073

E-mail: bagautdinov-k@mail.ru

Nataliya M. Blinova — MD, Cand. Sci. (Medicine),
Associate professor of the Department of Neurosugery
and medical rehabilitation.

ORCID: https://orcid.org/0000-0001-7385-3299

E-mail: natalia_ufa@bk.ru

*Corresponding author

Received: 27.02.2026

Accepted: 20.03.2026
Published: 28.03.2026

Peabunutauua aBuratefibHbIX HapyLWeHUA y NaLumnueHToB
nocrne nepeHeceHHoro uepebpasibHOro MHCynbTa
B paHHUM BOCCTAaHOBUTEJIbHbIA Nepuoa C NOMOoLUbIO
GeroBomn A0OPOXKKU C BMONOrM4yeckom oopaTtHoOM CBSA3bIO

J1.P. AxmapeeBa, E.O. lonabipeB, K.®. baraytauHos, H.M. BnuHoBa

Prb0Y BO «balukupckumii rocynapCTBEHHbIA MEONUMHCKUIA YHUBEPCUTET»
MunH3agpaBa Poccum (Ydpa, Poccwiickas ®egepaums)

AHHOTauUuA

Ienn: oneHUTh KIIMHUYECKYIO 3peKTUBHOCTh MHTErpallid TPeHUHra Ha
6eroBoy IOpoXKKe C cucTeMoy Guosorndeckoit obparHoii ces3u (BOC) B ripo-
rpaMMy paHHe#H OCTUHCYJIBTHOH peabWINTaI|H JUIst KOPPEKIIUY JIBUTaTellb-
HbIX HapyIIeHHUH U Yily4lieHus GyHKIMOHAIbHBIX UCXOJOB.

Marepuain u Merofbl. B uccieoBanuy npuHsim ydactve 60 namueHToB B
PaHHMIT BOCCTAHOBUTEJIbHBIN 1TepHOf (J10 6 MecsiieB) 10CIIe TepeHeceHHOTo
MHCYJIBTA 0 MIIeMUYeCcKOMY THITy. Y 4YaCTHUKH ObIJIM PaH/IOMHU3UPOBAHEI Ha
JIBe 'PYTIIbI: OCHOBHYIO (3KCIIePHMEHTaJIbHY0) ¥ KOHTPOJIbHY0. O6e rpymiib
TOJTyYaJli CTAaHJAPTHYIO KOMIUIEKCHYIO Tepallio, BKIIIOYAIOIIY0 jedebHy0
UBKYIIBTYpY, MeXaHOTepaIlMIo U 3prorepanuio. OCHOBHasi TPyIIIa J0OIHHU-
TeJIbHO IPOXOJIUJIa KypcoBoe JiedeHHe Ha HGerosoii popoxxke ¢ BOC (Walker
View), kotopoe obecre4rBano 06paTHYIO CBS3b I10 I1apaMeTpaM OIOPHOM
peakIMi ¥ CUMMeTpHH 1iara. [y 06beKTUBHOM OlleHKU JIMHAMUKH UCIIOJIb-
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30BaJICSI KOMIUIEKC KIIMHUIeCKUX 1IKaul (Tect « Beranb v uny», 10-MeTpoBbIit
TecT Xonb0bl, mikana 6ananca bepra) 1 HHCTpyMeHTaNbHbIN aHAIK3 TapaMe-
TPOB HOXOZIKH (CKOPOCTb XO/Ib0BI, IUTMHA IMKIIA 1ara). O1ieHKa IpOBOHIACh
10 U rocrie 14-THeBHOTO Kypca peabHIUTalyH.

Pesynsratsl. [IpoBesieHHOe HCCIIeIOBaHKE ITPOJIEMOHCTPUPOBAJIO CTAaTHCTH-
YeCKH 3HaYMMOe YITydIlleHHe [0 BCeM OL[eHHBAeMbIM I0Ka3aTesisiM B 06enx
rpyIIIax, 4To MOATBepXxaaeT 3¢pGeKTUBHOCTh CTAaHJAPTHON peabuIuTalrH.
OpnHako B OCHOBHOM rpyiiie, riae npuMensuiack BOC, AruHaMuKa yiydiieHui
6bI1a HECKOJILKO JIydlie: Gosiee BhIpaykeHHOe COKpaIlleHV e BpeMEeHH BBIIIOJHe-
Hus TectoB «Bcranb 1 uam» (20% ot ncxopHoro npotus 17%) u 10-mMeTpoBoi
xo7ib6bI (23,3% nipotuB 23,1%), yBennyenvie 6asutoB 1o 1kase bepra (27,4%
npotuB 15,1%), a Takoke YTy IIHIMCh OKa3aTeH IUIMHEI [k mara (41,2%
npoTuB 27,3%) Npy OTCYTCTBUM Pa3IM4MH 110 CKOPOCTH XOIbOBI.
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Hayka u UHHOBauUuK B MeauLuHe

3akurouenne. MiHTerpanus TpeHUpOBOK Ha GeroBoit nopoxke ¢ BOC B mipo-
rpaMMy paHHe# IOCTUHCY/IBTHOM peabHIUTaIMi MOXXEeT HOBBICUTh 3G ¢eKTHB-
HOCTb BOCCTAHOBJIEHHUsI XO[bOBI 110 CPABHEHHUIO CO CTaHIAPTHON Teparue.
Merop crioco6CTBYeT yiTy4IlleHHI0 CUMMeTPUM MOXOJIKY, balaHca, yBeyuye-
HMIO CKOPOCTH U JJIMHBI IIara, YTO B KOHEYHOM UTOTe BeJieT K IOBBIIIEHUIO
yHKIIMOHAIBHOW He3aBUCHUMOCTH IMAlMeHToB. TpebyloTcs nanbHede

WCCIIeI0BAHUS JUIS OIIpefiesIeHus] KIIMHUIeCKOH 3pdeKTUBHOCTH TPeHHUHTa
xozb6bI Ha Gerooit nopoxke ¢ BOC Ha GonbIneil BEIGOpKe IAIMeHToB U C
Horee AIUTEBHBIM KaTaMHE30M.

KinoueBble cnoBa: UHCYIIBT, Xoib0a, peabunuranus, 6uonoruyeckas o6-
paTHasi CB3b.

KoH}auKT HHTEpecoB: He 3asBileH.
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m 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
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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
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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].

m 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.

m 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
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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 a
< 0.05. All data were analyzed using STATISTICA version
10.0 (StatSoft, Poland).
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Day 1 of Day 14 of
fehabilitation S m

Timed Up and Go test ~ 21.55+6.48 17.23+6.05 <0.001
10-Meter Walk test 20.2745.31 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)

Tabnuuya 1. YcpeoHeHHble 3Ha4eHusi nokazamenel y nayueHmoB
B QUHaMUKe B npoyecce peabuniumayuu ¢ npUMeHeHUeM G0POXKU
¢ BOC (n=30)

Day 1 of Day 14 of
rehabililation e m

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)

Tabnuuya 2. YcpedHeHHble 3Ha4eHusi nokasamenel y nayueHmoB
B OUHaMUuKe B npouecce peabuiumayuu 6e3 ucnonb308aHuUst
dopoxku ¢ BOC (n=30)

m 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%). Jauxa 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.

m 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
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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. X. Ma 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].

m 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

www.innoscience.ru


http://www.innoscience.ru

Science & Innovations in Medicine

Vol.11 (2) 2026

NEUROLOGY

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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Potential and outcomes of surgical treatment
of patients with retroperitoneal non-organ
liposarcoma invading great vessels

Mikael G. Abgaryan, Elena V. Artamonova, Elena I. Kovalenko, Tatyana A. Titova,
Maksim P. Nikulin, Sergei N. Berdnikov, Ivan S. Stilidi

N.N. Blokhin National Medical Research Center of Oncology (Moscow, Russian Federation)

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 IIla, 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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Hayka u UHHOBauUuK B MeauLuHe

BO3MOXHOCTU U pe3ynbTaTbl XMPYPru4eckoro
ne4vyeHus 60NbHbIX 3a0pPHOWMNHHBIMU HEOPraHHbIMU
iIMnocapkoMaMu C MHBa3uen MarucTpasibHbIX COCyaAoOB

M.I. A6rapsiH, E.B. AptamoHoBa, E.U. KoBaneHko, T.A. TutoBa,
M.N. HukynuH, C.H. BepaHukos, U.C. CTunnan

PIrbY «HaumoHanbHbIA MeQUUMHCKMIA UCCNeaoBaTeNbCKUA LEHTP OHKoormm nmenn H.H. BnoxuHa»
MuH3agpaBa Poccun (Mockea, Poccuiickas ®epepauusi)

AHHOTaUuA

Ienn: nokazaTh BO3MOXHOCTb, 6€3011aCHOCTb U 3pPEeKTUBHOCTb Pe3eKIUH
MarrcTpasbHBIX apTepuii (aopTa, TpaBast/JieBast OAB3/OIIHAS apTepusl) U BeH
(HDKHSS TTOJIad, TIpaBasi/JieBast IIOAB3/IONIHAs BeHbI) Y OOJIbHBIX 3a6pIOMIMH-
HBIMM HEOPI'aHHBIMH JIUTIOCAPKOMAMH C WHBA3HeH JJAHHBIX COCY/IOB.
Marepuan 1 MeTobl. B peTpocriekTrBHOe HCCleJoBaHKe BOIUIM OOIbHBIE
3a6pIONIMHHBIMI HEOPTaHHBIMH JIMTIOCAPKOMAMH C MHBa3Wel MarkCTPaibHbIX
cocynos, koropsiM B PI'BY HMMUI] onkonoruu um. H.H. Broxuna B 2001-
2023 rT. npoBev XUpypruyeckoe jiedeHe B 06beMe yjaieH!sl JIMII0CApKOMBbI
C MYJIBTHOPTaHHOH pe3eKIHeil U pe3eKIneil MarkuCTpasbHbIX apTepyit (aopTa,
TIpaBasi/JieBast TIO/IB3/IOIIHAsL ApTepys) U BeH (HIDKHsIS TI071ast, IIpaBast/eBast
TIOJIB3/I0IITHAs BeHbl). J1J1s IIITaCTUKY COCY/I0B UCITIONIb30BAIA CHHTETHYeCKUe
npote3bl Gore-Tex. ITpu HanuuKUK yIOBIETBOPUTENIBHOTO KOJLIATEPATILHOTO
OTTOKA ITPOBOJIWIIM IIUPKYJISIPHYIO Pe3eKIINI0 HIDKHEH MOJIoN BeHsbI 6e3 Ipo-
Te3upoBaHust. OCIIOKHEeHNsI XMPYPTUYeCKOro JiedeHHs OIeHUBAJIH 110 IIKae
Clavien — Dindo. 551 cratuctiyeckoit o6paboTky MaTepHasa UCCieloBaHUs
WCIIOJIb30BAJIM MTakeT Iporpamm Statistica for Windows v.10 u SPSS v21.
Pasnuuust HoNy4eHHBIX Pe3yIbTaToB PACCMaTPUBAJIM KaK CTaTHCTHYECKH
3HauMMble IpH ypoBHe p <0,05. PacyeT BbDKMBaeMOCTH IIPOBEIIH 10 METOLY
Kanyana — Metiiepa, 10CTOBEpHOCTb pa3iIMuMi olleHWIH 1o log-rank test.
Pesynbrarsl. B nccienoBanue Bomy 28 60sbHBIX 3a0pIOMIMHHBIMU He-
OpraHHBIMHM JIUTIOCAPKOMaMH C MHBa3Wel MarkCTPajbHbIX COCYI0B, 3TO 9
(32,1%) my>xumH u 19 (67,9%) >xeHinyH B BozpacTe oT 22 jio 73 jeT (MearaHa
Bo3pacra 49,5 [42,5; 55,0] rozma). ¥V 11 (39,3%) GonbHBIX ObliIa epBUYHAsS
omyxoib, y 17 (60,7%) — penmnusHast. Y 13 (46,4%) nanueHToB JIMIiocapkoMa
cootBercTBoBaina Ib craguu no kaccudukaryu TNM, y 6 (21,4%) — 11la cra-
o uy 9 (32,1%) — lIIb craguu. B 12 (42,9%) ciy4yasix AUarHOCTHPOBAIM
MHOT0Y3JIOBYIO JUnocapkomy. Y 13 (46,4%) nmanyeHTOB OIyXoJib UMeJia Bbl-
cokyto creneHb auddepennuposku (G1), y 7 (25%) — yMepeHHYIO CTelleHb
(G2) ny 8 (28,6%) — Huskyto (G3). HeoaploBaHTHYIO XMMHOTEPAITHIO
(moxcopybunun+udocdamun) nonyawn 6 (21,4%) GonbHBIX ¢ adpdexToM
crabunmsaiuu. Bee 28 narnueHToB onepupoBaHbl B pajiikalbHOM obbeMe. Ha-
psity C ynaneHueM jnocapkomsl B 9 (32,1%) citydasix BBITOIHUIN pe3eKIHI0
MarucTpajibHbIX apTepuii (aopTa, IipaBasi/JieBast OJB3/I01IHAast apTepHs), B 13
(46,5%) — pe3eKIMIO MaruCTpaIbHBIX BeH (HIDKHSIS [0J1asl, [IpaBast/JieBast Ox-
B3/IOIIHAs BeHBI) U B 6 (21,4%) — pe3eKiiyio apTepuii ¥ BeH. MylisTHOpraHHbIe

pesekiuu 1-5 opraHoB nposenu 21 (75%) nanueHTy. YacToTa 0CIIOXKHEHUH
xupyprudeckoro jedenus >I1I kimacca no mkane Clavien — Dindo cocrasuna
21,4% (n=6), nocyeonepanuoHHas JeTabHOCTb — 3,6% (n=1). Cpoku Ha-
6mroneHus 3a 28 6onbHBIMU BapbupoBanu ot 2,3 f1o 189,8 mec. (Menuana
62,5 [14,8; 84,6] mec.). 3a aTO BpeMsl IpOrpeccHpoBaHre 3ab0IeBaHus BO3-
uukio y 20 (71,4%) nanuentos, y 12 (42,9%) pa3BuiiCst MeCTHBIN PElUUB, Y
7 (25%) — ornaneHHsle Meracrassbl, y 1 (3,6%) — 1 MeCTHBIN pellu/iuB, U OTIa-
JIeHHbIe MeTacTa3bl. YMepiy OT IPOrpecCUpPOBaHUS JIMIIOCAPKOMBI 8 (28,6%)
6onpHbIX. O6mast 1- 1 3-1eTHss BBDKUBaeMOCTb cocTaBHiIa 1o 96,4+3,5%,
5-netHsis — 84,4+8,5%, 10-neruss — 39,8+14,6% (MenuaHa obIei BKHBA-
emoctu 88,8 [72,3; -] mec.). [Tokasarenu BbDKMBaeMOCTH 6e3 ITporpeccrupo-
BaHUsI JIMIIOCAPKOMBI COCTABHIIM COOTBETCTBeHHO 84,8+7,0%, 48,9+11,2%,
21,7+9,5%, 5,4+5,3% u 21,7 [12,2; 52,5] Mmec. MHOrodaKkTOpHEIi perpeccu-
OHHBIN aHanmM3 Kokca nokasa, 4To Ha oOIIyI0 BEDKMBaeMOCTb 28 60JIbHBIX
3a0pIONIMHHBIMUA HeOpTaHHBIMH JIMIIOCAaPKOMaMK C MHBa3Hel MarucTpaibHbIX
COCYZOB OTpHLIaTe ILHO ITOBIIUSIN 3 He3aBUCUMBIX (paKTopa: HU3Kasl CTelleHb
b depeHIIMPOBKY OITYXOJIH, HaJli4yMe MHOTOY3JI0BOM OITyXOJI U Haluuue
OIyX0JIeBOM MHBa3UM OPTraHOB, PaclOJIOKeHHBIX PSJIOM C 3a0pIOIIMHHON
HeopraHHOM JIMIIOCApPKOMOM, 110 IIOBOy KOTOPOM BBHIIIOJIHEHA MYJILTHOPIaH-
Has peseknus. Ha BbDKMBaeMocCTh 6e3 nporpeccupoBaHusl 3a0pIOIIMHHON
HeopraHHOM JIMIIOCAPKOMBI C MHBa3Wel MaruCTpabHBIX COCY/IOB OKa3alu
CTaTUCTUYECKH 3HaYMMOe OTpHIlaTelIbHOe BIIMsIHUe 2 He3aBUCUMBIX (akTopa:
HM3Kasl cTelleHb 1 QepeHITMPOBKY OITyX0/IM U HaJluuKe ee pelluI1Ba.
3axuriouense. Pe3yiibTaTel IPOBeJIeHHOTO HAMU MCCIIe[JOBaHKsl [I0Ka3ajd, 9TO
B yCJIOBUSIX CIIelMaIM3UPOBaHHOM KIIMHUKY BO3MOXKHO pafiiKajbHOe XUPYp-
rUdecKoe jledeHre 60IbHBIX 3a0pIOMIMHHBIMY HeOPTaHHBIMH JIMIIOCapKOMaMuy
C MHBa3Wel MarkucTpasbHbIX BeH M apTepHid, BKJIIoYas aopTy, KOTOPOe COIIpo-
BOX/IaeTCsl IPHeMJIEMbIM YPOBHEM OCJIOXKHEeHUH U 06ecrieurBaeT BHICOKYIO
OOIIyIO 5-JIETHIOI0 BBDKMBAEMOCTh, COCTABIISIONTyI0 84,4+8,5%.
KiioueBnie cioBa: 3a6pIolIMHHAs HeopraHHas JIMIOCapKoMa C MHBasuei
MarucTpajbHBIX COCY[OB, Pe3eKIUsl MaruCTpalbHbIX apTepuii, pe3eKnus
MAarucCTpaibHBIX BeH, pe3eKIysl aOpThl, pe3eKIXsl IpaBoi/IeBoi IOAB3/I0MUI-
HOW apTepyy, pe3eKIysl HY)KHeH 110101 BeHbl, pe3eKIus IPaBOi/JIeBo 1ofI-
B3/IOIIHOM BEHbI.

KoH}IuKT HHTepecoB: He 3asiBJleH.
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m INTRODUCTION

he 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
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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].

m 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.

m 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.

m 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 Il]a,
and in 9 (32.1%), stage I1Ib. 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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Extent of surgical intervention on the main vessels

Longitudinal resection

Right/left iliac artery
Inferior vena cava
Left iliac vein

Circular resection

Aortic bifurcation with prosthetic
Left iliac artery with end-to-end repair

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

Left iliac artery with prosthetic

Left iliac artery with prosthetic + circular resection of the left iliac vein with ligation

Inferior vena cava with ligation
Inferior vena cava with prosthetic
Right/left iliac vein with ligation

Total (n=28)

%

14,3
10,7
3,6

3,6
3,6
7,1
10,7
14,3
21,4
3,6
7,1

N DR WN e - A H

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

Ta6nuua 1. O6bemM onepamuBHO20 BMewamenbCmBa Ha MagauCmpasbHbIx cocydax y 28 60MbHbIX 3a6PIOUUHHBIMU HEop2aHHbIMU

JlunocapkomMamu ¢ uHBasuell MazucmpasibHbIX COCyd0B

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, p=0.045
and 43.7 + 31.5% vs. 66.7 = 27.2% in G2, p=0.049). The
median of overall survival inpatients with a G3 tumor was
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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, p=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 (p=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, p=0.015) and G3 (17.5 [6.3; 59.3] months,
p=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 (p=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.

m 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 RO-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

www.innoscience.ru
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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.

m 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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Pavel E. Tulin, Ivan S. Stilidi
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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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Hayka u UHHOBauUuK B MeauLuHe

AHHOTauuA

O6ocHoBanwue. [IpenoneparioHHOe UCCIIEZIOBaHKe TOPKEHHBIX perroHap-
HBIX U OTA@JIeHHbIX JTMMATUYeCKUX y3JI0B — BaXKHBIM ITPOrHOCTUYECKHM
KpUTepuil Npu BbIOOpe TaKTHKU JiedeHUs paka >kellyika. B kinHuveckoi
NIpaKTHKe JyIs OlpefieJieHUs] MeTacTaTU4eCcKoro IopaxkeHus JIMM$Oy3ioB
Ucrosb3yercst KomnbtoTepHast Tomorpadus (KT) ¢ B/B KOHTpacTUpoBaHUEM,
B CIIOPHBIX CUTYAIMsIX JIONOJIHEHHAs! II03UTPOHHO-3MUCCUOHHOM TOMOrpa-
dueit (I13T) c 18F-dropaesokcurmoxo3oit (18F-P/T). [Ipu HeopHO3HAUHOM
pesynbrare npu KT u [13T/KT-ckanupoBanuu TpebyeTcst Mopdosoruueckas
BeprudUKanys 3a0pIOIUHHBIX JIUM$ATHYeCKUX Y3JI0B [10CPeJICTBOM MaJlo-
MHBa3MBHbIX METO/IUK: COre-6MOIICUM U/UITH JIalapOCKOIIMY € 3a0pIOIIMHHON
suMbaIeHIKTOMUEH.

ensn: onleHUTH MHPOPMATUBHOCTH ¥ 6@3011aCHOCTh METO/1a JIallapoCKOIye-
CKOH 3a0pIOMIMHHON TMMaIeHIKTOMUH JIsl OLleHKU 110[J03PUTEeNIbHBIX B OT-
HOIIEHUY MeTacTa30B paKa JeJly/ika 3a0pIOIMHHBIX JIMMbaTHYeCKUX Y3JI0B.
Marepuan u Meropbl. [Ipoananu3uposano 482 ciydast anueHToB C ua-
THO30M paK >XeJlyAka W/Wiu kapauoasodareansbHoro nepexoza II-1I1 tuna
1o KJ1accudukanuu Siewert, KOTOPBIM IPOBOUIIOCH JiedeHue ¢ 2019 no
2023 rr. 8 HMHUI] onxonoruu uM. H.H. boxuna. B ciy4ae BeisiBiIeHMs 110-
JIO3PUTENIbHBIX B OTHOLIIEHUM MeTacTa3oB 3a0pIOIIMHHBIX JIMM$aTHIeCcKUX
yaioB 1o jaHHeiM KT Bemonnsinace [I9T-KT 18F-P/T. I1pu onHo3HaYHOM
ux nopaxxenuu no ganHbM [I9T-KT nanuenT npusHasaiicst HeonepabebHbIM
(M1). Ilpy UHTAKTHBIX 3a0PIOIIMHHBIX JIMM}aTUIeCKUX y3/1ax 110 JJAaHHBIM
II3T-KT ux mopdonorndeckas BepuduKanys He NpoBogwIack. B ciyyae
COMHUTeJIbHbIX MeTaboInyeCcKUX U3MeHeHUH B 3a0pIOIIMHHBIX JIUMPOY3-
JlaX IPUHUMAJIOCh pellleHue B 110JIb3y UX MOpPQOsIorMyeckoi BepudurKkanum

C TIoMoIIbIO core-6uoncuu oy Y3- unu KT-naBuranueit. [1pu orcyrcreum
TeXHUYeCKOW BO3MOXKHOCTH CcOre-OHOIICUU BBIIIOJIHSIIACH JIATIAPOCKOIIUS C
3a0pIOIIMHHOM JTMM$aieH3KTOMUEH.

Pesynbrarel. Y 19/482 (3,9%) nanuenToB 1o nanHbeiM KT 6bUTH BBISIBIIEHBI
I10/103pUTeJIbHbIE B OTHOIIEHWU MeTacTa30B 3abpIoIIMHHbIe JIuMdaTHuecKe
yauel. [Tociie Boimonnenus ITT/KT-ckanuposanus ¢ 18F-®II y 5/19 (26,3%)
60JIbHBIX OBUIN BBISIBJIEHBI O4ary I1aTOJIOrMYeCcKOro HaKoIIeH!s: pafinodapM-
npenapara B 3a0prolMHHbIX JMMboyanax (M1); y 6/19 (31,6%) nanvenros
MeTaboIyecKye U CTPYKTYpHble U3MeHeHHs B 3a0pIOLIMHHBIX JTUMPOy3i1ax
BbIsiBJIeHbI He OblTH. COMHUTeIIbHbIe MeTabonM4ecKre U3MeHeH s B 3a0pro-
LIMHHBIX JTMM$OoY3iax BeissieHbl y 8/19 (52,6%) nanuenTos: y 3 (15,8%)
60JIbHBIX BBINIOJIHEeHA core-6uorcust ¢ ¥V 3- wim KT-HaBuranueit, 5 nanyuenTam
BbINOJIHEHHe OHOIICUM ObUIO TEXHUYeCKHU HeJIOCTYIHO. Y OIJHOIO IalyeHTa
(5,3%) 1ipy poBeieHUH GUOTICHH 101, Y 3-KOHTPOJIEM ITOATBEPXKJIeH MeTacTa3
paka xeinyaka, y 2 (10,5%) nanuenToB 6pur BepudpUIIMPOBaHbl MeTacTasbl
paka >esTyfika I1pY IIPOBefleHUH 3a0pIOIIMHHOM TnMdaneHskToMuu. Ocnox-
HeHUWH NP1 IIPOBeJleHrH core-6HOICHUU U 3a0pIOIIMHHON TMMbaJeHIKTOMUU
3apUKCUPOBaHO He ObUIO.

3axurtoueHue. Jlanapockonuyeckasi 3a0prolIMHHas IMM}aseH3KTOMUS SIB-
JiseTcss ”THPOPMATUBHBIM U 6e30I1aCHBIM MaJIOMHBAa3UBHBIM MeTOZIOM MOp-
dosnornyeckoit BepudUKalKK I10J03PUTENbHBIX B OTHOILIEHUH MeTacTa3oB
paKa >keJtyzika 3a0pIOIIMHHBIX JTUMPATUIeCKUX Y3JI0B.

KirroueBble cj10Ba: pak jeJlyjika, MeTacTasbl B 3a0pIOIIMHHbIX JTMM}Oy3iax,
JlarapoCKonMyeckas 3a0prolHHas JIuMdaieH3KTOMUSL.

KonduukT HHTepecoB: He 3asBIleH.
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m 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 (M 1), 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
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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].

m AIM

The article analyzes the experience of minimally
invasive methods of verification of metastatic involvement
of retroperitoneal lymph nodes in gastric cancer.

m 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
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Figure 1. Algorithm for examining a patient with retroperitoneal
lymph nodes suspicious for gastric cancer metastases.

PucyHok 1. Anzopumm o6cnedoBaHusi nayueHma npu Haauquu
Nnooo3pumeribHbIX B OMHOWeHUU MemacmasoB paka xesnyoka
3aBPHOWUHHBIX TUMGamuyecKux y3/10B.

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.

www.innoscience.ru

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
(Toversol) 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 8F-FDG was performed using
a Biograph mCT scanner (Siemens, Germany) 60 minutes
after intravenous administration of the radiopharmaceutical
at a dose of 5 MBg/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
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finding regarding the status of retroperitoneal lymph
<70 ' 15 (78.9%) nodes (presence of active tumor tissue) was defined as
210 a— GRS focal pathological radiopharmaceutical uptake exceeding
Male ' 16 (84.2%) the background uptake in surrounding normal tissues. An
EemelE — ﬁﬁ.}/gﬁ%) equivocal finding was defined as '8F FDG uptake with
Proximal section "2(10.5%) an SUVmax in the range of 1.5-2.5, accompanied by
—— 31((155.5’23) suspicious features on CT.
Subtotal involvement 13 (68.4%)
cT1b/T2 SegeEn-nta g (26.3%) m RESULTS
cT3/T4 14 (73.7%) In the period of 2019 — 2023, on the base of the
_r Stage (cN). n (%) 3(158%) Abdominal Department of the Blokhin National Medical
N+ 16 (84.2%) Research Center of Oncology, 482 clinical cases of
HEh T e Ao RIE (?(31.6%) gastric and cardioesophageal junction type II-III cancer
Low 13 (68.4%) were analyzed. In 19 (3.9%) patients, CT data revealed
_ Type according to P. Lauren, n (%) retroperitoneal lymph nodes suspicious for metastatic
ptestinal e involvement in the absence of other distant lesions. All 19
Table 1. Clinical and morphological characteristics of patients patl_ents underwent PE_T_CT scanm.ngl with IBF. FDG. The
with gastric cancer with suspected metastases clinical and morphological characteristics of patients follow
in the retroperitoneal lymph nodes in Table 1.

Tabnuya 1. KnuHuko-mopgonoaudeckue xapakmepucmuku : : . .
6onbHbIX PaKoM enydKa ¢ Nodo3peHUeM Ha Memacmasbi According to PET data, in 5/19 (26.3%) patients, sites

B 3a6PHOWUHHBIX UM OY3nax of pathological uptake of radiopharmaceutical drug were

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.

PucyHok 2. [NayueHm 1. Pak kapouanbsHozo omoena xenyoka. 1o daHHbiM MM3T/KT ¢ 18F-PAI" (akcuanbHble cpesbl, A — KT ¢
BHYMPUBEHHbLIM KOHMpacmupoBaHueM, b — coBMeuweHHble uzobpaxeHusi M3T/KT) B 3abpowluHHOM NpocmpaHcmBe No X00y aopmabi
u HwkHel nosoli BeHbl onpedenstomcsi MHOXXeCmBeHHbIEe NAI0CKUE U OKpyanble fuMgpamuyeckue y3snbl (Cmpesku) C namoao2u4deckum
HakonneHueM P®JI — do SUVmax 5,89, ymo coomeemcmByem onyxoneBoMy NOPaXKeHUHo.

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.

PucyHok 3. [MNayueHm 2. Pak mena »enyoka. Mo daHHbIM MIT/KT ¢ 18F-®AI (akcuanbHbie cpesbl, A — KT ¢ BHympuBeHHbIM
KoHmpacmupoBaHueM, b — coBmeweHHble u3obpaxeHus MN3T/KT) napaaopmarsnbHO cnesa Busyanusupyemcs yBenudeHHbIl niockull
numgpamuyeckull y3en (cmpesnku) ¢ HUSKUM ypoBHeM HakonseHusi P®JIIM — 0o SUVmax 1,52, ymo no3Bonsiem pacyeHuBams
pesynbmamsl ucciiedoBaHusi Kak COMHUMenbHble. bbina BeinonHeHa 6uoncusi nod Y3-HaBuezayuel, nosyyYeHbl 0aHHble 0 Memacmase
Hu3KoOugepeHUUPOBaHHOZ20 paKa xenyoKa.
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Figure 4. Research results.
PucyHok 4. Pesynbmamsi uccnedoBaHusi.

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).

m DISCUSSION

Assessment of the extent of regional and distant
lymph node involvement in gastric cancer remains a
relevant clinical challenge. According to literature data,
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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, C. Altini 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%; p = 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]

m 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. »=
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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 a=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 a=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.
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FeonpocTpaHCTBEHHbIN aHaNu3 3aboneBaeMocTu
HaceneHua Pecny6nuku TatapcTaH pakoM Jierkux u ee
CBSI3b C NPUPOAHBIMU U aHTPOMNOreHHbIMU chakTopaMm

B.U. MNataynnuu® 2, A.M. Wneiukos?, P.I. Bukremuposa?, U.I. MaTaynnun?

IPrAQY BO «MHCTUTYT dbyHAaMeHTanbHOM MeanUnHbI 1 Bronoruu.
KaszaHckuii denepanbHbivi yHuBepeuTeT» (KasaHb, Poccuitckas ®enepauns)
2KasaHckas rocygapcTBeHHas MeguumnHckasa akagemus — counnvan ¢reoy Arno PMAHIMO
MunsgpaBa Poccun (KasaHb, Poccuitckas ®enepauns)

SNHCTMTYT Npobnem akonormm 1 Hegpononb30BaHMsa AKageMun Hayk
Pecny6nuku TatapcTtaH (KasaHb, Poccuiickas ®Pepepauus)

AHHOTaums

Ilens: BBIIBUTH 3aKOHOMEPHOCTH (GOPMHUPOBAHHSI 3a00I€BAEMOCTH PAKOM
Jierkux HacesieHus Pecry6iku TarapcraH U ee 3aBUCUMOCTD OT 3arpsi3HeHHsI
arMocdepHOro BO3/lyxa ¥ HUKINYHOCTH CONTHEYHOH aKTUBHOCTH.
Marepuan u MeTopbl. B kauecTBe HCXOIHBIX JaHHBIX UCIIOIb30BAHbI CIIENTY-
I0IIMie MaTepHaJIbl: O 3a60JIeBaeMOCTH PAKOM JIETKHUX, IIPUBEfIeHHbIe B KaHIep-
perucTpe Peciy6iMKaHCKOro KIIMHUYECKOTO OHKOJIOTMYeCKOro JUCIaHCepa
Mumnszpasa Pecriy6nuku Tarapceran 3a nepuon ¢ 2012 o 2021 rr.; o BEIGpo-
cax B arMocdepy 1 KOHIIEHTPALHUSIX KaHIePOIeHOB B aTMOCHEPHOM BO3yXe,
npuBesieHHbIe B [ocynapcTBeHHbIX fokianax «O COCTOSHUM OKpY’Xaroliei

www.innoscience.ru

nipupopHo¥ cpenbl Pecy6iviky Tarapcran» MuHHCTEPCTBA 3KOJIOTHH U ITPU-
ponHo#i cpenbl Pecniy6nuku Tatapcras.

Pesynsrarsl. B nccrienoBaHny okazaHa BHICOKaAs CTENIEHb CBSI3U MEX/TY KOM-
IUIEKCHBIM MHIEKCOM 3arpsi3HeHHst aTMOCGEepHOro BO3/lyXa KaHIeporeHaMu
1 3a6051eBaeMOCTbIO HaceeHUs pakoM Jerkux (r=0,79 na yposae a=0,05).
Takoke GbUT IPOBEJIEH CTaTUCTUYECKUI aHAJI3 MHOTOJIETHEro ypOBHs 3aboiie-
BAEMOCTH HaCeJIeHHs 1 ee CBSI3U C yPOBHEM COJIHEYHOH aKTUBHOCTH C MCIIOJIb-
30BAHMEM OTHOCHTEJIBHOTO YMCJIa COJTHEeYHbIX nsTeH (4nciio Bonbda — W).
Koaddunuent koppensuuu Mexxay W 1 3a6071eBaeMOCTbI0 PAKOM JIETKUX

129


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

OHKONOIrn4A, ny4eBAA TEPANMNA

Tom 11 (2) 2026

Hayka u UHHOBauUuK B MeauLuHe

SBJISeTCS 3Ha4MMBIM Ha ypoBHe a=0,05 u cocrasnser r=0,72, yTo cBuze-
TEJIbCTBYET O 3aMeTHOH CHJIe CBS3H MeX/y UCCIIelyeMbIMU MOKa3aTeJsIMHU.
3akunouenne. CoBepIIeHCTBOBaHME CHCTeMbl MOHUTOPHHTA, KOHTPOJIb 3a
COCTOSIHHEM BHeIITHeH CpeJibl, MEePOIPUSITHSI IO PeJIOTBPAIIleHHIO 3arps3HeH-
HOCTHU aTMOC$epHOro BO3/lyXa CIIOCOGCTBYIOT CHMXKEHHIO OHKOJIOTMIeCKOH
3a6071eBa@MOCTH HaceJIeHHs! PAKOM JIETKHX.

KinroueBble cnoBa: pak Jierkux, reorpagudeckas MHGoOpMaIuoHHas CH-
CTeMa, 3arpsi3HeHHe aTMOoChepHOTO BO3[yxa KaHIlepOTeHaMH, COJIHedHas!
aKTUBHOCTb.

KoH}auKT HHTEpecoB: He 3asiBileH.

[na uMTUpOBaHUS:

Fataynnun B.U., LWnbiukos A M., Buktemuposa Pl MataynauH WU.T.

MeonpocTpaHcT 1 aHanu3 3a6¢ )CTMN HaC Pecny6nuku TatapctaH
PaKOM Nerkux U ee CBSi3b C NPMPOAHBLIMU N aHTPONOreHHbIMU hakTopaMu. Hayka u
uHHoBayuu B MeduyuHe. 2026;11(2):129-135. DOI: https://doi.org/10.35693/SIM701205
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m 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 recommendations!. 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].

m 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.

m 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
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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'.

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 y=ax+b, which were used to determine the morbidity
trend. If the regression equation yields a > 0, a trend for lung
cancer incidence rate in the municipal region and urban district
is considered to increase, and if it yields a < 0, to decrease.
Besides the intensity of increase (decrease) of lung cancer
incidence rate depends on the absolute value of the factor a.

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

— Criteria of lung cancer incidence rate
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

Ta6nuya 1. Kpumepuu yposHeli 3a6onesaemocmu PJ1
Ha 100 mebic. HaceneHus

Trend of lung cancer morbidity Evaluation criteria of lung cancer
growth (decrease) morbidity trend

Significant lal 21,20
Visible 0,65<|al < 1,20
Weak lal < 0,65

Table 2. Criteria for assessing the incidence trend of lung cancer
Tabnuuya 2. Kpumepuu oyeHku meHoeHyuu 3abonesaemocmu PJ1

The information on the solar activity W was obtained from
the website of the World Data Center for Solar-Terrestrial
Physics?. 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.

m 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.

Morbidity rate
[ High
[ Medium
[ Low

{ Visible increase
I Weak increase

Morbidity trend

{ Significant increase

} Significant decrease
} Visible decrease
|} Weak decrease

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.

PucyHok 1. PatioHuposaHue meppumopuu Pecny6nuku TamapcmaH no ypoBHio 3abonieBaeMocmu pakoM fieekux Ha 100 mbic. HaceneHus

B paspese MyHUUUnasbHbIX PalioHOB U 20p0ACKUX OKPY20B.

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
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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

Tabnuua 3. PacnpedeneHue MyHUyunasbHbiX palioHOB U 20p000B
Pecny6nuku TamapcmaH no meHOeHyuu pocma 3abonesaeMocmu
pakom nezkux B 2012—2021 za.

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.

Lung cancer incidence rate per 100,000 people

65

45

Years

25
2012 2014 2016 2018 2020

Figure 2. Dynamics of lung cancer incidence in the Apastovsky
municipal district.

PucyHok 2. [JuHamuka 3aboneBaemMocmu pakoM JiegKux
B AnacmoBCKOM MyHUUUNanbHOM palioHe.

Lung cancer incidence rate per 100,000 people

80

60

40

l"‘ul]bl
20

2012 2014 2016 2018 2020

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 (€))]

The correlation coefficient between IAPc and lung cancer
incidence rate is significant at a=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.

Lung cancer incidence rate

440

400

I4Pc

360

Figure 3. Dynamics of lung cancer incidence in the Kaibitsky
municipal district.

PucyHok 3. [JuHamuka 3aboneBaemMocmu pakoM fiezKux
B Kalibuykom MyHuyunansHoM palioHe.
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Figure 4. The relationship between air pollution and the number of
patients with lung cancer in Kazan.

PucyHok 4. CBsi3b 3a2psisHeHuUsl amMocepHo20 Bo3dyxa C YUCSIOM
6051bHbIX pakoM nezkux B 2. KasaHu.
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Lung cancer incidence, people
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400

Years
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2020

Lung cancer incidence, people
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—f mm=ep

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).

PucyHok 5. JuHamuka ¢pakmuyeckux (P) u paccyumaHHsbix (P)
C ucnosib30BaHUeM ypaBHeHus pezpeccuu (1) 3HayeHul yucna
bonbHbIX pakoM nezkux B 2. KazaHu 3a nepuod 2012-2021 ee.

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 a=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

Lung cancer incidence rate, people

450

410

370

Figure 6. The relationship between W and the incidence of lung
cancer in Kazan.

PucyHok 6. Cssizb W c 3a6oneBaeMocmbio pakoM fieekux B 2. KasaHu.

Figure 7. Dynamics of actual (F) and calculated (P) values of lung
cancer incidence in Kazan using the regression equation (2).

PucyHok 7. [JuHamMuka ¢pakmuyeckux (P) u paccyumaHHbIX
(P) ¢ ucnonb3oBaHueM ypaBHeHusl pezpeccuu (2) 3HadeHul
3abonesaemMocmu pakoM neakux B 2. KasaHu.

Lung cancer incidence in Kazan, people
480 4

450 -

~
-~
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Innovative prediction
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390 4
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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.

PucyHok 8. [JuHamuka yucna 60sbHbIX pakoM neekux B 2. KasaHu
3a nepuod 2012-2021 zz. u ee UHepyuUOHHbIU U UHHOBaUUOHHBbI
npozHo3bl 0o 2030 a.

morbidity since W has a cyclic pattern of approx. 11 years.
The dynamics of actual (F) and calculated (P) 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
incidence! [22, 23].

10n 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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m 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. P=
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The efficacy and safety of a combination approach
to neoadjuvant treatment of gastric cancer
complicated by subcompensated tumor stenosis

Anna A. Svechkova, Abdo Kh. Khamid, Aleksandr A. Zakharenko
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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OueHka adpchekTUBHOCTU U 6e3onacHOCTHU
KOMOUHUPOBaAHHOrO NoAaxoAa K HeoaablOBaHTHOMY
NevyeHuIo paka Xenyaka, OCJI0OXKHEeHHOro
CY6KOMMNEeHCUPOBaHHbIM ONyX0OJsIEBbIM CTEHO30M

A.A. CBeukoBa, A.X. Xamupg, A.A. 3axapeHko

Prb0Y BO «lMepsbivi CaHkT-IeTepbyprckmii rocyaapCTBEHHbIA MEANUMHCKUA YHUBEPCUTET UMEHM akaJeMuka
W.M. NaenoBa» MuHagpasa Poccuu (CankT-INeTepbypr, Poccuiickas Pegepauus)

AHHOTaUuA

Henb: oneHUTh 3¢pPeKTUBHOCTb U 6e3011aCHOCTh KOMOMHUPOBAHHOTO TTOJIXO0-
J1a K HeOaIbIOBAHTHOMY JIEYeHHIO GOJIbHBIX C MECTHOPACIIPOCTPAHEHHBIM pa-
KOM JKeJTyJiKa, OCJIOKHEHHBIM CyOKOMITeHCHPOBAHHBIM OITyXOJIeBBIM CTEHO30M.
Marepuan u MeToabL. B uccienoBaHye BKIIOYeHO 84 maryeHTa ¢ MeCTHO-
PacIpOCTpaHeHHBIM PAKOM JKeJIyJIKa, OCJIOKHEHHBIM CyOKOMITeHCHPOBAaHHBIM
crero3oM. [TanmeHTHI pacrpesiesieHs! Ha [jBe IPYIIbI B cooTHomeHuu 1:1, xa-
PaKTepHCTHKH ITalIMeHTOB 00eHX Py cornocTaBuMel. [lanyentam uccnemy-
€MO¥ TPYIIIBI IPOBOJWIOCH KOMOMHHUPOBAHHOE JIeYeHHe: 4 [UKIIA TOJTMXUMH-
orepanuu 1o cxeme FLOT u 2 ceanca sHIockonu4eckor GpoToarHaMUIeCKon
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Tepanuu. B KOHTPOJIbHO# TpyTiIie IIPOBOJMIIOCH CTaH/IAPTHOE JiedeHre. MeTojibl
OIIeHKH KIIMHUYecKou 3¢(peKTHBHOCTH KOMOMHUPOBAHHOTO JIeYeHHUsI: BpeMsl
3BaKyaluy GapreBol B3BECH U3 XKEJTyIKa B TOHKYIO KHUIIIKY, CTeIleHb OITyX0JIeBO-
TO CTeHO3a, CTelleHb Hy TPUTHUBHO# HEJIOCTAaTOYHOCTH, tuHamuka UIMT u capko-
TIeHHH, TIOKa3aTes ! epdy3HH OITyXOIIH, CTelleHb PerpeCcCHH OITyXOJIH 110 IIKaJle
TRG, oTBet ornyxonu Ha jiedeHue 110 KputepusiM Response Evaluation Criteria
In Solid Tumors 1.1. K MeTopiam onieHKkH 6e3011aCHOCTH KOMOMHHUPOBAHHOT'O
JIedeHHsl OTHOCHIIMCh: KOJIMYeCTBO OOJIBHBIX, 3aBepIMBIIMX HPeoNepaljyoH-
HbII 3Tall JledeHus], HexXkenaTesIbHble siBjeHus 110 1kaae Common Terminology
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Criteria for Adverse Events Version 5.0, konuuecTBo 60JIbHBIX, KOTOPBIM 3a-
JIePXKUBAJICS O9epeTHOM IUKJT HOJIMXUMUOTEPAITHH WK IPHMEHSIICS IIperapaT
TPYIIIBI CTUMYJLITOPOB JIEMKOII033a II0 IIPHYHHE JIeKapCTBEHHOH TOKCHYHOCTH.
Pesynsrarsl. [locie edeHys MeiyiaHa BpeMeHH 3BaKyalliy KOHTpacTa 6bl1a
3HAUYMMO HIDKEe B OCHOBHOM rpymie (12 4) mo cpaBHEHHIO C KOHTPOJIEM
(17 4; p=0,003). YiydmeHnue HyTPUTUBHOTIO CTaTyca MOCIe JiedeHHs MOfi-
TBEpPXK/JAJIOCh NOBbIIIeHneM noka3ateneidl GOOSS u cHmxeHneM 6amioB
o mkaie NRS 2002 (p=0,010 u p=0,009 cooTBeTcTBeHHO). B 0CHOBHOI
rpynie 3Ha4eHre UMT 3nauumo craso Boimie (p=0,024), a mokasatesb cap-
xonenuu cHusuincs (p=0,023). IToxasaresns TPOHUIIAEMOCTH COCYTUCTON
CTEHKH B UCCIIelyeMOM IrpyIie 6bU1 3HaUMTeIbHO HIKe (p=0,02), uTo cBU-
JIeTeJILCTBYeT O IOJIOXKHUTEILHOM BIIMSIHUM TePalliy Ha MUKPOIUPKYIISIHIO
omyxoind. Pazmuaus o orBety omyxonu o RECIST 1.1 mexny rpynma-
MU CTaTUCTUYeCKU He3HauuMbl (p=0,513), omqHako maTtomMop¢o3 1o MiKaje

TRG 6bu1 3Ha4MMO Jydie B ocHoBHoU rpymme (p=0,022). Be3onacHoctb
JIeYeHUs] COOTBETCTBYeT CHIPKEHHIO YaCTOTHI TSDKeJION JIeMKOIIeHUH U ina-
pew, a Takke MeHbIIEMY KOJIMYEeCTBY 3ajiepskek xumuorepanuu (p <0,05)
B OCHOBHOM rpymie. Takum 06pa3oM, KOMOMHUPOBAHHBIH MTOJXO0]] II0KA3aJl
yiTy4iieHHy10 3¢ppeKTUBHOCTD U IpueMJIeMbli TPodUIb 6e30ITaCHOCTH 110
CPaBHEHHUIO C KOHTPOJIEM.

BriBoabl. KoMO1HMpPOBaHHOE JIedeHHe Mal[MeHTOB C MeCTHOPACIIPOCTPaHeH-
HbIM PXK, ocioxkHeHHBIM CyOKOMITEHCUPOBAaHHBIM OITyXOJIEBBIM CTEHO30M, Ha
TIpefIoNeparMoHHOM JdTalle I0Ka3ajo BBICOKYIO 3¢ deKTUBHOCTE U He3omac-
HOCTb ¥ MOXKET ObITh peKOMEH/IOBAHO K TPUMEeHEeHHUIO B PyTUHHOM IIpaKTHKe.
KirroueBsie ciioBa: pak jkeJyika, OIyXOJIeBLIM CTeHO3, SH/I0CKOIIUYecKast
doToprHaMIYeCKas Tepanvisi, OCIIOKHEHHBIN PaK XKeTyika, KOMOWHUPOBAHHOE
nedenue, XopuH E6.
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m 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; P = 0.009) [8]. In
this regard, there arises a necessity of studying other methods
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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
L.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 irradiation 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
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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.

m 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.

m 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 cT>2M0, 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
multiple primary cancer, presence of absolute
counterindications against drug or surgical antitumor

| Patientcharacteristics ______| Group 1: combined treatment (n=42) | Group 2: control (n=42) | __ p-value |
Male, N=49 27 (64.3%) 22 (53.4%)
Sex Female, N=35 15 (35.7%) 20 (46.6%) 0.376
below 45, N=7 5(11.9%) 2 (4.8%)
Age, years 45-80, N=77 37 (88.1%) 40 (95.2%) 0.059
over 80, N=0 - -
0, N=28 14 (33.3%) 14 (33.3%)
ECOG - status 1, N=38 20 (47.6%) 18 (42.9%) 0.849
2,N=18 8 (19.1%) 10 (23.8%)
2,N=18 10 (23.8%) 8(19.1%)
Ct 3, N=46 20 (47.6%) 26 (61.9%) 0.736
4a, N=20 12 (28.6%) 8 (19%)
0, N=15 7 (16.7%) 8 (19%)
1, N=31 16 (38.1%) 15 (35.7%)
Cn 2, N=26 15 (35.7%) 11 (26.2%) 0.248
3, N=12 4 (9.5%) 8 (19%)
I, N=4 3(7.1%) 1(2.4%)
lla, N=12 5(11.9%) 7 (16.7%)
Stage llb, N=11 4(9.5%) 7 (16.7%) 0.82
IIl, N=57 30 (71.4%) 27 (64.3%)
LG, N=30 14 (33.3%) 16 (38.1%)
Pathomorphology HG, N=24 10 (23.8%) 14 (33.3%) 0.368
SCC, N=30 18 (42.9%) 12 (28.6%)
Pre-treatment barium meal evacuation time, h 16 IQR [16;20] 20 1QR [16;20] 0.383
Pre-treatment GOOSS status, people «» 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 1QR [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 4,51QR [2;5] 4,51QR [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 1QR[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 1QR [28.65;82.85] 41 1QR [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] 13.41QR [8.41; 23] 0.343

Table 1. Patient characteristics: values are presented as the number of cases and their percentage

Patients included in the study,
Stage 1. N=84
Initial examination T 1
of patients Study group, Control group,
N=42 N=42
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treatment FLOT scheme FLOT +2 ePDT sessions
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Figure 1. Study design.
PucyHok 1. [lusalH uccnedoBaHus.

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

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

Ta6nuya 1. Xapakmepucmuka nayueHmoB: 3Ha4eHusi npusedeHsl B BUde KoJlu4ecmaa Cily4aes U UX NPOUeHmMHo20 COOMHOWEHUS!
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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 E6 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 pm + 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.

www.innoscience.ru
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Figure 2. Exclusion of patients during treatment.
PucyHok 2. VicknodeHue nauueHmoB B npouecce Jle4eHust.

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 x? test was
used for categorical variables. Differences were considered
statistically significant at p < 0.05.

30
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10 X

Contrast agent evacuation, h

5 |
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M Study group before treatment
Control group before treatment

Study group after treatment
Control group after treatment

Figure 3. Evacuation of contrast agent before and after preoperative
treatment in patients of the study and control groups.

PucyHok 3. 3Bakyayusi KOHmMpacmHozo Beuwecmsa 00 U nocsie
npeoonepayuoHHO20 JledeHus y nayueHmoB uccredyemoll u
KOHmMpornbHoU epynn.
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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.

PucyHok 4. KnuHuko-aHaMHecmuyeckas oyeHka cmeneHu cmeHo3a
>xenyoka no wkane GOOSS 0o u nocne npedonepayuoHHO20
fledeHus y nayueHmos uccnedyemoll u KoHmposnbHol epynn.
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Figure 5. Impairment of nutritional status before and after
preoperative treatment in patients of the study and control groups.

PucyHok 5. HapyweHue HympumusHo2o cmamyca 30 u nocnie
npedonepayuoHHO20 JledeHus y nayueHmoB ucciedyemol u
KOHMpOnbLHOU epynn.

m 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 (GOQSS = 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 6. Tumor perfusion parameters before and after treatment.

PucyHok 6. [Mepgy3uoHHbIe nokasamenu onyxonu 00 U nocne fievyeHusl.
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Figure 7. Tumor response to treatment according to RECIST 1.1
criteria in patients in the study and control groups.

PucyHok 7. OmBem onyxonu Ha fiedeHue no kpumepusim RECIST
1.1 y nayueHnmoB uccnedyemMol u KoHmposbHoU gpynn.
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Figure 8. Therapeutic pathomorphosis of the tumor according
to the TRG scale in patients of the study and control groups.

PucyHok 8. Jle4ebHbIll namomopgo3 onyxosu no wkane TRG
y nayueHmosB uccnedyemoll u KoHmponbHol gpynn.

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 (x*=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%, TRGY5, 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).

www.innoscience.ru

Treatment period Study group Control group m

Leukopenia after 1-2st.  12(28.6%) 15 (35.7%) 0.097
cycle 1 of CCT, n 3-4 st. 5 (11.9%) 7 (16.6%) ’
Leukopenia after 1-2st. 7(16.6%) 12 (28.5%) 0.003
cycle 2 of CCT, n 3-4 st. 4 (9.5%) 13 (30,9%) ’
Leukopenia after 1-2st.  12(28.6%) 8 (19%) 0.465
cycle 3 of CCT, n 3-4st. 6 (14.3%) 8 (19%) ’
Leukopenia after 1-2st.  15(35.7%) 15 (35.7%) 0.154
cycle 4 of CCT, n 3-4 st. 3(7.1%) 4 (9.5%) ’

Table 2. Leukopenia rates in patients in the study and control groups

Tabnuua 2. lMokazamenu nelikoneHuu y nayueHmos uccriedyemoll
U KOHMPOJILHOU 2pynn

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.

m 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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Neoadjuvant stage of treatment

decompensation of tumor stenosis (1)

Study group, Control group,
N=42 N=42

Cycle 1 of NACCT N=42 N=42

v v
Cycle 2 of NACCT N=42 N=42

! !
Cycle 3 of NACCT N=42 N=41%%

' '
Cycle 4 of NACCT N=39* N=35%*

*3 patients did not receive cycle 4 of NACCT due to progression of the main disease (1), nephrotoxicity (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)

Figure 9. Number of patients receiving systemic treatment on the neoadjuvant stage.
PucyHok 9. Konuyecmso nayueHmoB, nosly4aBwux cUCMeMHoe Jie4eHue Ha HeoadbloBaHMHOM amane.

“ Study group (N=42) Control group (N=42) Statistical indicator m

Febrile neutropenia 2 (4.8%)

Infectious complications 20 (47.6%)

Stomatitis 12 (28.6%)
Esophageal candidiasis 5(11.9%)
Acute cystitis 7 (16.7%)

Diarrhea 11 (26.2%)
Polyneuropathy 8 (19%)
CCT cycle delay 14 (33.3%)

Administration of Filgrastim

(leukopoiesis stumulator) 12(28.6%)

Table 3. Toxicity indicators in patients of the study and control groups

4 (9.5%) x2=0.718 0.397
25 (59.5%) 2= 1197 0.274
19 (45.2%) X = 2.505 0.113
4 (9.5%) Y2=0.124 0.724
8 (19%) X = 0.081 0.776
21 (50%) Y2 =5.048 0.025
11 (26.2%) X2 =0.612 0.434
24 (57.1%) ¥ = 4.805 0.028
22 (52.4%) 2= 4.914 0.026

Tabnuua 3. [Mokazamenu mokcu4yHocmuU y nayueHmoB uccnedyemoll u KoHmpoabHoU epynn

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.

m 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

142

of barium meal from the stomach (12 IQR [7;16] vs. 17 IQR
[12;20], p=0.003), clinical assessment of tumor stenosis,
p=0.010, presence of sarcopenia (39% vs. 57.1%, p=0.032),
nutritive status (35.58% vs. 52.38%), p=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], p=0.02, vascular
wall permeability in the tumor area 10.9£12.3, p=0.011),
pathological response, p=0.022) and in terms of safety: delay
of the next cycle of pharmacological treatment (33.3% vs.
57.1%), p=0.028, use of the leukopoiesis stimulation drug
(28.6% vs. 52.4%). w=
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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 |. Moseeyv,
Sergei D. Zuev-Ratnikov, Anna A. Shishkina, 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 ZMWT, 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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AHanus pe3ynbraTOB NpUMEHEHUA HOBOIo noaxoaa
K npeaﬁunmauuu nauyueHToB Npu TOTAJIbHOM
JHAONPOTE3NPOBAHUUN KOJIEHHOIO CyCtdBa

I.N. KotenbHukos, A.B. KoncaHos, [.C. Kyaawes, O.U. Mocees,
C.[. 3yeB-PaTHukoB, A.A. LUnwkunHa, [.A. JONrywKkuH

®Irb0OY BO «CamMapckuii rocyaapCTBEHHbIN MEAULIMHCKUIA YHUBEPCUTET»
MwuHsgpaBa Poccun (Camapa, Poccuitckas ®enepaums)

AHHOTaUUA

Iensb: npoBecTH aHANIM3 Pe3yNbTaTOB IPUMEHeHHs HOBOTO MOAXOJa K
peabUIMTaIMH AIHeHTOB ITPH TOTAJIBHOM 3H/I0NPOTe3UPOBAHUH KOJIEHHOTO
cycrasa (TOKC).

Marepuan u MeToasl. B nccienoBanye 6bUIM BKIIIOUEHbI 33 NallMeHTa C
ocreoaptpo3oM (OA) koreHHoro cyctasa III-IV cranuii no knaccudukanuu
Kellgren & Lawrence. 3a 4 Henienv 1o orepanyy Narye Tl PO KOMIUTEKC-
Hoe o6cefioBaHye, BKIIFOYaBIIee KIMHUYEeCKUH 0CMOTP, HIKAJIBI-OIIPOCHUKH

144

(WOMAC, KOOS, BAII), aeurarenbHble Tectsl (2MWT, TUG) u anekrpo-
HelpoMHorpadHIO YeTHIPeXIIaBoy, ABYIVIABOM MBI Gefipa ¥ MKPOHOKHOM
mblipsl. Ha ocHOBe BhIsiBIIeHHOTo Befylero cuHapomMa OA 6oibHbIe ObIIH
CTpaTHUUIMPOBAHBI HA TPY ITOATPYIIIIB! B 3aBUCHMOCTH OT BepUUIUPOBaH-
HOTo ¢eHoTHIA (XPOHUIECKOH 6OJIH, BOCIAIMTENBHBIX X OHMOMEXaHUIeCKUX
HapylleHu#). B cooTBeTcTBUU C pa3pabOTaHHBIM HAaMM HOIXOIOM K
npeabunuranuy nanueHTos mpu TOKC kaxmoit moarpymie nanyueHToB 6bu1
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TRAUMATOLOGY AND ORTHOPEDICS

Ha3HaYeH MHUBUYaIbHBIH KOMIUIEKC, BKIIOYABIIHN KaK OOIIHe MepOIIPHSITHS
UL BCeX OOJBHBIX, TaK U Crielruieckyie IPOoIefyphl A KXKIOH IOATPYIIIIBL.
Pesynbrarbl. AHaIM3 pe3yibTaToB 3a 72 Yaca o olepalyy U 4epe3 72 Jaca,
4 u 12 uvenens nociie TOKC npoeMoHCTPUPOBa, 4TO B IOONEPAMOHHOM
Teproie TaIUeHThl JOCTUTIA CTATUCTHIeCKY 3HAYUMBIX YITydIIIeHUH B BUIIE
cHrKeHus 6aywioB 1o mkaae WOMAC no 38,0 (37,0; 39,0), ymeHbIeHus
6omu mo BAIII mo 6,0 (5,0; 6,0) 6anna u yBesrueHus okasaTesie IBHUra-
TeJILHOHM aKTUBHOCTHU 06CIIelyeMbIX MBI, B mocneonepanyionHoM nepro-
nie Ha cpoke Habmonenus 12 wenens nocsie TOKC oTMevanu noyHoIeHHOe

KJIMHHKO-(YHKIMOHAILHOE BOCCTAHOBJIEHHe, TIO/ITBeprKIaeMoe pe3ysIbTaTaMu
1o mkasiam-onpocarnkam WOMAC, BAIII, tecty 2MWT: 15,0 (14,0; 17,0)
6asta, 1,0 (0,0; 1,0) 6amna, 154,06 + 11,73 MeTpa COOTBETCTBEHHO.
BriBopbl. PazpaboranHblii nojaxon k npeabunmuranuu obecrieduBaeT
CTAaTUCTUYECKY 3HAYMMOE YITydIlIeHUe KITMHUKO-GYHKIIMOHATIBHOTO COCTOSHUS
TIAIMeHTOB KaK B JI0-, TaK U B MOC/IeonepanuoHHoM nepuoziax npu TOKC.
KuroueBrle c10Ba: TOTaqbHOE SHAOIPOTE3UpPOBaHUe, KOJIeHHBIN CyCTaB,
0CTe0apTpo3, NpeabuIUTaIysl, YIOBIeTBOPEHHOCTh, KaUeCTBO XKU3HU.
KoH@nukT NHTepecoB: He 3asBJIeH.
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Cnucok cokpauieHuin

TIKC — ToTanbHoe aHaonpoTeaMpoBaHue KosleHHoro cyctasa; OA — 0CTeoapTpos;
OTNM — o6oralleHHas TpoMGoLuTammn nnasma; ACBD — aytonornyHas cTpomMasnbHo-
BackynsipHas cdpakums; AKKM — ayTokneTku KpacHOro KOCTHOMO MO3ra;

OHMI — anekTpoHeiipomuorpacus; BALL — BusyanbHas aHanoroeas wkana.
MonyueHo: 04.02.2026

0Opo6peHo: 20.02.2026

Ony6nukosaHo: 20.03.2026

m 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

www.innoscience.ru

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].

145


http://www.innoscience.ru
https://doi.org/10.35693/SIM702187
https://orcid.org/0000-0001-7456-6160
mailto:g.p.kotelnikov@samsmu.ru
https://orcid.org/0000-0002-4144-7090
mailto:a.v.kolsanov@samsmu.ru
https://orcid.org/0000-0001-8002-7294
mailto:d.s.kudashev@samsmu.ru
https://orcid.org/0009-0004-6821-7035
mailto:o.i.moseev@samsmu.ru
https://orcid.org/0000-0001-6471-123X
mailto:stenocardia@mail.ru
https://orcid.org/0000-0003-0586-8039
mailto:a.a.shishkina@samsmu.ru
https://orcid.org/0000-0003-3681-5044
mailto:d.a.dolgushkin@samsmu.ru

TPABMATOJIOTMNA N OPTOMNEANA

Tom 11 (2) 2026

Hayka u UHHOBauUuK B MeauLuHe

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 arthroplasty! and the software
product “Program for the Determination of a Customized
Prehabilitation Complex for Total Knee Arthroplasty”? are
important prospective tasks of the present-day traumatology
and orthopedics.

m AIM
To analyze the results of applying a new approach to the
prehabilitation of patients with total knee arthroplasty (TKA).

m 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).

! 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 x
10%L, ESR above 20 mm/h, C-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

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.

PucyHok 1. BbinonHeHue nayueHmom uuyeckozo ynpaxHeHus —
msiza 00HoU Ho2oU B UCXOOHOM NOJIOXEHUU J1exa Ha CnuHe C
omsizoweHueM 20 k2 Ha 6J10KOBOM mpeHaxepe.

www.innoscience.ru

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 2. SMT therapy of the affected knee joint of a patient of the
first subgroup using the Amplipulse-5 device (Russia).

PucyHok 2. CMT-mepanusi nopaxxeHHO20 KOJleHHO020 Cycmasa
nayueHma nepsol Nnodz2pynnbl C NOMOWbI0 annapama
«Amnnunynbc-5» (Poccus).
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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”!. 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.

m 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
+ 7.48t0 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 ZMWT: 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

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)

KOOS “Pain” (points) 49.0 (41.0;53.0)
KOOS “Difficulty of performing household .
activities” (points) 39.0(36.0;49.0)
KOOS “Sports and leisure activities” (points) 5.0 (5.0;10.0)
KOOS “Quality of life assessment” (points) 23.71+7.48
WOMAC (points) 52.48 + 7.67
VAS (points) 7.0 (6.0;7.0)
2MWT (meters) 108.0 (96.0;115.0)
TUG (seconds) 14.01 (11.47;16.37)
m. biceps femoris 29.91 +1.43
ENMG -
(mkV) m. rectus femoris 40.66 + 1.59
m. gastrocnemius 31.39+1.33

54.0 (50.0;58.0)
51.0 (50.0;54.0)

51.0 (50.0;54.0)
10.0 (5.0;15.0)

52.29 + 2.52 70.03 + 3.79 74.48 + 3.05
53.0 (51.0;58.0) 69.0 (67.0;71.0) 75.81 + 3.94
51.0 (50.0;52.0) 70.58 + 2.84 75.23 + 3.48

10.0 (10.0;10.0)

70.0 (65.0;70.0)

75.0 (70.0;75.0)

47.0 (43.0:49.0) 34.0 (31.0;37.0) 73.0 (71.0;75.0) 78.10 + 3.36
38.0 (37.0;39.0) 34.0 (31.0;37.0) 24.0 (23.0;26.0) 15.0 (14.0;17.0)
6.0 (5.0;6.0) 5.0 (4.0;5.0) 4.0 (3.0:4.0) 1.0 (0.0;1.0)
115.0 (110.0;122.0)  100.11 + 19.87 142,68 + 15.91 154.06 + 11.73
14.20 (11.32;16.58) 15.48 + 3.71 10.19 +1.77 9.56 + 1.55
36.32+2.15 32.06 + 1.64 42.1 (40.8:42.7) 42.28 + 2.55
45.35+1.77 41.05 + 1.46 51.76 + 1.68 60.1 (58.1:61.3)
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
Tabnuuya 1. Pesaynbmamsl 0UeHKU KIUHUKO-(PYHKUUOHAIbHO20 COCMOSIHUS NAUUEHMOB Ha BCeX CPoKax HabnmodeHus

B 00- U NOC/ieonepayuUoHHOM nepuodax

ICertificate of State registration of computer software No. 2025662976 dated 23.05.2025.
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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.

m 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 ZMWT 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.

m 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 ZMWT 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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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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TeHaeHUMN MOPPONOrMYecKkux NU3SMeHeHUmn
KOJIeHHbIX CYCTaBOB, BbifiBIieMble
npu ynbTpa3sBykKOBOW BU3yanusauum

A.C. MoukuH, J1.B. MowkuHa, K.[1. XonukoBa, IN.A. KproukoB
@®rb0Y BO «OpnoBckuin rocynapcTBeHHbIn yHuBepcuTeT uMenn U.C. TypreHesa (Open, Poccuitckas Pegepauus)

AHHOTaumsA

Ilenb: OleHUTH XapaKTep YJIBTPAa3BYKOBBIX M3MEeHEeHU HeKOTOPBIX CTPYKTYP
KOJIEHHBIX CyCTaBOB CpeJlH ITallMeHTOB, 00paTHBIIUXCs 32 aMOy/IaTOpHOi Me-
JIUIIMHCKOM ITOMOIIIBIO.

Marepuan u Metoasl. O6ceoBans! 380 106poBoIbLEB B Bo3pacTe oT 18 j10
86 stet. Mcrionb3oBanock auarHocrideckoe obopynosanue SonoAce R7. Pesyiib-
TaThl BHOCWIMChH B 3JIeKTPOHHBIE TabJIUIb], C IIOCIIeAYIOIel IPYIITUPOBKON U
CTaTUCTAYECKUM aHaJIM30M C Hcrojib3oBanreM MS Excel, IBM SPSS Statistics
20, noctpoenws rpaduKOB paciipesesieHys cpectBamu StatSoft Statistica 10.
Pesynbrarel. Cpe[lHUI BO3PACT yYaCTHUKOB HaOJIIO[eHUs], Y KOTOPBIX ObIIIK
BbIsIBJIeHbI KUCThI Befikepa, cocraBui 57,9+9,1 rona, cperu MyxxuuH 56,5+8,5
rofia, y >keHiuH 58,3+9,2 roza. IIpu3Haky 0CTe0apTpUTa B BUjie 3a0CTPeHHUs!
KpaeB CYCTaBHbIX [IOBEPXHOCTEH U BbIpa’KeHHbIX 0CTEOPUTOB ObIIIU BbIsIBIIE-
HbI cpenu 67,3% Habmropenui (256 ciyydaes). Cpeny My>KYHH JIaHHBIE T1PO-

sIBJIeHUH ObUIM BbIsIBIIeHBI B 56,1%, a cpenu skeHyH B 75,9%. I1posiBiienus
cuHOBHUTA Habopanucey B 22,1% (84 ciyuast), cpenu MyxduH B 24,4%, y
sxerinyH B 20,4%. Kuctor Befikepa quarHocTHpoBaHb! B 23,7% HabIII0neH!i
(90 citywaes), cpenut My>kau B 12,2%, y sxeHums B 32,4%. OTMedeHa cxoxast
JMHAMHUKA Pa3BUTHUS CTPYKTYPHBIX U3MEHEHHI KOJIeHHBIX CyCTaBOB, He3a-
BHMCHMO OT I10J1a TTal[ieHTOB.

3axurrouenue. OripesiesieHre STHONIOTUH TTaTOJIOMMYECKUX U3MEeHeHHi, OLleHKa
YX POJIM B Pa3BUTHH COMYTCTBYIOLINX CUMIITOMOB U BEPOSITHBIX OCJIOKHEHHI
1103BOJISIET MOBBIIIATh 3GPEKTUBHOCTb IMAarHOCTUKU U JIedeHHs], BBIOUPaTh
OIITUMAJIbHYIO TAKTHUKY BeIeHHs [l eHTOB.

KutroueBsIe ci10Ba: KOJIEHHBIHN CyCTaB, 0CTe0ApTpPUT, KicTa belikepa, ynbsrpa-
3BYKOBAsi IMArHOCTHKA.

KoHQnuKT MHTepecoB: He 3asiBJIeH.
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m INTRODUCTION

mong 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].

152

m AIM

To evaluate the nature of ultrasound changes in some
structures of the knee joints among patients seeking outpatient
medical care.

m 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.

m 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, Me: 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
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Figure 1. Diagram of the normality of the probable age distribution
(years) among men and women in the study.

PucyHok 1. [JuazpamMma HopMasibHOCMU BeposimHO20
pacnpedeneHus Bo3pacma (iem) cpeou My>HYUH U XEHUUH B
HabnoeHuu.
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Figure 2. Diagram of the normality of the probable distribution of
hyaline cartilage thickness (mm) among men and women in the study.

PucyHok 2. [JuazpamMMa HopMaibHOCMU BeposimHo20
pacnpedeneHusi MonWUHbI 2uaiuHoOBO20 Xpsiua (MM)
Cpeou My>HUH U XXeHWUH B HabmodeHuu.

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%.
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Figure 3. Age range diagram for men and women
in cases of Baker’s cysts diagnosis.
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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.

m 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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Range diagram for hyaline cartilage thickness, mm
(with diagnosis of Baker’s cysts)
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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.
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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
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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].

m 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. P
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A rare cause of spleen abscess

Igor V. Makarov, Boris D. Grachev, Evgenii S. Lopukhov
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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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Pepnkasa npnyuHa abcuecca ceneseHKu

W.B. Makapos, b.[1. lpaues, E.C. JlonyxoB

Pre0yY BO «Camapckuin rocynapCTBEHHbIN MEAULIMHCKUA YHUBEPCUTET
MwuHznpaBa Poccun (Camapa, Poccuitckas Pepepaums)

AHHOTaums

Abcrecc cenie3eHKH Kak CaMOCTOsATelIbHOe 3a00/IeBaHre COCTABIIseT He 6oriee
1% oT 06111ero YKcIa OCTPHIX XUPYyPriudecKux 3a00IeBaHI OPraHoOB GpIOII-
HOM monocTy. JuarHocTrka abcriecca ceneseHKy CII0KHA U MasiodbdeKTHBHa
6€3 HUCIOJb30BAHHUSI HHCTPYMEHTAIbHBIX METOJIOB, CPeJli KOTOPBIX OCHOBHOE
sravenrie umeroT Y3U u KT. ITo 30% abcrieccoB cene3eHKy M3IeYrBalOTCa
B pe3yJibTaTe KOHCepBaTUBHOTO jiederws. CrioCco6bl OMepaTUBHOTO JIeYeHHst
BKJTIOYAIOT B Ce0sl KAK COBPEMeHHbIe MAJIOMHBA3UBHBIE, TAK U TPATUITHOHHbIE
OTKPBITBIE XUPYPrAYECKHe BMEIIaTeIbCTRa.

JleTanbHOCTH TipH abCIiecce Cee3eHK  0CTaeTCst BBICOKOH — 10 50%.

B craTbe npeyicTaBieHo KIMHHYeCKOe Hab/oneHHe — abCece Ceyle3eHKH y
MAI[MEeHTKH CTapYeCKOro BO3pacTa, BepOsSTHO 3MOOJIMYeCKOro reHesa, pas-
BUBIIMICS HAa $oHe Gubprstiun npencepauii. O60CHOBBIBAETCS OTKa3 OT
WCIIO/Ib30BaHMsI MAJIOMHBA3MBHBIX M OPraHOCOEperaroIiix CoCo60B JiedeHHUst
B I0JIb3y CIUIEHIKTOMMUH JIATAPOTOMHBIM JIOCTYIIOM.

KurroueBsle c1oBa: cesle3eHKa, abCIieCc Cene3eHKH, CIIEHSKTOMHS], KOMITbIO-
TepHast ToMorpadusi, GUOpUILISIMS Tpeicepayi.

KoHQnuKT MHTepecoB: He 3asBJIeH.

[ns uMTUpOBaHUs:

Makapos W.B., I'paues B.[., Jlonyxos E.C. Peakas npuunHa abcuecca ceneseHku. Hayka
u uHHoBayuu B MeduyuHe. 2026;11(2):157-161.

DOI: https://doi.org/10.35693/SIM678968

CBefieHust 06 aBTOpax

Makapos WU.B. — o-p men. Hayk, npoceccop, 3aBeayoLmin kacdenpoit obLiein

XUPYPrUM U XUPYprisvecknux GonesHeii.

ORCID: https://orcid.org/0000-0002-1068-3330

E-mail: i.v.makarov@samsmu.ru

*I'payeB Bopuc [IMMTpUEBUY — KaHA. Me[. HayK, AOLIEHT, BPa4-XMpypr XMpypriuieckoro
otaenenmst Nel KNMHUKKM NPONeaeBTUHECKOR XUPYPritu.

ORCID: https://orcid.org/0000-0002-4778-9518

E-mail: b.d.grachev@samsmu.ru

Nonyxos. E.C. — kaHA. Meq. HayK, QOLEHT, 3aBeAyoLLMiA XPYPrMYeckum
otaenexneM Nel KIMHWKW NPONeAeBTUYECKOW XUPYPruu.

ORCID: https://orcid.org/0009-0001-5894-3197

E-mail: e.s.lopuhov@samsmu.ru

*ABmop Ans nepenucku

MonyuyeHo: 28.04.2025

Opo6peHo: 25.12.2025
Ony6nukoBaHo: 20.03.2026

m 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

www.innoscience.ru

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.

m 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°C 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°C in the evenings, that the
patient herself considered manifestations of a respiratory
infection. Gradually, the fever became hectic (up to 38.4°C
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
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Figure 1. CT scan of patient N. Coronal projection.

PucyHok 1. KomnbtomepHas momoepacpus 6onbHol H.
KopoHanbHas npoekyusi.

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°C. 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 sofft,
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: 118x96x109 mm.
The greater part of the organ is occupied with a hypodense
homogenous mass of irregular shape, size: 110x78x84 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 pmol/L, urea 8.1 umol/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%;
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Figure 2. CT scan of patient N. Axial projection.

PucyHok 2. KomnstomepHast momozgpacpus 6onbHol H. AkcuanbHasi
npoekyus.

Figure 3. CT scan of patient N. Sagittal projection.

PucyHok 3. KomnstomepHas momozpacpust 60bHol H.
CazummarnbHas npoekyus.

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
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Figure 4. Separation of the splenic-colon ligament. The moment of
opening of the spleen abscess.

PucyHok 4. Pa3deneHue ceneseHo4HO-060004HOU cBsi3KU. MomeHm
BCKpbIMus abcuecca ceneseHKu.

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.

m 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

159


http://www.innoscience.ru

XNPYPINA

Tom 11 (2) 2026

Hayka u UHHOBauUuK B MeauLuHe

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.

m 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. P=
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