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In the context of the war in Ukraine, where many wounded people face peripheral nerve injuries, experimental
studies of sciatic nerve transection can help in improving surgical techniques, for example, neurorrhaphy or nerve
transplantation, as well as in developing new pharmacological approaches to stimulating regeneration. The femoral
nerve, in turn, provides innervation to the anterior group of thigh muscles, and its damage leads to impaired gait
and stability, which is also a common problem among combat victims. The results obtained are of great importance
for neurophysiology, experimental medicine and rehabilitation. They can be used in such areas as improving reha-
bilitation methods after peripheral nerve damage, developing approaches to electrical stimulation of denervated
muscles to prevent their atrophy. Deepening knowledge about the mechanisms of neuromuscular adaptation to
denervation, which may be useful in neurosurgery. The study showed that with partial neurotomy, the muscle retains
significant functional activity due to residual innervation. Complete loss of innervation in the early stages leads to a
sharp decrease in excitability, but even under such conditions, adaptive processes occur that maintain the basic level
of chronaxy. This emphasizes the need for timely restoration of nerve connections or the use of electrical stimulation

to prevent muscle tissue atrophy.
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Connection of the publication with planned re-
search works.

The study was conducted within the framework of
the scientific theme of the Department of Clinical Anat-
omy, Anatomy and Operative Surgery «Study of the
Morphogenesis of Organs and Tissues in Experimental
Animals and Humans under the Influence of External
and Internal Factors in Ontogenesis», state registration
number 0124U005025.

Introduction.

Peripheral nerve injuries are a serious problem in
military medicine and traumatology, as they can lead
to significant loss of limb function, chronic pain and a
long rehabilitation period. In combat conditions, periph-
eral nerve damage is often a consequence of explosive
and gunshot wounds, accompanied by extensive soft
tissue damage and bone injuries [1, 2]. Restoration of
nerve function is a complex and long-term process that
requires innovative approaches to treatment, including
the use of transplants, electrical stimulation and regen-
erative therapy [3].

Analysis of injuries among Ukrainian servicemen
after the start of the full-scale invasion of the Russian
Federation indicates a high prevalence of polytrau-
mas, in particular explosive injuries of the extremities,
accompanied by injuries to the peripheral nerves. The
main means of preventing traumatic injuries remains a
bulletproof vest, but additional measures are needed to
protect the extremities and reduce the severity of inju-
ries [1].

A promising area of research is the development of
new approaches to the regeneration of nerve fibers, in-
cluding the use of bioengineered transplants and electri-
cal stimulation therapy. Studies on animal models show
that mine-explosive injuries of the lower extremities are
accompanied by significant damage to nerve structures
and microcirculatory disorders, which complicates re-
generation [4].

In modern conditions, when Ukraine is experienc-
ing a protracted armed conflict, the issue of studying

injuries to the peripheral nervous system, in particular
the sciatic and femoral nerves, is becoming particularly
relevant. War results in a significant number of injuries,
among which nerve damage to the lower extremities is
a common phenomenon due to blast injuries, gunshot
wounds, and mechanical injuries [5]. Experiments on
sciatic and femoral nerve transection allow for a deeper
understanding of the mechanisms of regeneration, de-
generation, and functional recovery of nervous tissue,
which has a direct connection with the development of
effective treatment methods for victims [6].

One of the key aspects is that the sciatic nerve, as
the largest nerve in the human body, plays a critical role
in providing motor activity and sensitivity to the lower
extremities. Its damage often leads to paralysis, loss of
sensitivity and chronic pain, which significantly worsens
the quality of life [7]. In the context of the war in Ukraine,
where many wounded people face such injuries, exper-
imental studies of the transection of this nerve can help
improve surgical techniques, such as neurorrhaphy or
nerve transplantation, as well as in the development of
new pharmacological approaches to stimulate regenera-
tion [8]. The femoral nerve, in turn, provides innervation
to the anterior group of thigh muscles, and its damage
leads to impaired gait and stability, which is also a com-
mon problem among combat victims [9]. Against the
background of the war in Ukraine, the relevance of such
studies is also reinforced by the need to quickly return
the wounded to active life [10]. In particular, experi-
ments on animal models with sciatic and femoral nerve
transection allow us to study the effects of inflamma-
tion, ischemia, and stress on nervous tissue, factors that
are typical of combat injuries [11]. The results of such
studies can contribute to the development of rehabilita-
tion programs aimed at restoring limb functions, which
is critically important for veterans and civilians who have
suffered injuries [12].

Modern publications emphasize the importance of
such experiments in the context of neurotraumatology.
For example, studies of the mechanisms of nerve regen-
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eration are actively covered in the works of Ukrainian
and foreign scientists, who emphasize the need to inte-
grate experimental data into clinical practice [13]. In war
conditions, this becomes even more important due to
the increase in the number of patients with traumatic
lesions of the peripheral nervous system [14]. Thus, the
study of sciatic and femoral nerve transection is not only
a fundamental scientific task, but also a practical contri-
bution to solving the medical challenges caused by the
war.

The study of the mechanisms of sciatic nerve regen-
eration is a relevant area of research, since its damage
can significantly affect the motor function of the limbs.
In this regard, various methods of stimulating nerve re-
generation are being considered, including chemoge-
netics, electrical stimulation, neurotransplantation, and
modeling of traumatic injuries.

The aim of the study.

To analyze the dynamics of changes in the bioelectric
activity of the neuromuscular system under conditions
of nerve damage.

Object and research methods.

The study was conducted at the Department of Phys-
iology of Dnipro Medical University. The morphological
study involved 40 white outbred sexually mature rats,
taking into account the experimental groups — from 180
to 200 g. Throughout the entire period of preparation
for the experiment and during its conduct, the rats were
kept in the vivarium of the Dnipro State Medical Univer-
sity, at a temperature of 20-25°C, humidity of not less
than 50%, in a well-ventilated room and a light regime
of day / night, in standard plastic cages with dimensions
of no more than five individuals in each with a stan-
dard diet: the daily requirement of an adult animal is
on average 30-32 g (25 g of sour cream feed, 5-7 g of
vegetables (control group). All rats that took part in the
experiment had a healthy appearance and were active.
The experiment was performed in compliance with the
rules for conducting work on experimental animals, with
observance of the principles of humanity set forth in the
directives of the European Community and the Decla-
ration of Helsinki. The experiment to study changes in
the excitability of the calf muscle was performed under
general anesthesia with sodium thiopental at a dose of
50 mg / kg of rat body weight, administered intraperito-

neally. Stimulation with rectangular electrical pulses was
performed through bipolar electrodes inserted into the
middle part of the calf muscle at a distance of 5 mm; the
evoked response was recorded bipolarly by electrodes
inserted into the tendon areas of the muscle. Excitabil-
ity indicators such as threshold (P) and chronaxie were
analyzed. Standard electrophysiological equipment was
used (ESU-2 electrical stimulator, UBP 2-03 amplifier, an-
alog-digital device with data registration and processing
on a computer). The results obtained were processed
using statistical methods. Variational statistical process-
ing of the study results was performed using the pro-
gram «STATISTICA 10» Enterprise Portable (2011, ENG)
with the determination of the main variational indica-
tors: mean value (M), standard error (m) and standard
deviation (o). The reliability of the obtained results was
determined using the Student’s test. The odds ratio
(OR), standard error and 95% confidence interval (Cl)
were calculated using the MedCalc calculator.

Research results and their discussion.

In the control group, the average excitation thresh-
old was 0.12£0.001 mA, and chronaxie was 70.6+3.1 ps.

After sciatic nerve transection (on the 3rd day after
neurotomy), a slight increase in the excitation threshold
to 0.13£0.001 mA was observed, which may indicate
compensatory innervation mechanisms. At the same
time, chronaxie decreased to 60.6+3.1 ps, which may in-
dicate changes in the electrophysiological properties of
the muscle (table).

Table — Indicators of electrical excitability
of the calf muscle

Transection of the sciatic | Transection of the sciatic
nerve and femoral nerves
Threshold, Chronaxy. us Threshold, | Chronaxy,
mA (s mA Us
Control | 0,120,001 | 70,6%3,1 | 0,120,001 | 70,6%3,1
3days | 0,13+0,002 | 60+3,2* | 0,15+0,002 | 58,0+3,0*
7 days |0,38+0,002* 70+3,2 |0,50+0,003*| 75,0+3,2*

Note: * — p<0.05.

In the case of the perineural and femoral nerves,
after 3 days the excitation threshold increased 3.2 times
to 0.38+0.001 mA, indicating a significant decrease in
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muscle excitability. The loss of both
nerves deprives the muscle of normal

electrical stimulation, which causes a
Df decrease in the functional activity of
membrane ion channels responsible for
the generation of action potentials. This
confirms the classical concept of de-
nervation, according to which, with the
loss of nerve input, the muscle loses its
ability to respond to normal stimuli, and
its excitability is significantly reduced
(fig. 1).

Chronaxy remained almost at the
level of the control group (70£3.1 ps),
which may reflect the peculiarities of the
adaptation mechanisms of muscle tissue
to deeper neurotomy. In contrast to the
expected increase in chronaxy during

Figure 1 — Excitability threshold of the calf muscle during transection

of the sciatic and femoral nerves.

deep denervation, its stable level (70+3.1
ps) indicates adaptive mechanisms of
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the muscle, which may include, firstly,
changes in the composition of mem-
brane ion channels (an increase in the | 80
number of sodium or calcium channels | g
that support the action potential), and
secondly, the transition of some mus- 60
cle fibers to a more «slow» phenotype, | 50
which is less sensitive to short electrical
. 40
impulses. The cause may also be the de-
velopment of compensatory increased | 30
activity of intramuscular mechanisms of | 5
action potential generation.
On the 7th day after neurotomy, a sig- 10
nificant increase in the threshold values | ¢
of the intensity of stimulation was es-
tablished (0.38 mA for 1 nerve and 0.50
mA for 2 nerves), which indicates the
progression of dystrophic changes due to
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2 nerve

1nerve

m Control m3days m7days

the loss of somatic innervation and, along
with this, neurotrophic effects on the side
of the spinal cord motor neurons. Perhaps this is a man-
ifestation of degenerative changes in the most sensitive
part of the nerve fibers — the end plates — which accompa-
nies the disruption of the connection of the skeletal mus-
cle with the neuron innervating it, as well as an increase in
the number of cholinergic receptors in the sarcolemma of
denervated muscle cells. At the same time, the chronaxie
index returned to the level of the control group or even
increased (70 us and 75 ps, respectively), which may be a
consequence of compensatory restructuring on the part
of the membrane (fig. 2).

Thus, the results obtained indicate that in the first
days after neurotomy, partial preservation of conduc-
tivity is observed due to residual nerve connections and
compensatory processes. At the same time, more pro-
nounced degenerative changes develop after a week,
which is manifested by a progressive modification of the
parameters of skeletal muscle excitability, which may
indicate the activation of regenerative or compensatory
mechanisms, in particular from the autonomic nervous
system.

The results obtained indicate different degrees of
compensation of neuromuscular conductivity. In the
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Figure 2 — Chronaxy of the calf muscle after sectioning the sciatic and femoral nerves.

case of partial neurotomy (section of one nerve), active
compensation is observed due to the residual nerve.
With complete denervation (section of two nerves),
compensation processes are disrupted, which leads to
a sharp decrease in muscle excitability. This emphasizes
the importance of bilateral innervation of muscles for
their functional stability and explains the causes of se-
vere atrophy after complete loss of innervation.

Conclusions.

The study confirms that with partial neurotomy, the
muscle retains a significant level of functional activity
due to residual innervation. Complete loss of innerva-
tion in the early stages leads to a significant decrease in
excitability, but certain adaptive processes are observed
that maintain the basic level of chronaxy. This emphasiz-
es the importance of timely restoration of neural path-
ways or the use of electrical stimulation methods to pre-
vent atrophic changes in muscle tissue.

Prospects for further research.

It is planned to compare electrophysiological chang-
es in the calf muscle with changes in the hemomicrocir-
culatory system and compare them with different peri-
ods after injury.
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3MIHN HEPBOBO MA30BOI0 KOMMJIEKCY IMTKOBOIO M'A3Y MNMPU NOLUKOAXKEHHI
FNAOK NOMEPEKOBOIO TA KPUHOBOIO CMNJIETEHHA
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Y KoHmekcmi giliHu 8 YkpaiHi, 0e 6a2amo MopaHeHUX CMUKAMbCA 3 mpasmamu nepegipudHux Hepeis,
eKkcrepumeHmasnsHi 00CAIOHEHHA Mepepi3ku CIOHUYHO20 Hepsa MOXYyms 0onomMa2amu y 6800CKOHANAEHHI
XipypeiyHUx mexHiK, Hamnpukaao, Helipopagii abo mpaHcnaaHmayii Hepeis, a Makxkox« y po3pobui Hosux
chapmakonoziyHux nioxodie 0o cmumynayii pezeHepayii. CmezHosuli Heps, y ceoto Yepey, 3abe3neyye iHHepeayito
nepeoHbOI 2pynu m’a3ie cmeaHa, i [io2o ypareHHs npu3eooums 00 NopyweHHa Xo0u ma cmilikocmi, U0 MaKoX €
yacmoro npobaemoro ceped nocmpaxcdanux 8id boliogux dili. OMpumMaHi pe3yabmamu Marome 8esuKe 3HaYeHHs
0ns Helipogpizionoezii, ekcrnepumeHmansHoi meduyuHuU ma peabinimauii. BoHU Moxymeb 3Halimu 3a0Cmocy8aHHSA y
makKux cgpepax AK 80OCKOHAAEHHI Memodis peabinimayii nicaa NoWKoOMeHHA nepugepuyHux Hepsis, po3pobuyi
nioxodie 0o enekmpocmumynayii 0eHepsosaHux m’azie 0aa 3anobizaHHA ix ampodii. [Mo2nubaeHHi 3HAHb MpPo
mexaHi3mu Helipom’sazosoi adanmayii 0o eHepsaayii, Wo Moxe cmamu KOpUucHUM y Helipoxipypeii. ocnidxiceHHA
MOKA3as10, W0 npu Yacmkosili Helipomomii m’a3 36epi2ae 3Ha4YHy hyHKYIOHAAbHY AKMUBHICMb 3a80AKU 30UWKOS8Il
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iHHepeauyii. [MlosHa empama iHHep8ayii Ha PaHHIX emanax NPU3eoo0UMs 00 Pi3Ko20 3HUXEeHHSA 36ydausocmi, npome
Hasime y makux ymosax 8iobysaromeca adanmauiliHi npoyecu, axki niompumyroms 6a3o8uli pieeHb XpOHAKCii. Lle
nioKpectoe HeobXiOHICMb CBOEYACHO20 BiIOHOB/EHHA HepB8oa8uUX 38°A3Ki8 ab0 BUKOPUCMAHHA enekmpocmumynayil

0714 3ar1obi2aHHA ampogii M’a30801 MKAHUHU.

Knro4oei cnosa: mpasma, cnuHHOMO3K08i Hep8U, KiHUi8KU, enekmpoghizionozida, mopgonoaisa, wypu, Hepsoso-

MA308Ul KOMMeKc.

38’A30K nyb6niKauii 3 Nn1aHOBMMMU HayKOBO-A0CNIA-
HUMMK poboTamu.

[ocnigreHHA NpoBOAMNOCA B paMKax HAyKOBOT TEMM
Kadeapu KniHiyHOI aHaToMmii, aHaToMmii Ta onepaTMBHOI
xipyprii «JocnigkeHHa mopdoreHesy opraHiB i TKAHUH
Yy eKCnepuMeHTaNIbHUX TBAPWUH | NHOAUHU Mif BNAMBOM
30BHiLUHIX | BHYTPIiWHiX GaKTOpiB B OHTOreHe3i», Homep
LeprkaBHoT peecTpauii 0124U005025.

Bcryn.

Tpasmu nepudepuyHNX HEpBiB CTAHOBAATL CEPINOo3-
Hy npobnemy y BIMCbKOBIi MegMLMHI Ta TPAaBMATOOTrII,
OCKINIbKM MOXYTb NPU3BOAUTU L0 3HAYHOT BTPATU PyHK-
Lii KiHLiBOK, XpOHiYHOro 60110 Ta TpMBanoro nepioay
peabiniTayii. B ymoBax 60MOBMX Aili MOLWKOAMKEHHA
nepudepmuyHNX HEpBIB YacTo € HacniAKOM BUOYXOBMX
Ta BOTHEMaAbHMX MOPaHEHbD, LLLO CYNPOBOANKYIOTbCA 06-
LWMPHUMM YIIKOAKEHHAMM M AKMUX TKAHUH Ta KiCTKOBU-
MK TpaBmamu [1, 2]. BiaHoBNeHHS HepBOBOI GYHKLII €
CKNagHUM i OOBrOTPMBaZIMM MPOLLECOM, WO notpebye
iHHOBALIMHMUX MiAXOAiB Y NiKyBaHHI, BKAKOYAOYM BUKO-
PUCTAHHA TPAHCNAAHTATIB, eNeKTPOCTMMYNALIT Ta pere-
HepaTuBHoOI Tepanii [3].

AHani3 nopaHeHb cepes YKpaiHCbKMX BiliCbKOBOC-
Ny608BLiB MicnA nNoyaTKy noBHOMacwTabHoro BTOp-
rHeHHA P® cBiguMTb NPO BMCOKY MOLWMPEHICTb NOJi-
TpaBM, 30Kpema BMOYXOBMX MOPaHEHb KiHLiBOK, LWO
CYNpPOBOAKYIOTbCA TPaBMaMu nepudepuyHux Hepsis.
OcHOBHMM 3aco60M NPOdINAKTUKM TPAaBMATUUHUX Ypa-
YKEHb 3a/MLWAETLCA BPOHEXUNET, NpoTe HeobXiaHI Ao-
[LATKOBI 3aX04M AN1A 3aXUCTY KiHLIBOK | 3MEHLIEHHSA TAX-
KOCTi nopaHeHsb [1].

MepcnekTMBHMM HanpAMOM AOCAIAXKEHb € PO3P06-
Ka HOBMX MiAxoAiB A0 pereHepaLii HEPBOBUX BOJIOKOH,
BK/IIOYQIOUYM 3aCTOCYBAHHA BiOIHXKEHEepHMX TpaHCMNaH-
TaTiB Ta eNeKTPOCTUMYANALINHOI Tepanii. JocnigxKeHHA
Ha TBAaPMHHWUX MOAENAX MOKa3yoTb, WO MiHHO-BUOYXOBI
NOPaHEHHA HUMKHIX KiHLIBOK CynpOBOAMKYKOTbLCA 3HAY-
HUM MOLUKOAMKEHHAM HEPBOBUX CTPYKTYP Ta MiKpoLMp-
KYNATOPHUX PO3aAiB, LLO YCKNALHIOE pereHepauito [4].

Y cyyacHMX ymoBax, Koniu YKpaiHa nepexuBae 3a-
TAXHUA 36PONHUI KOHPIKT, NMUTAaHHA BUBYEHHS TPaBM
nepudepmnyHoi HepBOBOI CUCTEMM, 30KPEMA CiIAHUYHOTO
Ta CTErHOBOro HepBiB, HabyBae 0cob6/MBOI aKTyaNbHO-
cTi. BiliHa npM3BOANTbL 40 3HAYHOT KiIbKOCTi MOPaHEHD,
cepen AKMX NOLWKOOKEHHSA HEPBIB HUMKHIX KiHLiBOK € NO-
LWMPEHUM ABULLEM Yepe3 BUOYXOBI TpaBMU, BOrHeMNab-
Hi NopaHeHHA Ta MexaHiuHi ywKkoasKeHHsa [5]. Ekcnepu-
MEHTWU 3 Mepepi3Ku CiAHUYHOrO Ta CTErHOBOrO HepBy
[03BONAOTb MMbLe 3p03ymiTM MexaHi3sMu pereHepa-
uii, aereHepad,ii Ta PyHKLiOHANbHOrO BiAHOBAEHHS Hep-
BOBOI TKAaHWHM, WO MAE NPSMUIA 3B'A30K i3 po3pobKoto
edeKTUBHUX MeToAiB NiKyBaHHA ANA NOCTparKAanumx [6].

OgHMM i3 KNHOYOBMX aCMNEKTIB € Te, WO CiAHUYHWUMI
HepB, OyayyM HaMbGINbWIMM HEPBOM JOACBLKOIO TiNa,
BiZlirpae KPUTUYHY po/ib y 3abe3neyYyeHHi pyxoBoi aKTuB-
HOCTI Ta YYTAMBOCTI HUXKHIX KiHLBOK. MOro nolKoaxeH-
HA YaCTO NPU3BOAMUTL A0 Napanivy, BTPATM YyTAMBOCTI Ta

XPOHiYHOro 60110, WO CYTTEBO MOTIPLUYE AKICTb }KUTTA [7].
Y KOHTEeKCTi BiliHM B YKpaiHi, Ae 6arato nopaHeHuX cTu-
KaloTbCA 3 TAKMMM TPAaBMaMMU, eKCNepUMeHTabHI A0CAi-
OXEHHA Nepepi3ku LbOoro HepBa MOXKYTb AOMOMaraTu y
BAOCKOHA/IEHHI XipypriYHUX TEXHIK, HanNpuKnaa, Helpo-
padii abo TpaHcnNaHTaLil HEPBIB, a TaKOX Yy pPo3pobui
HOBMX GapPMaKONOrYHMX MigXoaiB 40 CTUMYAALi pere-
Hepal,ii [8]. CTerHoBMIA HepPB, Y CBOIO Yepry, 3abesneyye
iHHepBaLito NepeAHbOI rpynu m’s3iB cTerHa, i Moro ypa-
YKEHHA NPU3BOAUTL A0 MOPYLUEHHS XO4M Ta CTIAKOCTI,
LLLO TAKOXK € YACTOl Npobaemoto cepes NOCTPaAKAANNX
Big, 60ioBumx 4in [9]. Ha Tni BiltHM B YKpaiHi akTyanbHicTb
TaKUX AOCAiAMeHb NiAKPINAOETLCA We 1 HeobXiaHicTo
LWIBMAKOIO MOBEPHEHHA MOPAHEHMX A0 aKTUBHOTO XUTTA
[10]. 30Kpema, eKCNepMMEHTM Ha MOAENAX TBApPWUH i3
nepepi3kol CifHMYHOrO Ta CTErHOBOrO HepBiB [A03BO-
NATb BUBYATU BMJMB 3anMasibHUX NPOLECIB, iwemii Ta
CTpecy Ha HepBOBY TKAHWUHY — GaKTOPK, AKI € TMNOBMMMU
ons 6onosumx Tpasm [11]. Pe3ynbTaTn TakMX AOCNIAKEHD
MOKYTb CNpUATK po3pobui peabinitauiliHux nporpam,
CNPAMOBAHMUX Ha BiAHOBNEHHA QYHKLIM KiHLIBOK, WO €
KPUTUYHO BaXK/NIMBUM /19 BETEPAHIB Ta UMUBINBbHMX OCIb,
AKi 3a3HaNN ywKoaKeHb [12].

CyyacHi nybnikaLii nigKpecntooTb BaXKAMBICTb TAKUX
EeKCNepuMEHTIB Y KOHTEKCTi HelpoTpaBmartonorii. Ha-
NpUKNag, LOCNIOXKEHHA MeXaHi3MmiB pereHepawii Hep-
BiB aKTMBHO BUCBIT/IIOIOTbCA B po6OTax yKpaiHCbKUX Ta
3apybiXKHMX YYEeHUX, AKiI HAaronoLWyTb Ha HEOBXiAHOCTI
iHTerpauii ekcnepmMmeHTaNbHUX AAHUX Y KAiIHIYHY NpaK-
TuKy [13]. B ymoBax BiliHM Lie HabyBa€e A0AaTKOBOIO 3Ha-
YeHHA Yepes3 3pOCTAHHA YMC/A MALEHTIB i3 TPaBMaTHY-
HUMMK yparKeHHAMMU nepudepunyHoi HepPBOBOI CUCTEMU
[14]. TaKMM YMHOM, BUBYEHHSA NEPEPi3KM CiAHUYHOTO Ta
CTErHOBOro HepBy € He nuwe GyHAAMEHTANIbHOK Hay-
KOBOIO 3a/1a4€t0, @ M NPAKTUYHUM BHECKOM Y BUPILLEHHA
MeAUYHUX BUKAUKIB, CNPUYMHEHMX BiIHOLO.

BuBYeHHA MmexaHi3miB BiAHOBNEHHA CiAHWYHOrO
HepBa € aKTyaJIbHUM HaMpPAMOM A0CAIAXKEHb, OCKiNIbKK
MOro NOLKOAMKEHHA MOXKYTb CYTTEBO BMJIMBATU HA PyXO-
BY OYHKLitO KiHUIBOK. Y 3B'A3KYy 3 UMM pPO3rnAafatoTbeA
pi3Hi meToan CTMMmynALil pereHepaLii HepBa, BKAOYa-
HOUYM XEMOTEHETUKY, €NEeKTPOCTUMYAAL0, HEMPOTPaH-
CNMAHTALII0 Ta MOZAENIOBAHHA TPAaBMATUYHUX YLUKO-
[LKeHb.

Merta gocnigeHHs.

MpoaHaniszyBaT AMHAMIKY 3MiH Bio€NEeKTPUYHOI aK-
TUBHOCTI HEepPBOBO-M’'A30BOiI CMCTEMWU 33 YMOB MOLLUKO-
[O)KEeHHA HepBa.

O6’eKT i meTOAU AOCNiAXKeHHSA.

[JocniaxkeHHa nposoanau Ha Kadeapi disionorii Hi-
NPOBCbKOr0 MeAUYHOro yHiBepcuTeTy. Y mopdonoriyHo-
My AocCnigKeHHi 6yno 3agiaHo 40 6inmx 6esnopoaHux
CTaTeBO3PI/IMX LLypa, BPaxOBYOUYM eKcrnepumMeHTasb-
Hi rpynu — Big 180 go 200 r. YBecb nepioa NiaroToBKM
[0 eKCrepuMeHTy Ta nif Yac MOoro NpoBeAeHHA, LWypwn
3Haxoaunmca y Bisapii JHiNpOBCbKOro AepaBHOro me-
LVYHOTO yHiBepcuTeTy, npu Temnepatypi 20-25°C, sono-
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rocti He meHw 50%, y nobpe nposiTpe-

HOMY NPUMILLEHHI Ta CBITOBOMY peXMMi 06
[eHb / HiY, y CTaHAAPTHUX MAACTUKOBUX
KNiTKax 3 po3mipamu, He bBinbw n’'stm 05
OCOOMH Yy KOXHOI Mpu cTaHZapTHOMY ot
s

pauioHi xapuyBaHHA: gobosa notpeba
[0pPOCNOI TBAPUHU CTAHOBUTbL Y cepen-
Hbomy 30-32 r (25 r cMeTaHHOTo Kopma, 03
5-7 r oBouiB (KOHTpo/sibHa rpyna). Yci
LLYPW, AKI NPUIRHAIM y4acTb Y eKcrnepu- 02
MEHTi, Manu 340pOBUIM BUINAL, | Byan
aKTMBHUMM. EkcnepumeHT BuKoHaHwit | 0.1
3 [AOTPMMAHHAM NpaBUA MNPOBEAEHHA
pobiT WoA0 eKcnepuMeHTaNbHUX TBa- 0
PUH, 3 [OAEpXKaHHAM MPUHUMNIB Ty-
MaHHOCTi, BUKNAAEHUX B AUPEKTUBAX
€BponencbKoro cnisToBapucTea Ta lenb-
CIHKCbKOI geknapauii. EkcnepmeHT no

1 Heps 2 HepBa

H KoHTpone W3 poba E7 pgoba

OOCNIAXEHHIO 3MiH 36yANMBOCTI IUTKO-
BOro mM’A3y NpoBOAWAM Nif, 3arafibHOO

PucyHok 1 — Mopir 36ygnmBocTi AMTKOBOro m’a3y npu nepepisi cigHU4YHOro

Ta CTerHoBoro HepBiB.

aHecTesi€lo TiONeHTa/IOM HaTpito B A03i
50 Mr/Kr macu Tina uiypa, BBeAEHOro iH-
TpanepiToHeanbHO. [loapasHeHHA enek- | 80
TPUYHUMW  iIMNYIbCAaMU  NMPAMOKYTHOT
dopmu 3gilcHIOBaAN Yepe3 binonsapHi
€NeKTpoaM, WO BBOAWAM B CepefHto | 60
YacTUHY IMTKOBOrO M’A3a Ha BigcTaHi 5

70

. . . 7. | so
MM; BigBeAeHHA BUK/MKaHOI BignoBiai

34iicHIoOBann  BinonApHO eneKktpoga- | 40
MU, BBEOEHUMU B CYXOXWUAbHI AOinAH- -

KM M'A3y. AHanizyBanu TaKi MOKasHUKM
36yanmBocTi, AK nopir (M) Ta xpoHakcia. | 20
BuvKopucToByBanacb CTaHAapTHa efiek-
TpodisionoriyHa anapaTypa (enektpo-
ctumynatop ECY-2, nigcuntoBau YBN | o
2-03, aHanoro-unMdpoBun NpuUCTpin 3
peecTpauieto Ta 0bpobKO AaHUX Ha
Komn’toTepi). BapiauiliHO-CTaTUCTUYHE

10

1Heps

mEontpome® 300062 W 7 goba

06pobNeHHA pe3ynbTaTiB AOCNIAKEHHA
6yN0 BMKOHAHe 3a AOMNOMOrol nporpa-
Mu «STATISTICA 10» Enterprise Portable (2011, ENG) 3
BM3HAYEHHAM OCHOBHMWX BapiauiiHUX MOKAa3HUKIB: ce-
peaHs BenndmHa (M), cepeaHs noxmbka (m) Ta cepeaHe
KBagpaTuyHe BiaxuneHHAa (o). [JOCTOBipHiCTb oTpuma-
HUX pe3yNbTaTiB BM3HA4YaNAM 3a AOMNOMOTOK KPUTEPIto
CTblogeHTa. BigHoweHHA waHcis (BLU), ctaHgapTHY no-
XMBKy Ta 95% poBipunii iHTepsan (1) po3paxoByBanu 3a
Jonomoroto Kanbkynatopa MedCalc.

Pe3ynbratu AocnigyKeHHA Ta ix 06roBopeHHs.

Y KOHTPOAbHIM rpyni cepegHiin nopir 36yaxeHHs
cknagas 0,12+0,001 mA, a xpoHakcia — 70,613,1 mKc.

Micna nepepisku CigHWYHOrO HepBsa (Ha 3-Tio 406y
nicna HelpoTomii) cnocTepiranocb HesHayHe niaBu-
LEeHHsA nopory 36yaxeHHs ao 0,13+0,001 mA, wo moxke
BKA3yBaTM HA KOMMEHCATOPHIi MeXaHi3mu iHHepBaLlii.
BogHouac xpoHakcia 3meHwwunaca o 60,613,1 mKc,
O MOM)KEe CBiAYMTN NPO 3MiHW B eneKkTpodisionoriyHmnx
B/JIaCTMBOCTAX M’A3a (Taba.).

Mpn nepeTuHi CiAHWYHOTO Ta CTErHOBOrO Hep-
BiB yepes3 3 gobu nopir 36yaKeHHA 3pic y 3,2 pasun Oo
0,38+0,001 MA, LLO BKA3yE HA CYTTEBE 3HUMKEHHA 36ya-
nmBocTi m’A3a. BTpaTa 060x HepsiB no3basnse m’'s3
3BUYAMHOI €NIEKTPUYHOI CTUMYAALIT, WO CNpUYMHAE
3MeHLWEeHHA (PYHKLIOHA/NbHOI aKTUBHOCTI MeMBpaHHUX
iOHHMX KaHaniB, BigNOBifaNbHMX 32 reHepaL,ito NoTeHL-

PUCYHOK 2 — XpOoHaKcia IMTKOBOro m’a3y npu nepepisi CigHMYHOro Ta CTErHOBOrO HepBiB.

any gji. Ue niaTBeparKye KNAacMYHy KOHLUEeNLio ageHepBa-
Lii, 32 AKOIO NpW BTPATI HEPBOBOTO BM/IMBY M’Si3 BTPAYaE
3[aTHICTb BiAMNOBIAATM Ha HOPMasibHI CTUMYAU, @ MOro
36yAAMBICTb 3HAYHO 3HUKYETLCA (pUc. 1).

XpOHaKCia 3anMWwnnaca mamke Ha piBHi KOHTPOJb-
Hoi rpynu (70+3,1 MKc), WO MoOKe BigobpaxaTM oco-
6AMBOCTI afanTauiMHUX MexaHi3MiB M’130BOT TKaHUHMU
0o rmmbwoi HelpoTomii. Ha BiamiHy Big, ouikyBaHoro
36iNbLIEHHA XpOHaKCii Npu rMuboKin aeHepBsauji, ii cTa-
6inbHMIA piBeHb (70+3,1 MKc) CBig4MTb NpPO aganTau,ini-
Hi MexaHi3aMun m’A3a, AKi MOXKYTb BK/OYATU NO-MeplLue,
3MiHW Y CKN1agi iOHHUX KaHaniB membpaHu (36inblleHHs
ymcna HaTpieBMx abo KaNbLLEBMX KaHaNiB, WO NigTPMUMY-
I0Tb MOTEHLian Aii), no-apyre — nepexig 4acTMHU m’a30-

Tabnunua — MNoKasHUKKU eNeKkTpu4Hoi 36yanmnsocTi
NUTKOBOro m’A3a

MepeTuH MepeTuH cigHWYHOro
CigHNYHOro HepBa Ta CTErHOBOIO HepBa
Mopir, XpoHakcis, Mopir, XpoHakcis,
MA MKC MA MKC
KonTpons| 0,12+0,001 | 70,6+3,1 | 0,12+0,001 | 70,643,1
3 noba 0,13+0,002 | 60+3,2* | 0,15+0,002 | 58,0+3,0 *
7 poba |0,38+0,002 *| 70+3,2 |0,50+0,003 *| 75,0+3,2 *

Mpumitka: *p<0,05.
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BMX BOJIOKOH Yy Binbll «MOBIIbHUN» GpeHOoTUN, WO MeHL
YYTIMBUIA [0 KOPOTKUX ENEKTPUYHUX iMMY/bCiB. TaKoX
NMPUUYNHOK MOXKe BYTU PO3BUTOK KOMMNEHCATOPHOTIO MO-
CUNEHHS aKTUBHOCTI BHYTPILLHbOM 30BUX MEXaHi3MiB
reHepaLii noteHuiany Aii.

Ha 7-ii aeHb nicnsa HelpoTomii 6yno BCTaHOBAEHO
3HaYHe 3pOCTaHHA MOPOroBMX 3HAYEHb IHTEHCUBHOC-
Ti noapasHeHHs (0,38MA ans 1 Hepsa Ta 0,50 mA agns
2 HepBiB), O BKAa3y€E Ha NpoOrpecyBaHHA AUCTPOPIUYHNX
3MiH Yepes BTpPaTy COMATUYHOI iHHepBaLji Ta pa3om 3
UMM — HEMPOTPODiIYHMX BMNAUBIB 3 HOKY MOTOHEMPOHIB
CMUHHOTO MO3Ky. MOXMBO, Lie NPOAB AereHepaTUBHUX
3MiH HalbinbW YyTNMBOI AiNAHKM HEPBOBMX BOJIOKOH
— KiHLEBWX MJIaCTUHOK, LLO CYMNPOBOAMKYE MOPYLUEHHA
3B’A3KY CKe/NIeTHOro M’A3y 3 iHHepBYOUYMM 1Oro Helpo-
HOM, @ TaKOX 306i/IbLLUEHHSM KiZIbKOCTi X0NiHOpeuenTopiB
capKo/sieMu 3 iIeHepPBOBAHUX M A30BMX KNITUH. OgHOoYac-
HO MOKAa3HMK XPOHAKCii NOBEPTABCA A0 PiBHA KOHTPO/b-
HoT rpynu abo HaBiTb 36inblwyBaBca (70 MKc Ta 75 MKc
BiANOBIAHO), WO MOXKe ByTV HacNiZKOM KOMMeHcaTop-
Hoi nepebynosu 3 6oky membpaHu (puc. 2).

TakMm YMHOM, OTPMMaHi pe3ynbTaTh CBig4aTb Npo
Te, WO y nepuwi AgHi nicna HeMpoToMmii crnocTepiraeTbcs
YyacTkoBe 36eperKeHHA NPOBIAHOCTI 38 PaXyHOK 3anuLu-
KOBMX HEPBOBMX 3B’A3KiB Ta KOMMNEHCATOPHMX NPOLLECIB.
BogHouac uepes TUXAEHb PO3BMBAOTLCA biNbll BU-
pakeHi JereHepaTuBHI 3MiHM, WO MPOABAAETLCA NPO-
rpecytodoto  mogmodiKauiero napamertpis 36yanmeocTi

CKeNeTHOro M’A3a, LLO MOXKe BKa3yBaTW Ha aKTUBALLlO
pereHepaTMBHUX ab0 KOMNEHCATOPHMX MeXaHi3miB, 30-
Kpema 3 60Ky BereTaTMBHOI HEPBOBOT CUCTEMMU.

OTpuMaHi pe3ynbTaTM cBig4aTb NPO pPi3Hi CTyneHi
KOMMeHcaLii HepBOBO-M’s130B0Oi NpOBiAHOCTI. Y pasi ya-
CTKOBOI HelipoToMil (nepepiska ogHOro HepBa) cnocrepi-
ra€TbCA aKTMBHA KOMMEHCcaLLifl 33 paXyHOK 3a/1MLLIKOBOTO
Hepsa. Mpu1 NoBHi AeHepBaLlii (nepepi3Ka ABOX HepBiB)
npouecru KomneHcauii nopyLwyTbea, Wo Npu3BogUTb
00 Pi3KOro 3HUXeHHA 36yaamnsocTi m’sa3a. Lle nigkpec-
JIIOE BAXKNMUBICTb ABOCTOPOHHbLOI iHHEpBaLii m'A3iB ana
iXHbOT GYHKLiOHaNBbHOI CTabiNbHOCTI Ta NOACHIOE NPUYKU-
HM BaXKKoi aTpodii nicna noBHOI BTpaTH iHHepBaUi;ji.

BucHoBKM.

JocnifrKeHHs NiagTBepasKYE, WO NPU YacTKOBIN Helt-
poTomii m’sa3 36epirae 3Ha4yHU piBeHb GYHKLiOHANAbHOT
aKTMBHOCTI 3aBAAKM 3a/IMWKOBIN iHHepBauii. MoBHa
BTpaTa iHHepBaULii Ha paHHIX CTPOKax Beae A0 3HAYHO-
ro 3HUXKEHHA 36yA/MBOCTI, ane Npu LbOMy criocTepira-
I0TbCA MEBHi aganTauiliHi npouecu, Wo NiATPMMYOTb
6a30BUIA piBeHb XpOoHaKCii. Lle nigkpecntoe BaXKAMBICTb
CBOEYACHOTO BiZHOBNEHHA HEPBOBMX LUAAXIB ab0 3acTo-
CyBaHHA METOZIB efNleKTpocTUMynALii Ana 3anobiraHHA
aTPOdiYHMM 3MiHaM y M’A30BIN TKAHWHI.

MepcnekTMBM NOAANbLUUX [OCNIAMKEHD.

MnaHyeTbca 3icTaBUTUM enekTpodisionoriyHi 3miHu B
JIMTKOBOMY M’53i 3i 3MiHAMUW reMOMiIKPOLUMPKYAATOPHO-
ro pycna i 3ictTaBuT 3 pisHMMK Nepiogamm nicia TpaBmu.
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3MIHU HEPBOBO MA30BOIro KOMMJIEKCY JIMTKOBOIO M’A3Y NPU NOLWKOAXKEHHI TJIOK NMONEPEKOBO-
ro TA KPUXKOBOIO CNNETEHHA

KowapHuii B. B., boiiko E. M., A6gyn-Orau /1. B., TkaueHKo C. C., KywiHapboBa K. A.

Pestome. Tpasmu nepndepuyHmMx HePBiIB CTAHOBAATb CEPMNO3HY NPobaemy y BiiCbKOBIN MeaMLMHI Ta TPaBMaTo-
NOril, OCKINbKN MOXKYTb NPU3BOAMTI A0 3HAYHOI BTPATU PYHKLT KiHLiBOK, XpOHiYHOro 60/1t0 Ta TpMBasioro nepiogy
peabiniTauii. B ymoBax 601 10BUX Al NOLWKOAMKEHHA NnepudepUUHNX HepBiB 4acTo € HaCNiAKOM BUMBYXOBUX Ta BOTHe-
nasibHUX NOPaHEHb, WO CYNPOBOAKYHOTHCA OOLUMPHUMM YIIKOAKEHHAMM M AKMUX TKAHMH Ta KiCTKOBMMU TPaBMaMu.
MeToto gocniaskeHHaA 6yno NnpoaHanisyBaTv AMHaMIKY 3MiH 6ioeneKTpMUYHOT aKTMBHOCTI HEPBOBO-M’A30B0OI CUCTEMMU
32 YMOB MOLUKOAMEHHA HEPBa.

TaKMM YMHOM, OTPUMaHI pe3y/ibTaTh CBiAYaTb NPO Te, WO Y NepLUi AHi Nicaa HeMPOTOMIi CnoCcTepiraeTbca YacTKo-
Be 3bepesKeHHs NPOBIAHOCTI 33 PaxyHOK 3a/IMLLKOBMX HEPBOBMX 3B’A3KIB Ta KOMMNEHCaTOPHUX npouecis. BogHouvac
yepes TUKAEHb PO3BUBAIOTLCA Biflbll BUPAXKEHi AereHepaTUBHI 3MiHW, WO NPOABAAETLCA NPOrpecyoyoto Moandi-

434

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2025 — Bun. 1(176) / Bulletin of problems in biology and medicine — 2025 - Issue 1(176)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



MOP®»ONO0rIf / MORPHOLOGY

KaLi€eto napameTpis 36yANMBOCTI CKENIETHOTO M’A3a, WO MOXe BKa3yBaTM HA aKTMBALLiO pereHepaTMBHUX abo Kom-
neHcaToOpPHUX MexaHi3miB, 30Kpema 3 HOKy BereTaTMBHOI HEPBOBOT CUCTEMM.

OTpuMmaHi pe3ynbTaTu CBiAYaTb NPO Pi3Hi CTyneHi KoMneHcaLii HepBOBO-M’A30BOi NPOBIAHOCTI

Y pasi yacTKoBOI HelipoToMii (Nepepiska 04HOrO HepPBa) CNOCTEPIraETbCA AaKTUBHA KOMMEHCAL,iA 32 PpaXyHOK 3a-
JIMLLIKOBOro HepBa. Mpwu NoBHIM AeHepBaLii (nepepiska ABOX HEPBIB) MPOLECU KOMMEHCALLT MOPYLYOTHCA, WO NpU-
3BOAMNTDb [10 Pi3KOr0 3HMMKEHHS 36yanMBOCTi M’A3a. Lie NigKpecntoe BaxKANBICTb IBOCTOPOHHbOI iHHepBaLii m’s3iB gns
IXHbOI PYHKLIOHA/IbHOI CTabiNIbHOCTI Ta MOACHIOE NPUUYMHKM BaXKKOT aTpodii nicasa noBHOI BTpaTh iHHepBaLii. OTpu-
MaHi AaHi MaloTb BaXK/IMBE 3HAYEHHA ANA Helpodisionorii, ekcnepMmeHTaIbHOI MeguUMHK Ta peabinitauii. BoHM
MOXKYTb BYTM BMKOPUCTaHI ANA: onNTMMIi3auii peabiniTauiiHUX MeToAiB Micaa YWKOAKEHHA NepudPepuyHnX HepBiB;
PO3pO6KM CTpaTeriii eNnekTPoCTUMYNALIT AeHepBOBaHUX M'A3iB AnA 3anobiraHHA ix aTpodii; rmnbworo po3ymiHHA
MeXxaHi3miB Helipom’A30B0Oi aganTau,ii 4o AeHepBaL,ii, Lo MOXKe BYyTU KOPUCHUM Y HEMPOXIPYPTiYHIA NPaKTUL.

Knro4oBi cnosa: TpaBMa, CIMHHOMO3KOBI HEPBM, KiHLiBKK, enekTpodisionoria, mopdonoria, Wypu, HEPBOBO-MS-
30BMIH KOMMNJIEKC.

CHANGES IN THE NEUROMUSCULAR COMPLEX OF THE CALF MUSCLE IN CASE OF DAMAGE TO THE BRANCHES
OF THE LUMBAR AND SACRAL PLEXIS

Kosharny V. V., Boyko E. M., Abdul-Ogli L. V., Tkachenko S. S., Kushnareva K. A.

Abstract. Peripheral nerve injuries are a serious problem in military medicine and traumatology, as they can lead
to significant loss of limb function, chronic pain and a long rehabilitation period. In combat conditions, peripheral
nerve injuries are often the result of explosive and gunshot wounds, accompanied by extensive soft tissue injuries
and bone injuries. The aim of the study was to analyze the dynamics of changes in the bioelectric activity of the
neuromuscular system in conditions of nerve damage.

Thus, the results obtained indicate that in the first days after neurotomy, partial preservation of conduction is
observed due to residual nerve connections and compensatory processes. At the same time, more pronounced
degenerative changes develop after a week, which is manifested by a progressive modification of the parameters
of skeletal muscle excitability, which may indicate the activation of regenerative or compensatory mechanisms, in
particular from the autonomic nervous system.

The results obtained indicate different degrees of compensation of neuromuscular conduction

In the case of partial neurotomy (section of one nerve), active compensation is observed due to the residual
nerve. With complete denervation (section of two nerves), compensation processes are disrupted, which leads
to a sharp decrease in muscle excitability. This emphasizes the importance of bilateral innervation of muscles for
their functional stability and explains the causes of severe atrophy after complete loss of innervation. The obtained
data are of great importance for neurophysiology, experimental medicine and rehabilitation. They can be used for:
optimizing rehabilitation methods after peripheral nerve injury; developing strategies for electrical stimulation of
denervated muscles to prevent their atrophy; deeper understanding of the mechanisms of neuromuscular adapta-
tion to denervation, which may be useful in neurosurgical practice.

Key words: trauma, spinal nerves, limbs, electrophysiology, morphology, rats, neuromuscular complex.
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