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experiment by exsanguination under thiopental anesthesia. Histological micropreparations and semi-thin sections
were prepared from the thyroid gland, on which the area of the arteries, their lumen, the area of the intima,
adventitia, Vaughanworth and Kernoghan indices, the area of endothelial cells, their nuclei, nuclear-plasma ratios,
and the volume of damaged endothelial cells were determined. Quantitative indicators were processed statistically.

It has been established that resection of the left and right lateral lobes of the liver in rats leads to hypertension
in the portal system and significant remodeling of the arteries of the thyroid gland, which is characterized by an
increase in the area of the arteries, media, adventitia, an increase in the Wogenworth index, a decrease in the area
of the lumen, intima, endothelial cells, a decrease in the Kernoghan index, a decrease in the permeability of the
studied vessels, damage to endothelial cells, endothelial dysfunction, deterioration of the blood supply to the organ,
hypoxia, dystrophy, necrosis of tissues and cells, foci of cellular infiltrates, sclerosis. The established morphological
changes in the arteries of the thyroid gland dominated in the combination of postresection portal hypertension with
multiple organ failure.
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ANALYSIS OF THE DYNAMICS OF FEMORAL BONE TISSUE DENSITY UNDER

EXPERIMENTAL HYPODYNAMIA
Danylo Halytsky Lviv National Medical University (Lviv, Ukraine)
masna.zz@gmail.com

Hypodynamia, caused by reduced physical load and a general decrease in physical activity in modern humans,
has a negative impact on the body overall and on bone tissue in particular. A study conducted on 20 white outbred
sexually mature male rats aged 3-3.5 months and weighing 180-200 g, subjected to experimentally induced hypody-
namia, allowed us to determine its effect on the condition of bone tissue in different regions of the rat femur. Forced
hypodynamia was modeled by immobilizing the lumbosacral region and hind limbs using a plaster cast of the coxite
type, entirely restricting movement in the hip and knee joints.

The density of femoral bone tissue in the areas of the head, neck, greater trochanter, and proximal diaphysis was
assessed using radiovisiographic examination. The unit of tissue density measurement was the conditional gray level
unit (CGLU).

It was established that the highest density values were observed in the greater trochanter, slightly lower in the
femoral head and proximal diaphysis, and the lowest in the femoral neck. After six weeks of immobilization, bone
density decreased compared to normal values by 8% in the femoral head, 5% in the neck, 7% in the greater trochan-
ter, and 2% in the proximal diaphysis. Two weeks after cast removal, density remained below normal by 1% in the
head region, 3% in the neck, 6% in the greater trochanter, and 1% in the proximal diaphysis. The obtained data cor-
respond with the results of other authors and significantly expand our understanding of the effects of hypodynamia
on bone tissue.

Key words: bone tissue, density, hypodynamia, radiological methods, femur.
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Connection of the publication to planned research
work.

The study was conducted within the framework
of the planned research project of the Department of
Normal Anatomy and the Department of Operative
Surgery with Topographic Anatomy of Danylo Halytsky
Lviv National Medical University: “Morphofunctional
features of organs in the pre- and postnatal periods
of ontogenesis under the influence of opioids, food
additives, reconstructive surgeries, and obesity” (state
registration number 0120U002129).

Introduction.

The lifestyle of modern humans is closely influenced
by numerous factors associated with globalization,
digitalization, rapid technological development, and
transportation advances. Their effects include a
significant reduction in physical load and overall physical
activity compared to previous

generations. Numerous
studies on sedentary
behavior indicate its

tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes», «General Ethical Principles
of Animal Experiments», adopted by the First National
Congress on Bioethics (Kyiv, 2001), Law of Ukraine No.
3447-1V “On the Protection of Animals from Cruelty” in
accordance with EU Council Directive 2010/63/EU on
the enforcement of regulations, laws, and administra-
tive provisions of the EU Member States regarding the
protection of animals used for scientific purposes [5, 6].
Research results and their discussion.
Measurement of bone density in the rat femur
revealed that the highest values were in the greater
trochanter, slightly lower in the head and proximal
diaphysis, and the lowest in the femoral neck (table).
The analysis of bone density dynamics revealed
distinct patterns in each studied region over the 8-week

Table — Comparison of Bone Tissue Density Dynamics in Different
Regions of the Rat Femur During Prolonged Forced Immobilization
and After Its Removal (CGLU) (Mtm)

negative |.nflue_nce on nearly Study Region
all  physiological systems, -
metabolic processes, and Femoral Femoral Greater Dizr:l:(;:;:l)f
mental  health, bringing Head Neck Trochanter Ferur
Fhe Issue Of. hypodynamla Intact animals 143.92+6.06 | 131.2846.25 | 156.80+8.49 | 136.32+7.53
into the medical and social - —
domain. Modern medical 3 weeks of immobilization 141.65+5.42 | 130.314£3.70 | 153.05+6.03 | 139.98+7.97
literature contains works 4 weeks of immobilization 140.08+4.01 | 131.04+2.68 | 149.97+2.32 | 143.73+3.31
devoted to studying the |5 weeks of immobilization 136.2343.48 | 129.18+2.51 | 148.29+4.89 | 137.32+2.01
effects of physical inactivity |6 weeks of immobilization 132.08+4.73 | 125.33%2.73 | 146.2643.50 | 133.54+2.22
on chronic diseases [1] and [¢ : T

weeks of immobilization + 2 weeks
the relationship between |without fixation 135.1#3.76 | 127.13+2.17 | 147.03+2.94 | 135.13+2.05
physical activity and

musculoskeletal pathology, particularly bone pathology
[2-4].

The aim of the study.

To determine the effect of hypodynamia of different
durations on bone tissue in various regions of the rat
femur.

Object and research methods.

The study was conducted on 20 white outbred
sexually mature male rats aged 3-3.5 months and
weighing 180-200 g. Animals were kept on a standard
vivarium diet at Danylo Halytsky LNMU with free access
to water, stable temperature, and humidity. They were
divided into a control group (5 rats) and an experimental
group (15 rats). Forced hypodynamia was modeled by
immobilizing the lumbosacral region and hind limbs
using a coxite-type plaster cast (reinforced with wire),
completely restricting movement in the hip and knee
joints. Observation periods were 3, 4, 5, and 6 weeks
after immobilization, and 2 weeks after cast removal.

Bone density in the regions of the head, neck, greater
trochanter, and proximal diaphysis of the femur was
measured with a Siemens radiovisiography unit using
TROPHI Radiologi software. The unit of measurement
was the conditional gray level unit (CGLU).

Statistical calculations were performed using
RStudio v1.2.5042 software and Excel spreadsheets
from the MS Office 2010 package using the licensed
STATISTICA program (version 6.1; serial number AGAR
909 E415822FA).

The conducted research does not violate the pro-
visions of the «European Convention for the Protec-

experiment. Bone density in the head, neck, and greater
trochanter began to decrease after three weeks of
immobilization, reaching minimum values by week six.
Meanwhile, bone density in the proximal diaphysis
increased slightly during the first four weeks compared
to normal, but began decreasing from week five and
reached its minimum by week six. After six weeks of
immobilization, density decreased compared to controls
by: 8% in the head,5% in the neck, 7% in the greater
trochanter, 2% in the proximal diaphysis of fe mur.Two
weeks after cast removal, bone density increased in all
regions but remained below control values:1% lower in
the head, 3% lower in the neck, 6% lower in the greater
trochanter, and 1% lower in the proximal diaphysis.

Given the high frequency of femoral injuries and
pathologies of the hip joint, the obtained results have
both theoretical and practical significance. Scientific
literature contains contradictory data on the effects of
hypodynamia on bone health. For example, studies by
Cao Y. et al. (2024), Chen Y. et al. (2024), and Wang X.S.
et al. (2024), Guo C. et al. (2025), Fayad I. et al.(2025)
Jeng B, Motl RW (2024) report associations between
physical activity and osteoporosis risk [2-4, 7-9].
However, Gudmundsdattir S.L. et al. (2024) found that
sedentary behavior is not a definitive predictor of low
bone mineral density or fractures [10]. Both perspectives
align with our findings, which show differing degrees of
density loss in different femoral regions during forced
hypodynamia.
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Conclusions.

1. Forced 6-week immobilization leads to a
pronounced decrease in bone tissue density of the rat
femur.

2. The dynamics of bone density reduction under
experimental hypodynamia vary between different
anatomical regions of the femur.

3. Two weeks after removal of the immobilization
cast, bone density increases but remains lower than in
intact animals.

DOI 10.29254/2077-4214-2025-4-179-312-317
YOK 611.718.4-018.4:612.015.31:612.76-08
HoezaH P. P., MacHa 3. 3.

Prospects for further research.

The established patterns of qualitative and quanti-
tative changes in bone tissue under experimental hypo-
dynamia of varying duration may provide a theoretical
basis for improving current and developing new meth-
ods of preventing pathological bone changes in individu-

als subjected to prolonged immobilization

AHANI3 AUHAMIKMU LWLINIBHOCTI KICTKOBOI TKAHUHU CTETHOBOI KICTKU
HA T/11 EKCMEPUMEHTA/IbHOI NNOAUHAMII

[OHMN «JIbBiBCbKMiA HALiOHaNbHUI MeAUYHUA YHiBepcuTeT imeHi laHuna NaanubKoro»
(m. NbBiB, YKpaiHa)
masna.zz@gmail.com

FinoduHamis, BUKAUKAHA 3HUMCEHHAM (Di3U4HO20 HABAHMAMEHHA MA 30207bHUM 3MEHWEHHAM @hi3UYHOI
aKMuUBHOCMI Cy4acHoOI M0OUHU MAE 3a2aabHUll HeeamueHuli 8MaAU8 HA 0P2AHI3M MA 3MiHU 8 KiCmKo8ili MKaHUHI
30Kpema. Pe3ynbmamu 00cnioreHHs, nposedeHo2o Ha 20 b6inux 6e3mopodHUX cmameego3pinux Wypax-camuysx
gikom 3-3,5 micaui i macoro 180-200 2., aKUM MOOentosasu suMyWeHy 2ino0UHAMIt0, 00380aUAU 3’dcysamu ii 8naus
HOG CMAH KiCMKOB0I MKAHUHU 8 pi3HUX QiASHKAX CmeaHoB801 KicmKuU wypa. BumyweHy 2inoduHamito mooentosanu
wiAaxom immobinizayil Kpuroeo-ma3o8oi GinSHKU Ma 300HiX KiHUiBOK 2irnco80r0 M08'a3K0K Mo murny KOKCUMHOI, 3
MOBHUM 0OMEMEHHAM pyXi8 y KynbWOo8UX Ma KOAiIHHUX cy2i106ax.

LLlinbHicmb KicmKosoi MKaHUHU cme2aHOo80i KicmKu wypa 8 GinsHUi 20/108KU, WULKU, 8e/UK020 8epmsto2a ma
MPOKCUMQabHO20 8i00iny diaghiza esusHa4anu memooom paodiosizioepagiyHo2o 0ocnioweHHA. OOUHUUA sumipy
WinbHOCMi MKAHUH — yMO8Ha 00uHuuA cipocmi (YOC).

BcmaHosneHo, wo Halisuuwum 00cnioxys8aHi MOKA3HUKU € 8 OifAHYi 8eaUK020 8epmatoea, 0eu0 HUHYUMU — 8
0inAHYi 20/108KU MaA MPOKCUMAAbHOI QinaHKU diaghiza ma HaliHUXYUMU — 8 OinAHYI WUliKu cmez2Ho80i KicmKu. Yepes
6 muMcHie immobinizayii 0ocniorysaHuUli MOKA3HUK 3HUMXCYBABCSA Y MOPIBHAHHI 3 HOPMOHO Ha 8% 8 OinsAHUi 20/108KU, HA
5% 6 dinaHyi wuliku, Ha 7% 6 OinaHUi 8eaUKo20 8epmt02a Mma Ha 2% 8 NPOKCcUManeHil dinaHui diaghiza cmeaHo80i
KicmKu. Yepes 2 muxcHi nicaa 3HAMms iMmmobinizayiliHoi No8’a3ku WinbHiCMb KicmKo8oi MKaHUHU, 3aauWanacs
HUM40t0 8i0 Hopmu Ha 1% 6 0inAHyi 20a08Ku, Ha 3% — wuliku, Ha 6% — 8enuKo2o eepmsroz2d, ma auwe Ha 1% —
MPOKCUMAbHOI 0indHKu diagpiza cmeaHo80i Kicmku. OmpumaHi 0aHi niomeepoxcytome pe3ysibmamu 00Cni0HceHb

iHWuUx aemopis, cymmeso 00Mo8HIOYU IHGOPMAUito U000 8aAUBY 2iMOOUHAMII HO KICMKO8Y MKAHUHY.

Knro4oei cnoea: Kicmkoea mMKAHUHA, WinbHicms, 2inoduHamis, npomeHesi memoou obcmexceHHs, cmeaHo8d

KicmKa.

3B’A30K ny6iKauii 3 nn1aHOBMMMU HAayKOBO-A0CNig-
HUMM poboTamu.

JocnigXeHHA BMKOHAHeE B pamKax MJaHOBOI Hay-
KOBO-A0C/iAHOI poboTn Kadeapu HOpManbHOI aHaTo-
mii i Kadpegpu onepaTuBHOI Xipyprii 3 TonorpadivyHoo
aHaTomiero OHM «JIHMY imeHi daHuna lannubKoro»
«MopdodyHKuioHanbHi 0cobanBOCTI opraHiB y npe-
Ta MOCTHATa/IbHOMY Mepiogax OHTOreHesy, NP BNAUBI
onioiais, Xxap4yoBMx [06ABOK, PEKOHCTPYKTUBHUX One-
pauifax Ta OXMpiHHI» (HOMep AeprkaBHOI peecTpauii
0120U002129).

Bcryn.

Cnocib uTTA cyy4acHoi NtoanHN nepebyBae B TiCHIN
3aNEXHOCTI Bif, YNCNI@HHUX YNHHWKIB, NOB’A3aHMX 3 [10-
6anizauieto, UMPpPOBI3aLLiEtD, CTPIMKMM PO3BUTKOM BU-
POBHMUMX TEXHOAO I | TPAHCMOPTHMX KOMYHiKaLjit. Ix
BMN/IMB Ha OpraHiam nos’A3aHuii, 30KpPema, i3 CyTTEBUM
3HUXKEHHAM ¢i3MYHOr0 HaBaHTAXKEHHA Ta 3araJibHUM
3MEHLEeHHAM Gi3MYHOI aKTUBHOCTI Cy4aCHOT NOANHN Y
NOPIBHAHHI 3 NpeACTaBHUKAaMM nonepesHix MOKONiHb.
Pe3ynbTatv yncneHHMx pocnigxKeHb, NoB’A3aHMX 3 Ma-

NOPYX/IMBUM CNOCOBOM KUTTA 3acBigvyoTh MOro Hera-
TUBHWW BNJIMB HA MPAKTUYHO BCi CUCTEMU OpraHi3my, a
TAaKOX Ha MeTaboniuHi npouecn Ta NCcMxiyHe 340pOB’A,
nepesogAaYn npobnemy rinoguHamii y megmKo-colianb-
HY NAOLWMHY. Y Cy4acHilh HayKOBii MeguyHilt nitepaTypi
3HAXOAMMO MpaLi, NPUCBAYEHI BMBYEHHIO BNAMBY i-
3MYHOI HEAKTUBHOCTI Ha PO3BUTOK XPOHIYHUX 3aXBOPIO-
BaHb [1], @ TAaKOX JOCNIAKEHHIO 3B'A3KY MiXK disnyHO
AKTUBHICTIO Ta 3aXBOPHOBAHICTIO CTPYKTYP OMNOPHO-PYXO-
BOrO anapary i, 30Kpema — KiCToK [2-4].

MeTa gocnigKeHHs.

3’acyBaHHA BNAMBY rinogMHamii pisHoOi TpMBanoCTi
Ha CTaH KiCTKOBOI TKAHUHW B Pi3HUX AiNAHKAX CTErHOBOI
KiCTKM LLLypa B EKCMEPUMEHTI.

O6’eKT i MeToaun A0CNiAXKEHHA.

LocnigxeHHa 6yno BMKoHaHe Ha 20 6innx 6esno-
POAHUX CTAaTEBO3PINMX Lypax-camuAax Bikom 3-3,5 mi-
caui i macoto 180-200 r. TBapuH yTpMMyBaaKM Ha CTaH-
JapTHOMYy pauioHi BiBapito AHM «/THMY imeHi daHuna
lanuubKoro» 3 BiAbHMM JOCTYMOM [0 BOAM, MPW CTa-
Nt Temnepatypi M Bonorocti. TBapuH byno nogineHo
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Ha KOHTpPOsibHY (5 TBapwH)
Ta eKkcnepumeHTanbHy (15
TBapWH) rpynu. BumyweHy

Tabnnua — MopiBHAHHA AWHAMIKM LWiNIbHOCTI KiCTKOBOT TKAHUHM Pi3HUX
OiNAHOK CTErHOBOI KiCTKM Lypa yNnpoAaoBK TPUBANOI BMMYLLEHOI
immobinisauii Ta nicna ii 3aBepweHHa (YOC) (Mim)

rinoguHamito MOoAentoBa- [linAnKa pochiamenHs

N Wwaaxom immobinisauii

KPWXOBO-Ta30BOi  AiNAHKK lonoska Wwidka | o | MPOKCMManbHa
H H H H CTerHosol CTerHosol INAHKa gla@li3a

Ta 3aAHIX KIHLIBOK Tinco- KiCTKM KiCTKM Beptior fTerHoso"cl'"KifTKM

BOIO MOB’A3KOK0 MO  TUNy - " " " "

KOKCUTHOI (3 yKpinAeHHAM IHTaKTHI TBapUHM 143.92+6.06 | 131.28+6.25 | 156.80+8.49 136.32+7.53

MeTanesum ApOTOM), 3 NoB- | 3 TWKHI iMmo6inisauii 141.65£5.42 | 130.31#3.70 | 153.05£6.03 | 139.98+7.97

HUM OBMeXeHHAM PyXiB Yy |4 TwxHi immo6inisauii 140.08+4.01 | 131.04+2.68 | 149.97+2.32 143.73+3.31

KYNIbLUIOBUX Ta KONIHHWUX CYI- | 5 tyxknis immobinizauii 136.23+3.48 | 129.1842.51 | 148.29+4.89 137.3242.01

nobax. Tepminn cnoctepe- (g, g immobinisauii 132.08+4.73 | 125.33+2.73 | 146.26+3.50 | 133.54+2.22

IKEHHA CTaHOBUM 3, 4, 5 | 6 TUXKHIB iIMMOBIiNi3auii + 2 TUXKHI

6 TUMKHIB NicnA HaknageHHA 6e3 dikcauji 4 135.1+3.76 | 127.13+2.17 | 147.03+2.94 135.13+2.05

iMmoG6inisauinHux nos’a3okK
Ta 2 TUXKHI Nicna ix 3HATTA.

LLlinbHiCTb KIiCTKOBOI TKaHMHM CTErHOBOI KiCTKM
Lypa B AiNAHLi rONOBKMW, WWWKK, BEIMKOTO BepTatora
Ta NPOKCMMaNbHOro BigAiny giadiza BU3Ha4yanu meTo-
OOM pagioBisiorpadiyHoro [ocnigKeHHa Ha anapari
dipmu Siemens3 nporpamHum 3abesneyeHHam TROPHI
Radiologi. OgnHuus BUMIpPY WiNbHOCTI TKAHUH — YMOB-
Ha oanHuMuA cipocri (YOC).

CTaTUCTMYHI pO3paxyHKM NpoBedeHi 3 3acTocyBaH-
HAM nporpamHoro 3abesnevyeHHs RStudio v1.2.5042 Ta
eNeKTpoHHUX Tabauub Excel 3 nakety MS Office 2010
3 BMKOPUCTAHHAM JliLeH3inHoi nporpamu STATISTICA
(Bepcia 6.1; cepiltHmii Homep AGAR 909 E415822FA).

MpoBeneHe AOCNIAKEHHA He MOPYLIYE MOJIOXKEHb
«EBpONENCbKOI KOHBeHLIT Npo 3axucT xpebeTHUX TBa-
PUH, AKi BUKOPWUCTOBYIOTbCA ANA EKCnepumeHTanb-
HMUX Ta iHWMX HAYKOBUX Linen», «3araibHUX eTUYHUX
NPUHLMNIB €KCNEPMMEHTIB Ha TBAapWHax», yXBaJeHUX
Mepwum HauioHanbHUM KoHrpecom 3 bioetuku (Kuis,
2001), 3akoHy YKpainu Ne 3447 — IV «[po 3axucT TBa-
PVH Bif, *KOPCTOKOrO NOBOAMKEHHA» 3riAHO 3 ANPEKTU-
Boto Pagu €C 2010/63/EU npo 4OTPMMAHHS NMOCTaHOB,
3aKOHIB, aAMIHICTPAaTUBHUX NonoXKeHb [epxkas €C 3
NUTaHb 3aXUCTy TBAPWH, AKI BUKOPUCTOBYHOTLCA 3 Hay-
KoBOI meTolo [5, 6].

Pe3ynbTaT gocnigKeHHs Ta iXx 06roBopeHHs.

BM3HaYeHHA WiNIbHOCTI KiCTKOBOI TKAHMHM CTErFHOBOT
KICTKM LLypa 3acBigumMao, WO HalBULLMM AOCNIAKYBaHI
NOKA3HWKM € B AiNAHLI BEIMKOTO BEPT/IIOra, AELLO HUXK-
YMMWU — B AiNAHLI FONIOBKM Ta NPOKCMMANbHOI AiNAHKK
Aiadiza Ta HANHMKYMMU — B AiNAHLUI WWIAKK CTErHOBOI
KicTKM (Tabn.).

MpoBeaeHWi aHanis AMHAMIKM LWiIbHOCTI KicTKOBOI
TKaHMHW [aB 3MOry BCTAHOBUTM ocobamBocTi ii nepe-
6iry, xapakTepHi ANA KOXKHOI A0CNiAXKYBAHOI AiNAHKM
YNPOAOBXK 8-M TUXKHIB ekcnepumeHTy. LLinbHicTb KicT-
KOBOT TKAHWUHW TO/IOBKM, LUMIKK Ta BEIMKOrO BepT/tOra
NOYMHANA 3HUMKYBATUCb BXKe MiCNA TPbOX TUNKHIB iM-
mobinizaujii Ta carana miHiManbHMX NOKA3HUKIB Yyepes
6 TUMXKHIB nNicnA noyaTky ekcnepumeHTy. MNpu ubomy
LLiNBbHICTb KiCTKOBOI TKAHWMHWU MPOKCMMANbHOI AiNAHKK
Aiadiza cTerHoBoi KiCTKM ynpoaoBXK Nepmnx YoTUPbOX
TUXKHIB eKCNepMMEHTY AeLo 3p0CTana, y NOPiBHAHHI 3
HOPMOLO, @ MOYMHAOUM 3 N'ATOTO TUMKHSA — 3HUKYBANACh
i cArana MiHiManbHOro 3Ha4YeHHA A0 KiHUA LWOCTOro
TUXKHA. Yepes 6 TUKHIB imMobinisaLii gocniaKysaHuim
NOKa3HMK 3HWMKYBABCA Yy MOPIBHAHHI 3 HOPMOI Ha 8%
B [iNAHL roNoBKK, Ha 5% B AinAHLI WWIAKK, Ha 7% B Ai-
NAHLUI BE/IMKOro BepT/atora Ta Ha 2% B NPOKCUMAaNbHIl

AinaHui giagisa cterHoBoT KicTKM. Yepes 2 TUKHI nicns
3HATTA iIMMOBINi3aLiMHOT NOB’A3KM LWLiNbHICTb KiCTKOBOT
TKAHWUHMU Mana BUPaXKeHy TEeHAEHLiI0 A0 MiABULLEHHA
B YCiX OOCNIAXYBaHUX AiNIAHKAX, 3a/IMLLIAOYUCD, O4HAK,
HUXKYOM, HiXK Y IHTAKTHUX TBApPWH. 30KpPEeMa, HUKYO
Big HOpMM Ha 1% 3aauMLWwanach WinbHICTb KICTKOBOI TKa-
HWUHW FONI0BKM, Ha 3% — LIWNIKK, HA 6% — BEIMKOFO BEPT-
Nitora, Ta ivwe Ha 1% — NpoKCMManbHOI AiNAHKKM aiadisa
CTErHOBOI KiCTKW.

bepyun [0 yBarM BWCOKY 4YacTOTy TPaBMyBaHHA
CTErHOBOi KiCTKM Ta NATONOMNYHMX 3MiH B Ky/bLIOBOMY
cyrnobi, pesynbTaTM BUBYEHHA AMHAMIKM AKOCTI KiCTKO-
BOi TKAHWMHW AOCAIAXYBAaHUX HAMWU CTPYKTYpP 33 YMOBU
BMMYLLEHOI rNOANHAMII MatoTb He TiIIbKM TeOpeTUYHe,
ane 1 BMpaxKeHe NpakTMYyHe 3HavyeHHA. CyyacHa Hay-
KOBa MeAMyHa NiTepaTypa MiCTUTb YacTO NMPOTUAEXKHI
OaHiI Npo BMN/IMB TFiNOAMHAMIi Ha CTaH KiCTOK. 30Kpema,
npaui CaoY, et al. (2024), Chen Y, et al. (2024), Wang XS,
et al. (2024), Guo C. et al. (2025), Fayad I. et al. (2025)
Jeng B, Motl RW (2024) 3acBiguytoTb HafBHICTb 3B’'A3Ky
Mi¥K $Gi3MYHOI0 aKTUBHICTIO Ta 3aXBOPHOBAHICTIO Ha OcTe-
onopos [2-4, 7-9]. Mpwu ubomy pe3ynbTaT AOCNIAKEHD
Gudmundsdéttir SL, et al. nigTBEPAXKYIOTb, WO Masio-
PYXIMBUIA CNOCIO KUTTA HE € OAHO3HAYHOK NPUYMHOK
3HUMKEHHA MiHepanbHOI LWiNbHOCTI KiCTOK Ta iX nepe-
nomis [10]. O6buaBa TBepAKEHHS 3HAXo04ATb NiaTBEp-
OXXEHHA B OTPMMaHUX HaMW pe3ynbTaTax NPoBeAeHOro
OOCNIAMXEHHSA, L0 3aCBiAYYIOTb Pi3HY AMHAMIKY Ta pPi3HY
BUPArKEHICTb 3MiHM KiCTKOBOI LLiIbHOCTI B Pi3HMX 4iNAH-
Kax CTErHoBOI KiCTKK Ha TNi BUMYyLLeHOT immobinisau,ii.

BucHoBKM.

1. BumyweHa 6-TuxkHeBa immobinisauis Bege [0 BU-
Pa*KeHOro 3HMXKEHHA LWLiIbHOCTI KICTKOBOI TKAHUHMK CTer-
HOBOI KiCTKM Lypa.

2. IMHamiKa KiCTKOBOI LWiNbHOCTI Ha TAi ekcnepu-
MEHTA/IbHOI FinoAnHaMIi € pi3HOK B PI3HUX AiNAHKAX
CTErHOBOI KiCTKW.

3. Yepes 2 TWXKHI nicna 3HATTA iMmobinisauinHoi
NOB’A3KM MOKA3HMKM KiCTKOBOI LWiNbHOCTI 3pOCTaloTh,
3a/IMWAKOYUCD NPU LbOMY HMMKUYMMM, HiXK Y IHTAaKTHUX
TBapUH.

MepcneKTMBM NOAANbLUMX AOCNIAKEHD.

Pe3ynbTaTv BUBYEHHA 3aKOHOMIpPHOCTEN 3MiHM AKiC-
HUX | KINbKICHUX MOKA3HWKIB KiCTKOBOI TKAHWUHW Ha TAi
eKCnepMMeHTanbHOoI rinoguHamii  pi3HOI TpMBaNOCTI
MOXYTb CTaTV TEOPETUYHUM NIAFPYHTAM ANA YAOCKOHA-
JIEHHA ICHYIOYMX Ta PO3NPALLIOBAHHA HOBUX ePEKTUBHUX
meToAiB NPodiNakKTUKM NATONOTNYHNX 3MiH KiCTOK y 0oCib
3 BUMYLLEHOI TPUBaAOK imMmobinisauieto.

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 — Issue 4 (179)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

315



MOP®ONOrIA / MORPHOLOGY

References / Nitepartypa

. Bourke E, Rawstorn J, Maddison R, Blakely T. The effects of physical inactivity on other risk factors for chronic disease: A systematic
review of reviews. Prev Med Rep. 2024;46:102866. DOI: 10.1016/j.pmedr.2024. 102866.

Cao Y, Hu Y, Lei F, Zhang X, Liu W, Huang X, et al. Associations between leisure-time physical activity and the prevalence and incidence
of osteoporosis disease: Cross-sectional and prospective findings from the UK biobank. Bone. 2024;187:117208. DOI: 10.1016/).
bone.2024.117208.

Chen, Yu J, Li W, Wang L, Zhou X, Zhuang C, et al. Potential causal association between leisure sedentary behaviors and osteoporosis:
A two-sample Mendelian randomization analysis. Medicine (Baltimore). 2024;103(12):e37467. DOI: 10.1097/MD.0000000000037467.
Wang XS, Chen Y, Zhao YW, Chen MW, Wang H. Assessing the association between a sedentary lifestyle and prevalence of primary
osteoporosis: a community-based cross-sectional study among Chinese population. BMJ Open. 2024;14(6):¢080243. DOI: 10.1136/
bmjopen-2023-080243.

Council of Europe. European Convention for the protection of vertebrate animals used for experimental and other scientific purposes.
Strasburg: Council of Europe; 1986. 52 p.

European Parliament. Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the Protection of
Animals Used for Scientific Purposes. Off J Eur Union. 2010;53(L276):33-79.

Guo C, Dai T, Zhang H, Luo M, Gao J, Feng X. Effect of resistance training on body composition and physical function in older females
with sarcopenic obesity-a systematic review and meta-analysis of randomized controlled trials. Front Aging Neurosci. 2025;17:1495218.
DOI: 10.3389/fnagi.2025. 1495218.

Fayad I, Pinti A, Zouhal H, El Hage R. Sprinting performance correlates with composite indices of femoral neck strength in middle-aged
active men. J Clin Densitom. 2025;28(3):101586. DOI: 10.1016/j.jocd.2025.101586.

Jeng B, Motl RW. Is sedentary behavior associated with body composition in multiple sclerosis? Mult Scler Relat Disord. 2024;92:105922.
DOI: 10.1016/j.msard.2024.105922.

10. Gudmundsdéttir SL, Berger C, Macdonald H, Adachi JD, Hopman WM, Kaiser SM, et al. Sedentary behavior does not predict low BMD nor
fracture-population-based Canadian Multicentre Osteoporosis Study. J Bone Miner Res. 2024;39(3):231-240. DOI: 10.1093/jbmr/zjae004.

-

N

w

&

o

o

N

©

©

AHANI3 AUHAMIKU LLIINBHOCTI KICTKOBOT TKAHUHWU CTEFHOBOI KICTKU HA T/l EKCNEPUMEHTA/IBHOI
rnNoAaNHAMII

AosraH P. P., MacHa 3. 3.

Pestome. CyyacHa HayKoBa meguMyHa niTepatypa MiCTUTb YNCAEHHI npaLi, NpUCcBAYEHi BUBYEHHIO BMNAMBY Fino-
AMHaMiT Ha PO3BUTOK XPOHIYHUX 3aXBOPHOBAHb Ta AOC/IAMKEHHIO 3B'A3KY MiXK Pi3MUYHOI aKTUBHICTIO i NaTo/OriE
KicTOK. MeTa poboTu: 3’acyBaHHA BNIMBY rinogMHaMii pi3HOT TPMBANOCTI Ha CTaH KIiCTKOBOI TKaHWMHM B Pi3HUX Ai-
NIAHKaX CTErHOBOI KiCTKM Wypa B eKcnepumeHTi. [locnigxeHHs BUKOHaHe Ha 20 6invx 6e3nopoaHux ctateBo3pinmx
Lypax-camuax sikom 3-3,5 micsui i macoto 180-200 r. TBapuH 6yn0 NoAineHo Ha KOHTPOAbHY (5 TBapuH) Ta eKkcne-
puMmeHTanbHy (15 TBapuH) rpynu. BumyLueHy rinogMHamito MogentoBaam WASXOM iMMOBini3aLii KpuKoBo-Ta3oBoi
OiNAHKM Ta 3a4HiX KiHLiBOK rincoBoto NoB’A3KOI0 MO TUMY KOKCUMTHOT (3 YKPiNAeHHAM MeTasneBUm 4POTOM), 3 MOBHUM
0BMEKEHHAM PYXiB Y KY/IbLLOBUX Ta KONIHHUX cyrnobax. TepmiHu cnocTepekeHHs cTaHoBuAK 3,4, 51 6 TUXKHIB nicns
HaKNageHHA iIMMo6ini3auiiHMX NoB A30K Ta 2 TUXKHI Nicas ix 3HATTA. LLLiNbHICTb KiCTKOBOT TKAHWMHW CTETHOBOI KiCTKM
Lypa B AiNAHLU| rONOBKM, LWWIAKM, BEIMKOTO BEPT/ItOra Ta NMPOKCMMasbHOrO Bigdiny Aiadisa BM3Ha4YanM mMeTogomM
pagiosiziorpagiuyHoro gocnigxeHHa Ha anapaTi ipmu Siemenss nporpamHum 3abesnedeHHsm TROPHI Radiologi.
OANHMLA BUMIpY LLiABHOCTI TKAHWH — YMOBHa oauHuuA cipocTi (YOC).

BcTaHOBNEHO, L0 HAMBMLLY Li/IbHICTb KiCTKOBA TKAaHMHA MaE B AiNAHLI BE/IMKOro BEPT/Ora, AEW0 HUXKUY — B
OiNAHLi roN0BKM Ta NPOKCUMMA/bHOI AiNAHKK aiadiza, HAWMHWUKUY — B AiNAHLI LWWWIAKKM CTErHOBOI KicTKU. Ha GoHi eKc-
nepuMeHTaNbHOI rinogMHamii WinbHICTb KICTKOBOT TKAHWMHW FOJIOBKM, WMIAKK Ta BEJIMKOTO BEPT/IHOra NOYMHaNA 3HK-
JKYBATUCb BXKe NicNA TPbOX TUXKHIB iIMMO6inisaujii Ta carana miHiManbHUX MOKa3HUKIB Yepes 6 TUXKHIB eKcnepumeH-
Ty. LWLinbHiCcTb KiCTKOBOI TKAHUHU NPOKCMMANbHOI AiNAHKK Aiadisa cTErHOBOI KiCTKM YNPOAOBK NepLInX YOTUPbOX
TUXKHIB €KCNepuUMEHTY [eLlo 3pocTasa, Y NOPIBHAHHI 3 HOPMOLD, @ MOYUHAKOYM 3 M'ATOrO TUNKHA — 3HUMKYBANACH i
cArana MiHiManbHOro 3HaYeHHA [0 KiHLA WOCTOro TUXKHA. Yepes 6 TMxKHIB imMobinisauii gocnigKyBaHM NOKa3HUK
3HUKYBABCA Y NOPIBHAHHI 3 HOPMOIO Ha 8% B AiNAHLj rONOBKK, HA 5% B AiNAHL| WWIAKN, HA 7% B AiNAHL BEIMKOrO
BepT/tora Ta Ha 2% B NPOKCUMabHIN AinAaHui giadisa cTerHoBOT KicTKU. Yepes 2 TUXKHI nicna 3HATTA immobinisauin-
HOT NOB’A3KM LWLiZIbHICTb KICTKOBOI TKAHWHM FO/IOBKM 3a/IMLLIANACh HUMKYOLO BiZ, HOPpMK Ha 1%, WNMKK — Ha 3%, BeNn-
KOro BepT/itora — Ha 6% Ta NPOKCMMaNbHOT AiNsSHKK Aiadi3a CTerHoBoi KicTKM — Ha 1%.

BUCHOBKM: BUMYLLEHA 6-TUXKHEBA iIMMOBini3aLia Beae A0 BUPAXKEHOIO 3HUMKEHHSA LWiZIbHOCTI KICTKOBOT TKAHUHM
CTErHOBOI KiCTKM LLypa; AMHAMIKa KiCTKOBOI LiZILHOCTI Ha TAi eKCnepMMeHTaNbHOI rinoANHaMIl € Pi3HOO B Pi3HMX
AiNAHKAX CTEerHOBOI KiCTKM; Yepes 2 TUXKHI Nicns 3HATTA iMMOo6iNi3aLiiHOT NOB’ A3KM NOKA3HWMKM KiCTKOBOI LLLiIbHOCTI
3pOCTatOTh, 3a/IMLLAKOYMCH NMPU LbOMY HUNKYUMM, HiXK Y IHTAKTHUX TBAPUH.

KntouoBi cnoBa: KicTKOBa TKaHWHA, LLiIbHICTb, rinogMHamisa, NPoOMeHeBi MeToauM 06CTeXKeHHS, CTerHOBa KicTKa.

ANALYSIS OF THE DYNAMICS OF FEMORAL BONE TISSUE DENSITY UNDER EXPERIMENTAL HYPODYNAMIA

Dovgan R. R., Masna Z. Z.

Abstract. Modern scientific medical literature contains numerous studies devoted to examining the effects of
hypodynamia on the development of chronic diseases and the relationship between physical activity and bone
pathology. The aim is to determine the effect of hypodynamia of different durations on bone tissue in various
regions of the rat femur in an experimental setting. The study was conducted on 20 white outbred sexually mature
male rats aged 3-3.5 months and weighing 180-200 g. The animals were divided into a control group (5 rats) and
an experimental group (15 rats). Forced hypodynamia was modeled by immobilizing the lumbosacral region and
hind limbs with a coxite-type plaster cast (reinforced with metal wire), completely restricting movement in the hip
and knee joints. The observation periods were 3, 4, 5, and 6 weeks after the application of the immobilization cast
and 2 weeks after its removal. Bone tissue density in the regions of the femoral head, neck, greater trochanter,
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and proximal diaphysis was determined using radiovisiographic examination with a Siemens device equipped with
TROPHI Radiologi software. The unit of measurement was the conditional gray level unit (CGLU).

It was established that bone tissue density is highest in the greater trochanter region, slightly lower in the femoral
head and proximal diaphysis, and lowest in the femoral neck. Under experimental hypodynamia, bone density in the
head, neck, and greater trochanter began to decrease after three weeks of immobilization and reached minimum
values by the sixth week of the experiment. Bone density in the proximal diaphysis increased slightly during the
first four weeks compared to normal levels, but starting from the fifth week, it declined and reached its minimum
by the end of week six. After six weeks of immobilization, bone density decreased compared to normal by 8% in
the femoral head, 5% in the neck, 7% in the greater trochanter, and 2% in the proximal diaphysis. Two weeks after
removal of the immobilization cast, bone density in the femoral head remained 1% below normal, in the neck 3%
below normal, in the greater trochanter 6% below normal, and in the proximal diaphysis 1% below normal.

Conclusions: forced six-week immobilization leads to a significant decrease in bone tissue density of the rat
femur; the dynamics of bone density changes under experimental hypodynamia differ across various regions of the
femur; two weeks after removal of the immobilization cast, bone density increases but remains lower than in intact
animals.

Key words: bone tissue, density, hypodynamia, radiological methods, femur.
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PECULIARITIES OF BLOOD SUPPLY AND STRUCTURE OF THE SMALL INTESTINE

AND ITS ROLE IN BLAST INJURY
Dnipro State Medical University (Dnipro, Ukraine)
kosha.v@ukr.net

Blast-induced injuries of the abdominal cavity are characterized by high vulnerability of hollow and parenchymal
structures, which is confirmed by numerous clinical and experimental observations. Primary and secondary intesti-
nal perforations are of particular danger, the frequency of which varies depending on the conditions of exposure to
the blast wave. At the same time, injuries to parenchymal organs are recorded in approximately one third of cases
of abdominal blast trauma. Despite the sufficient amount of clinical data on the diagnosis and treatment of such
injuries, the issues of pathogenesis and morphological changes in the early and delayed periods after barotrauma
remain relevant.

The aim of the study was to assess the influence of the acute period of barotrauma on the histomorphometric
characteristics of the small intestine of white rats. The experiment was conducted on 20 animals, divided into control
and experimental groups, for which abdominal barotrauma was simulated under anesthesia. Histological studies of
the proximal small intestine were performed according to standard methods with subsequent morphometric analy-
sis. Statistical processing of the results was carried out using the Student's t-test.

The results of the work allow us to clarify the features of early structural changes in the small intestine after
blast-induced barotrauma and may be useful for further study of the pathogenesis, diagnosis and possible approach-
es to the correction of such injuries.

Key words: digestive tube, small intestine, intestinal wall, mucous membrane, crypts, villi, morphometry, vessels.
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