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Due to the prevalence of tunnel syndromes in the structure of the entire pathology of the peripheral nervous
system and the lack of unambiguous data on the effectiveness of shock wave therapy in their treatment, the topic
of the effect of ultrasound waves on the nerve remains relevant. The aim is analysis of data over the past 5 years
on physiological changes in the peripheral nerve under the influence of ultrasound waves and the effectiveness of
the use of shock wave therapy in the treatment of carpal tunnel syndrome. The use of extracorporeal shock wave
therapy (ESWT) in clinical practice is based on the biological effect of ultrasound, caused by mechanotransduction
with the launch of sequential biochemical processes that promote tissue regeneration and healing. SWT modulates
nerve conduction in nerve fibers both directly and through changes in microcirculation, that is manifested in an
increase in the speed of nerve impulse conduction mainly in sensory nerve fibers. Low-intensity low-frequency ul-
trasound stimulates the production of neurotrophic factors, improves angiogenesis and remyelination. When using
low-frequency ultrasound, suppression of evoked muscle potentials was observed along with histologically detected
structural damage of the peripheral nerve. There are a number of studies that prove the positive effect of the use
of ultrasound waves in the treatment of CTS. Focal application of ESWT demonstrates improvement in distal motor
and sensory latency, and the use of radial SWT increases the bioelectric activity of mainly sensory fibers. Ultrasound
therapy, in general, causes a positive effect, acting on several pathogenetic links at once, reducing the intensity of

the pain syndrome and modulating the conductivity of peripheral nerves.

Key words: shock wave therapy, nerve, tunnel syndrome, ultrasound, nerve conduction.

Connection of the publication with planned re-
search work.

The review article is part of the research project:
“Compensatory-adaptive reactions of the central and
peripheral nervous system in normal and pathological
conditions”, state registration number 0123U100034.

Introduction.

Tunnel syndromes are a group of diseases that ac-
count for 23-40% of all diseases of the peripheral ner-
vous system. The cause is local compression and isch-
emia of peripheral nerves, characterized by pain and/
or decreased function (motor and sensory) [1]. Among
people engaged primarily in manual labor, the frequency
of compression neuropathies of the upper extremities,
depending on the specifics of professional activity, is 40-
80% [2, 3]. Carpal tunnel syndrome (CTS) is one of the
main causes of temporary disability and can represent
a significant economic burden for both individual com-
panies and the country’s economy as a whole [4]. Given
the previous positive clinical results with confirmed sig-
nificant pain reduction and improvement in functional
activity, shock wave therapy (SWT) is considered a prom-
ising non-invasive method of treatment of carpal tunnel
syndromes [5, 6, 7]. However, there are still no clear con-
clusions regarding the mechanisms and effectiveness of
this treatment method.

The aim of the study.

To summarize data from the last 5 years regarding
the physiological mechanisms of the effect of ultrasound
waves on peripheral nerve structures and the results of
the use of ultrasound in the treatment of CTS.

Main part.

The concept of shock wave therapy. Shock waves
with a frequency of 16 Hz to 20 MHz differ fundamental-
ly from sound waves from other sources in their higher
positive pressure amplitude over 100 MPa (compres-
sion), short pulse duration less than 1 ys, rapid rise in

peak pressure amplitude (less than 10 ns with a steep
leading edge and the presence of a gentle trailing edge),
which is replaced by a long and low-amplitude negative
phase (stretching). The unique waveform allows energy
to be delivered to distant targets and minimizes the im-
pact on surrounding tissues. In the first phase, positive
waves lead to high pressure at the interface, causing ei-
ther reflection or transmission and gradual absorption of
energy. In the second phase, negative waves cause cav-
itation at the tissue interface, which leads to the forma-
tion of bubbles and their subsequent rupture with high
energy, which induces a second shock wave [8, 9]. It has
been established that shock wave pulses of the micro-
second range in the range from 0.1-0.5 MPa to 20 MPa
in amplitude have a therapeutic effect on tissues and or-
gans [10]. The effectiveness of SWT can be affected by
air pressure, energy flux density in mJ/mm2, number of
pulses and frequency in Hz, and penetration depth [11].

Extracorporeal shockwave therapy (ESWT) is the
most commonly used in clinical practice. There are three
main types of ESWT: focused shockwave therapy (fSWT),
which delivers high-energy acoustic waves to a specific
point deep within the body; radial shockwave therapy
(rSWT), which delivers energy over a larger area (5-20
mm?, not exceeding 20-40 mm) [12]; planar shockwave
therapy (pSWT), which delivers energy in parallel beams;
and low-intensity pulsed ultrasound (medium-frequency
pulsed waves to accelerate healing through mechano-
transduction) [13, 14, 15].

The effect of ultrasound on the nerve. ESWT is based
on the tension and compression of cells and tissues,
passing through different media [10]. Shock waves exert
a mechanical effect through mechanotransduction [16]
— the conversion of mechanical signals into a cascade
of biochemical processes related to cellular activity and
metabolism and contributing to tissue regeneration and
healing [17].
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SWT is able to change the parameters of nerve con-
duction in peripheral nerves: reduce the medium-term
latency of the action potential and increase the speed of
its conduction in sensitive nerve fibers in both the short
and medium term, and also has some excitatory effect
[18].

In peripheral nervous tissue, mechanotransduction
occurs through several main types of receptors and
mechanosensitive molecules that translate physical
forces into biochemical signals. Short-term mechanical
impulses deform the cell membrane, activate mechano-
sensitive channels, which induce the release of ATP into
the extracellular space. ATP binds mainly to purinergic
metabotropic receptors of the P2Y type (and partially to
ionotropic P2X receptors), which leads to the activation
of G-protein-coupled signal transduction and the initia-
tion of the Ras-Raf-MEK-ERK1/2 cascade; This results in
phosphorylation of ERK1/2, their translocation to the
nucleus and accumulation in the nuclei of Schwann cells,
where p-ERK1/2 activates transcription factors and stim-
ulates the expression of genes responsible for cell cycle
regulation, cell survival and metabolic activity, and also
phosphorylates CREB protein - a key nuclear regulator of
neuroplasticity, which induces the transcription of Thi-
oredoxin-1. It is a protein with pronounced antioxidant,
neurotrophic and anti-apoptotic properties, which pro-
motes cell proliferation and supports regenerative pro-
cesses in nervous tissue [19, 20].

ESWT also has a significant effect on the repair and
regeneration of nervous tissue by increasing local blood
flow: it mechanically induces shear stress on the vas-
cular endothelium, generating frictional forces on its
surface. [21]. Endothelial cell proliferation, angiogenic
gene expression, and AKT and ERK phosphorylation are
enhanced in a dose-dependent manner up to an energy
flux density of 0.15 mJ/mm? [22].

Low-intensity pulsed ultrasound stimulation (LIUS)
promotes the activation of key cellular processes in
nerve regeneration: by transmitting mechanical signals,
it enhances the function of Schwann cells, increases the
production of neurotrophic factors, such as brain-de-
rived neurotrophic factor (BDNF) and nerve growth fac-
tor (NGF), improves angiogenesis, and promotes both
axonal growth and remyelination [23, 24].

Low-intensity low-frequency ultrasound exposure
demonstrates intensity-dependent neuromodulation
of the peripheral nerve: with short pulses, it enhances
electromyographic responses, and with prolonged ex-
posure, it causes their suppression. The process occurs
through mechanical activation of mechanosensitive ion
channels on neuronal membranes, which change cation
fluxes, causing depolarization or hyperpolarization of
nerve fibers depending on the parameters of ultrasound
[25].

There is information on the effect of focused ultra-
sound stimulation (FUS) on the peripheral nerve of the
rat in vivo. As a result, FUS did not induce reliable action
potentials in peripheral nerve fibers, but low-amplitude
artifactual signals were observed: with indirect stim-
ulation through the skin, a slight increase in tempera-
ture (25->33-37.5°C) and sometimes reflex reactions
were observed. With direct exposure to the nerve with
low-frequency ultrasound (0.25-0.5 MHz), the amplitude
of the total action potentials of the muscle and nerve
decreased and the latency was prolonged with possible

conduction blockade for up to a week. A stronger sup-
pression of evoked muscle potentials together with his-
tologically detected structural damage to the peripheral
nerve was observed when using ultrasound of the low
frequency range compared to high frequencies.

When FUS was directly applied to peripheral nerve
ex vivo, action potentials were not evoked at any intensi-
ty; however, a reduction in the latency of evoked action
potentials of A and C fibers was observed, indicating a
neuromodulatory effect [26].

The effectiveness of ultrasound therapy in CTS. There
are a number of studies that prove the positive effect of
using ultrasound waves in the treatment of CTS. Thus,
the use of focal SWT with an energy of 0.01-0.15 mJ/
mm? and 4-5 Hz, 1500 pulses per session, 1 time per
week, 3 sessions, showed a positive effect on the 3rd
week with an improvement in distal motor and sensory
latency.

Another study demonstrated a significant reduction
in pain intensity and a moderate reduction in median
nerve cross-sectional area after 4 sessions of ESWT in 18
patients with mild to moderate CTS, compared to tradi-
tional treatment with immobilization and electrical stim-
ulation, for 2 weeks [27].

The aim of the next study was to compare the effec-
tiveness of rSWT at low (1.5 bars) and high (4.0 bars)
pressures in patients with moderate CTS. Each patient
underwent 4 sessions of rSWT (once a week). High pres-
sure (4.0 bars) stimulation showed better results in me-
dian nerve conduction parameters and functional status
compared to low pressure, with a small to moderate ef-
fect [28].

A study of 16 patients with confirmed CTS who un-
derwent radial shockwave therapy once a week for 5
weeks with parameters of 1500 pulses, 10 Hz, 1.5 bar
pressure on the carpal tunnel area demonstrated an im-
provement in the speed of nerve impulse conduction in
sensory fibers by 10%, an increase in its amplitude by
24%, and a decrease in latency by 11%. No significant
changes in these parameters were found for motor fi-
bers, but there was a tendency for an increase in the
number of involved fibers with a simultaneous decrease
in their size [29].

The results of a study of the effectiveness of fESWT
for carpal tunnel syndrome in patients with lymphede-
ma of the arm after mastectomy showed a significant
reduction in pain intensity on a visual analogue scale,
symptom severity and limb volume, as well as a reduc-
tion in sensory and motor distal latency [30].

Conclusions.

Ultrasound therapy, in general, causes a positive ef-
fect, acting on several pathogenetic links at once. The
result is a decrease in the intensity of the pain syndrome
and modulation of the functional state of peripheral
nerves, in both directions, due to both direct influence
and indirectly through effects in the surrounding struc-
tures. Compared with electrical stimulation, ultrasound
waves do not significantly cause excitation of nerve fi-
bers, which is an advantage over electrotherapy. On
the other hand, the use of low-frequency focused ul-
trasound can dose-dependently cause temporary long-
term blocking of the conductive function and even struc-
tural damage to the nerves under conditions of direct
influence.
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Prospects for further research.

The use of ultrasound in the treatment of carpal tun-
nel syndrome is a promising non-invasive therapeutic
method, however, due to the multidirectional effects in
the nervous tissue, caused by the amplitude-frequency

characteristics of mechanical impulses, the technique
requires further neurophysiological research to develop
safe and at the same time effective physiotherapeutic
treatment regimens for SWT.
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Yepes po3noscrodxceHicms myHenbHUX CUHOPOMI8 8 cmpyKmypi eciei namosoeii nepugepuyHoi Hepsosoi
cucmemu ma 8idcymHicms 00HO3HAYHUX OAHUX Wo00 eheKmusHOCMI yOapHO-Xx8UAb080I mepanii npu ix AiKy8aHHI
mema 8rnausy yabmpa3syKo8UX X8Usb HO HEPS 3aaAUWAEMbLCA akmyanbHoto. Mema: aHani3 0aHUX 30 OCMAHHI 5
POKi8 w000 izionozivyHuUx 3mMiH 8 nepugepuyHomy Hepsi nio 8MaAUBOM ynbMpPA38yKOBUX X8UsMb MA eheKmusHocmi
30CMOoCY8aHHA yOapHO-X8UMbOBOI meparii 8 1iKy8aHHI CUHOPOMY KApraabHO20 KAHAAY. BUKOpUCMAHHA 8 KAiHIYHIl
npakmuui ekcmpakopnopaneHoi YXT (EYXT) 6a3yemoca Ha 6ionoziyHOMy 8nausi ynempassyKy, 3ymMOB/aeHOMY
MexXaHoOMpPAaHCOYKYI€ErO i3 3aMyCcKOM rocni0osHUX BioXiMiYHUX npoyecis, W0 Cripuatoms pe2eHepauyii ma 3020€HHIO
MKAHUH. YXT MOOynto€e nposioHicmb Hep8oB8UX BOMIOKOH AK HAMPAMY, MAK i yepes 3MiHU MIKpOUUPKYAayii, wo
npossasemMoca 8 36inbWeHHi WeudKocmi nposedeHHs Hep8o8020 iMIybCy MepesamcHO 8 CEHCOPHUX HEepP8osux
B0/10KHOX. Hu3bKOIHMeHcusHUl Hu3zbKoYacMomHull yabmpaseyK CMUMYysE 8UpobaeHHA HelipompogiyHux
hakmopis, rMoKpawye aHziozeHe3 ma pemieniHidayito. pu SUKOPUCMAHHI YyAbMpPa38yKy HU3bKOYACMOMHO20
diana3oHy cnocmepieanocs npu2HiYeHHA BUKAUKAHUX M'A308UX MOMEHUianie pa3om 3 2icmonoeiyHo 8uAsAeHUMU
CMPYKMYPHUMU YWKOOHEHHAMU repudepuyHo2o Hepay. € HU3KaA 00CAaidueHb, wjo 00800AMb no3umusHull
eghekm 8i0 BUKOPUCMAHHA YaAbMpPa3syKosuX X8usb npu AikysaHHi KTC. ®okycHe 3acmocysaHHA EYXT demoHcmpye
MOKpaweHHa oucmasnbHoOi MOMOPHOI Ma CEHCOPHOI AAMeHMHOCMI, @ 8UKOPUCMAHHA padiansHoi YXT 36inbwye
bioeneKmpu4yHy aKmMuUBHICMb nepesamHo CEHCOPHUX 80/10KOH. Ybmpa3syKosa meparis, 8 Uinomy, CrpUu4YUHAE
nosumusHul egpekm, Oito4u 00pa3y HA OeKiNbKa NamozeHeMu4YHUX IAHOK, 3HUMXCYHYU iHMeHcusHicms 601608020
CUHOPOMY Ma MOOYsYU NPOBIOHICMb nepughepuyHUX Hepsis.

Karouoei cnoea: yoapHoO-xe8unb08a mepariis, Hep8, MyHesnbHUl CUHOPOM, YabMmpas3syK, Hepeosad rposioHicme.

3B8’A30K nyb6niKauii 3 Nn1aHOBMMMU HayKOBO-A0CNIA-
HUMU poboTamu.

Lla ornapoBa cTaTTA € YaCTMHOK HAyKOBO-AOCAIA-
Horo poboTn «KomneHcauiinHo-a4anTUBHI peakKLii LeH-
TpasibHOI Ta nepudepuyHoi HEPBOBOI CUCTEMU B HOP-
ManbHWUX Ta NATONOMYHMUX YMOBAX», HOMEP Aep*KaBHOI
peecTpauii 0123U100034.

Bcryn.

TyHenbHi cMHApOMKM — L rpyna 3axBOPHOBaHb, WO
cTaHoBNATb 23-40% ycix 3axBoptoBaHb nepudepuyHoi
HepBOBOI cucteMu. MNMPUUNHOKO € NIOKANbHA KOMMpecia
Ta iwemia nepudeprUYHNX HEPBIB, L0 XapaKTepPU3YETbCA
60nem Ta/abo 3HUNKEHHAM X QYHKUiNA (PyxoBUX i YyT-
nusux) [1]. Cepep, ocib, 3alMHATUX NEepPeBaXKHO PYYHOLO
npauet, 4YactoTa KOMMPECiMHUX HeMponaTin BepxHix
KiHLiBOK 3a/1eXHO Big, cneundikn npodeciitHoi gisnb-
HocTi cTaHoBUTL 4080% [2, 3]. KapnanbHuii TyHeAbHUIA
cuHgpom (KTC) € ofHiEl 3 OCHOBHUX MPUYUH TUMYa-
COBOi Henpaue3aaTHOCTI i MOXe CTaHOBUTM 3HAYHUN
E€KOHOMIYHUI TArap AK A8 OKPeMWMX KOMMAHIiW, TaK i
017 €eKOHOMIKM KpaiHu 3arasom [4]. 3 ornsay Ha none-
peaHi NO3UTMBHI KNiHIYHI pe3ynbTaTh i3 NiATBEPAXKEHUM
3HAaYHMM 3MeHLEeHHAM 60to Ta NMoKpaleHHAM (yHK-
LLIOHANbHOI AKTUMBHOCTI, B AKOCTI NEPCNeKTUBHOro He-
iHBAa3MBHOIO MeTOoAy NiKyBaHHA TYHE/IbHUX CUHAPOMIB
pO3rNA[aETbCA yAapHO-XBMAbOBA Tepania (YXT) [5, 6, 7].
MpoTe foci Hemae 04HO3HAYHUX BUCHOBKIB LLOAO edek-
TUMBHOCTI LLbOTO MEeTOAY NiKyBaHHA.

MerTa gocnigXeHHs.

Y3aranbHeHHA [aHMX 3a OCTaHHi 5 poOKiB CTOCOB-
HO @i3ionoriyHnx mexaHi3amiB BMMBY YAbTPA3BYKOBUX
XBW/Ib Ha CTPYKTypU nepudepuyHoro HepBy Ta pesysb-
TaTiB 3acTocyBaHHA YXT B nikyBaHHi KTC.

OcHOBHa YacTuHa.

MoHAMMA npo yoapHo-xeunbosy mepanito. YoapHi
XBUJi YacToToto Big 16 My go 20 Ml KapAuHanbHO Bia-
Pi3HAIOTLCA Bif, 3BYKOBMX XBU/b iHLWWNX AXKEPen BULLO
NO3UTUBHOK aMNAITYA0 TUCKY (CTUCHeHHA) (noHap,
100 MMMa), KOpOTKOK TPUBAJICTIO iMNyabcy (MeHwe
1 MKc), WBWAKMM HaApPOCTAaHHAM MiKOBOI amnaiTyam
TUCKY (meHwe 10 Hc 3 KpyTUM nepegHim ¢poHTOM Ta
HasABHICTIO NONOroro 3aAHboOro GPOHTY), WO 3MiHIOETb-
CA TPUBA/NOK Ta HU3bKOK 33 aMMJITYAOK HEraTMBHOM
dasoto0 (po3TtaryBaHHA). YHikanbHa dopma XBWUAI [03-
BOJIAE AOCTABAATM €Heprilo 4o BigAaneHux uinen i mi-
HiMi3yBaTK BN/MB Ha HAaBKOIMLIHI TKAHWUHUW. Ha nepuwiin
ba3i no3nTUBHI XBUAI NPU3BOJATL L0 BUCOKOIO TUCKY Ha
MeXKi po3giny, BUKAMKaoum abo Biabutta, abo npoxoa-
YKEHHS | NocTynoBe NOor/IMHaHHA eHeprii. Ha apyrit ¢asi
HeraTMBHI XBU/i BUKAMKAIOTb ABULLE KaBiTalil Ha MexXi
PO32iny TKaHWH, WO NPU3BOAUTbL 40 YTBOPEHH:A bynbba-
LWOK i iX NOAAaNbLIOro PO3PMBY 3 BUCOKOIO EHEPTIEID, WO
iHOYKYE Apyry yaapHy xsunto [8, 9]. BctaHoBneHo, Wwo
TepaneBTUYHY Ait0 HA TKAHMHM Ta OpPraHM MatoTb yaap-
HOXBW/bOBI IMMNY/IbCU MIKPOCEKYHAHOIO AianasoHy B
mexKax Big 0.1-0.5 MMMa go 20 MMa 3a amnnitygoto [10].
Ha edeKktuBHicTb YXT MOXKYyTb BNAMBATU TUCK MOBITPA,
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LLLiNIbHICTb eHepPreTUYHOro NOTOKY B MMK/MM2, KiNbKicTb
imnynbcis i yactoTa B Iy, MMbBUHA NPOHUKHEHHSA [11].

Y KAiHIYHIA NpaKkTULi nepeBaXHO 3aCTOCOBYETLCA
eKcTpakopnopanbHa YXT (EYXT). IcHye Tpy OCHOBHI TMNK
EYXT — ¢doKycoBaHa yaapHo-xBuaboBa Tepanisa (pYXT) —
TOYHI BMCOKOEHEPreTUYHi aKyCTUYHI XBWAI BNAMBAOTb
Ha KOHKPETHY TOYKY, pO3TalloBaHy MMOOKO B OpraHis-
Mi; pagianbHa yaapHo-xBuaboBa Tepania (pYXT) — pos-
noAinse eHeprito Ha GiNbLWil naouli (B mexax 5-20 mm?,
He nepesuwye 20-40 mm) [12]; nnaHapHa y4apHO-XBU-
NnboBa Tepanisa (NYXT — eHepria NOWMPIOETLCA Napaneb-
HUMM MyYKamMM) Ta HU3bKOIHTEHCUMBHUI iMMNY/bCHUN
YNbTPasByK (iMnynbCcHi XBWUAiI cepeaHbOi YacToTn AONn
NPUCKOPEHHA 3arO€EHHA 32 AOMOMOrO MeXaHOTPaHC-
aykuii) [13, 14, 15].

Bnaue ynempa3ssyKy Ha Heps. EYXT 3acHOBYETbCA Ha
3 HATArY | CTUCHEHHI KAITUH | TKAHMH, NpoOXoAAaYM Yepes
pi3Hi cepeposuwa [10]. YaapHi XBUAI YNHATb MeEXaHiy-
HUI BNAMB 33 AONOMOIO MexaHOoTpaHCcAyKLi [16] — ne-
PEeTBOPEHHA MexaHiYHUX CUTHaNIB y KacKag bioximiuHmx
NPOLECIB, LLO CTOCYHOTbCA KNITUHHOI aKTUBHOCTI Ta MeTa-
60oni3my Ta cnpuATb pereHepaLii Ta 3aroEHHIO0 TKAaHWUH
[17].

YXT 3paTHa 3MiHIOBaTW MapameTpu HepBOBOI MPO-
BigHOCTI y NnepudepuyHMX HepBax: 3MeHLIYBaTN cepes-
HbOCTPOKOBY /IaTEHTHICTb NOTEHLiany Aii Ta 36iNblUYyETb-
CA WBMAKICTb MOro NPOBEAEHHA B YYTINBUX HEPBOBUX
BOJIOKHaX K B KOPOTKOCTPOKOBIM, TaK i B cepeAHbOCTPO-
KOBilA MEPCNEeKTUBI, a TaKOX Ma€E AeAKUA 306yaanBuii
edekr [18].

Y nepudepunyHiii HepBOBI TKAHWMHI MexaHOTpaH-
CAYKUia BiAOYyBaETbCA Yepe3 Kifibka OCHOBHWUX TUMIB
peuenTopiB i MEXaHOYYT/IMBUX MONEKYN, AKi nepeso-
AATb Pi3nyHi cuam B BioximiuHi curHanmn. KopoTKoyacHi
MEXaHiyHi iMmnynbcn aedopmytoTb KAITUHHY Membpa-
HY, aKTUBYIOTb MEXAHOYYT/IMBI KaHanu, WO iHAYKYHOTb
BMBINbHEHHA Y MO3aKAITUHHMIK npocTip AT®. OctaH-
HA 3B’A3YETbCA NEpPeBaXKHO 3 MyPUHEPriYHMMM MeTa-
6oTponHMmMK peuentopamu Tuny P2Y (a yacTkoBo — 3
iOHOTpPONHUMK peuenTopamu P2X), Wwo npusBoauTb A0
aKkTMBaLil G-6iN0K-3aNeXKHOI CUFHAIbHOT TPAHCAYKLT Ta
iHiujauii kackagy Ras-Raf-MEK-ERK1/2; BHacnifoK uboro
BiabyBaeTbca dpochopuntoBaHHa ERK1/2, ix TpaHcioKa-
Lifa 40 A4pa Ta HAaKOMMYEHHA B A4pax KAiTuH LLBaHHa,
fe p-ERK1/2 akTuBye TpaHCKpuNUiiHi dakTopu Ta cTu-
MYJIHOE eKCMpPecito reHis, BigMNOBIiAaNbHUX 33 peryaaLito
KNTUHHOTO UMKANY, BUNKMBAHHA KNITUH i meTabosniuHy
aKTUBHICTb, a Takox docdopuntoe CREB-6inok — knto-
YOBUI SAAEPHUIN PEryNaTop HEeMpOonaacTUYHOCTI, AKUM
iHOYKYE TpaHcKkpunuito TiopedoKciH-1, 6inka 3 BMpake-
HUMW aHTUOKCUAAHTHUMM, HENPOTPODIYHMMM TA AHTU-
anonTUYHMMM BNACTUBOCTAMM, LLO cnpusae nponidepaii
KNITUH | NiATPUMLI pereHepaTMBHMX NpoLeciB y HepBo-
Bilt TKaHMHI [19, 20].

EYXT TaKo)X MQA€E 3HAYHWI BM/JIMB HA BiAHOBNEHHSA
Ta pereHepaLito HepBoBOi TKaHWMHKU Yepes 36inblueHHA
MiCLLeBOrO KpOBOOBIry: BOHa MeXaHiYHO NPU3BOAUTL 40
HANpyru 3cyBy CYAMHHOIO EHAOTENIIO, FEHEPYOYM CUY
TepTA Ha Moro nosepxHi. [21]. Nponidepauis eHgoTeni-
aNbHUX KNITWUH, eKCMpecia aHrioreHHUx rexis Ta ¢ocdo-
puntoBaHHA AKT ta ERK nocuntotoTbca 0303anexHnum
YWMHOM [0 AOCATHEHHA LWiNbHOCTI NOTOKY eHeprii 0,15
MK/ mm? [22].

HW3bKOIHTEHCMBHA iMNy/bCHA YNbTPA3BYKOBa CTW-
mynsagia (HIIYC) cnpusae akTMBaLii KNHOYOBUX KAITUHHUX

npouecis BiAHOBNAEHHI HEPBIB: WAAXOM Nepesadvi mexa-
HIYHWX CUrHaNiB NocKatoe GyHKLiO KNiTuH LWBaHHa, nig-
BULLYE BUPOBAeHHA HenpoTpodiuHux $akTopiB, TaKMx
AK HelpoTpodiyHnit paktop mo3Ky (BDNF) Ta daktop
pocty HepsiB (NGF), NoKpalllye aHrioreHes Ta Cnpuse K
POCTY aKCOHiB, Tak i pemieninisauii [23, 24].

HW3bKOIHTEHCMBHMIA HU3bKOYACTOTHUIM YIbTPA3BY-
KOBMI BNINB SEMOHCTPYE iIHTEHCUBHICHO-3a1E€KHY HEW-
pomogaynauito nepudepuyHoOro Hepsa: MPU KOPOTKUX
imnynbcax niacuntotoum EMI-signosigi, a npu Tpusano-
My BM/IMBI BUKAMKAOUM iX NpUrHidyeHHs. Mpouec Biaby-
BAETbCA Yepe3 MeXaHiYHy aKTMBALiKD MexaHOYyTAUBUX
iOHHWX KaHaniB Ha MembpaHax HeMPOHIB, WO 3MiHIOTb
NOTOKM KaTiOHiB, CMpUYMHIOOYM Aenonsapusauito abo
rinepnonAapusaLito HePBOBUX BOJIOKOH 3a/1€}KHO BifA, Na-
pameTpiB yibTPasByKy [25].

€ faHi woao BnamBy cPOKyCOBAHOI ybTPA3BYKOBOI
ctumynsuii (PYC) Ha nepudepuyHnin HepBs Wwypa in vivo.
B pe3synbrati PYC He BUKAMKANA HagiMHMX NOTeHuianis
4ii y nepudepnyHnX HepBOBMX BOJIOKHAX, MpoOTe Cro-
cTepiraincs HM3bKOAMMNAITYAHI apTedaKTHi curHanu:
npu Henpamiin cTuMynaALii Yepes WKipy cnocrepiranoca
He3HauyHe niasuueHHA Temnepatypu (25->33-37,5 °C)
Ta iHKoNM pednekTopHi peakuii. Mpu npamomy BnaAmBi
Ha HepB yNbTPaA3BYKYy HM3bKOi yactotn (0,25-0,5 MIw)
3HUKYBANACb aMMNAITyga CyMapHWUX noOTeHUianis Aji
M’A3y | HepBY Ta NOAOBKYBaNACb NATEHTHICTb 3 MOMXK-
NIMBUM GNIOKYBaHHAM MPOBEAEHHA A0 TUXKHA. binbL
CU/IbHE MPUTHIYEHHA BUKAMKAHMX M’ A30BUX NOTEHLianiB
Pa30M 3 TiCTONIONYHO BUABMEHUMM CTPYKTYPHUMM YLLKO-
OKeHHAMU nepudeprnyHOro HepBy CnocTepiraaocb npu
BMKOPWUCTAHHI y/NIbTPa3BYKY HM3bKOYACTOTHOIO Aianaso-
HY NMOPIBHAHO 3 BUCOKMMM YacTOTaMu.

Mpun 6e3nocepeaHboMy 3acTocyBaHHi PYC go nepwm-
depuyHOro HepBa ex vivo noTeHLUianun Aji He BUKAWKa-
ZINCA 33 KOAHOI iIHTEHCUBHOCTI; NPOTe CNOCTepiranochb

3MEHLUEHHA /IaTEHTHOCTI  BMK/IMKAHMX MNOTeHLianis
Aii BonoKoH A i C, Wo BKa3sye Ha HepomMoAayAALiNHNIA
edekT [26].

EgpekmusHicme YXT npu KTC. IcHye HW3Ka Aochi-
O)KeHb, WO [A0BOAATb NMO3UTUBHUI edeKT Bif BUKOPWU-
CTaHHA YNbTPa3BYKOBUX XBW/b Npu NikyBaHHI KTC. Tak,
3acTtocyBaHHA GpoKycHoT EYXT 3 eHeprieto 0.01-0.15 mJ/
mm? i 4-5 Ty, 1500 imnynbciB 3a ceaHc, 1 pa3s Ha TUXK-
[AeHb, 3 ceaHcu, NoKasano No3UTUBHUI edekT Ha 3-my
TUXKHI i3 MOKpaLLEHHAM AMCTANbHOI MOTOPHOI Ta CeH-
COPHOI NATEHTHOCTI.

IHWe AocNiaKeHHA NPOAEMOHCTPYBAO CYTTEBE 3HU-
YKEHHSA IHTEHCMBHOCTI 60/1bOBOrO CUHAPOMY Ta NOMipHE
3MeHLUEHHA NOLLi NonepeyHoro nepepisy cepeguHHoO-
ro HepBy MicnA 3actocyBaHHA 4 ceaHciB EYXT y 18 naui-
€HTiB i3 KTC nerkoro Ta cepeHbOro CTyneHa Ba*KKOCTI,
Ha ¢oHi TpaauuiiHoro NikyBaHHA 3 imMmobinisauieto Ta
€/1eKTPOCTUMYIALLIEID, NPOTATOM 2 TUNKHIB [27].

MeTot HACTYMHOTO AOCAIAMKEHHA 6y/N0 NOPIBHATK
edeKTMBHICTb PYXT npu HM3bKOMy (1,5 bars) Ta BUCOKO-
My (4,0 bars) T1cky y nauieHTiB 3 nomipHum KTC. KoxkeH
nauieHT npoliwos 4 ceaHcn pYXT (1 pas Ha TUXKAEHD).
Bucokuit TucK (4,0 bars) ctumynaujii nokasaB Kpalui pe-
3yNbTaTU B MapameTpax HeMponpoBiAHOCTI cepeauH-
HOro HepBa Ta QYHKLiOHaAbHOMY CTaTyCi NOPIBHAHO 3
HU3bKUM TUCKOM, 3 MasiMM, ZONOMipHUM edpekTom [28].

LocnigKeHHA Ha 16 nauieHTax i3 niagTBeparKeHnum
KTC, wo npoxoamnu pagianbHy yaapHO-XBUAbOBY Te-
panito 1 pa3 Ha TWXKAEHb NPOTArOM 5 TUXKHIB 3 napa-
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meTpamu 1500 imnynbcis, 10 My, 1,5 6ap TUCKY Ha 30HY
KapnasbHOro KaHany, NpoAeMOHCTPYBasio NOAINWeHHA
LWBUAKOCTIi NPOBEeAeHHA HEPBOBOTO IMMY/1bCY CEHCOPHMU-
MW BONIOKHamM Ha 10%, 36inblieHHA MOro amnaiTyam Ha
24% Ta 3MeHLWeHHA nateHTHocTi Ha 11%. JlocToBipHMX
3MiH 3a3HAa4YeHWUX NapaMeTpiB A7 MOTOPHUX BOJIOKOH
BUAB/NEHO He By/i0., NpoTe cnocTepiraiacb TeHAEHUiA 40
36iNbLUEHHA KiNbKOCTI 3a1y4eHMX i3 O4HOYACHUM 3MEH-
LWeHHAM ix po3mipy [29].

Pesynbtatv gocnipxeHHA epektnsHocTi GEYXT npu
KaprnasbHOMY TYHENbHOMY CUHAPOMI Y NALEHTOK i3
nimdenemoro pyku nicns macTekTomMii Nokasanu sHayHe
3MeHLUEHHA iHTeHCMBHOCTI 60110 3a BisyasibHO-aHaN0ro-
BOIO LLIKA/00, TAXKKOCTI CUMNTOMIB Ta 06’€My KiHLIBOK,
A TAKOX 3MEHLLEHHA CEHCOPHOI Ta MOTOPHOI AUCTANbHOI
naTteHTHocTi [30].

BucHoBKM.

YNnbTpa3sByKoOBa Tepania, B LiAOMY, CNPUYMHAE MNO-
3UTUBHUI edeKT, Aitoun oapasy Ha AeKinbKa naToreHe-
TUYHUX NaHOK. Pe3ynbTaToM € 3HUMKEHHA IHTEHCMBHOCTI
601b0BOr0 CUHAPOMY Ta MOAYNALIA YHKLIOHANbHOTO

CTaHy nepudepuyHmX HepBiB, NP1 YoMy B 060X Hanpsam-
Kax, 3yMOBJ/IeHa AK MPAMMM BM/IMBOM, TaK i onocepes-
KOBaHO 4yepe3 edeKTM B HAaBKONULLHIX CTPYKTypax. Mo-
PIBHAHO 3 €NeKTPOCTUMYAALLIEID, YNbTPA3BYKOBI XBWUAI
[OCTOMEHHO He BUKNUKAOTh 30yAsKeHHS HepBOBUX
BOJIOKOH, WO € NepeBarolo nepes, eNeKkTposikyBaHHAM.
3 iHWOoro 60Ky, 3aCTOCYyBaHHSA HU3bKOYACTOTHOTO CHOKY-
COBAHOTO YNbTPA3BYKY 34aTHO 10303a/1EXKHO BUKINKATU
TMM4acoBe TpuBane 610KyBaHHA NPOBIAHOT PYHKLUIT Ta
HaBIiTb CTPYKTYPHE MOLLUKOAXEHHA HEPBIB 33 YMOB NpA-
MOTO BMJIMBY.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

3acToCcyBaHHA yAbTPaA3BYKY MpPW NiKyBaHHI TyHenb-
HOTO CUMHAPOMY € MEepCrneKTUBHUM HeiHBa3MBHUM Te-
paneBTUYHMM METOAOM, MpOTe Yepe3 pisHOHanpas-
NleHicTb edeKTiB B HEepBOBili TKaHWHI, 0ByMOBAEHIMN
AMMANITYA0-4aCTOTHUMM XapaKTEPUCTUKAMU MEXaHIYHUX
iMnynbCiB, meTogmMKa noTpebye NoAanbworo Helpododisi-
O/I0TYHOTrO AOCNIANKEHHA ANA PO3PO6KM Be3neyHux Ta
BoAHOYAC ePeKTUBHUX cxemM Pi3ioTepaneBTUYHOro NiKy-
BaHHA YXT.
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BMNAMB YIbTPA3BYKOBOI TEPANIT HA MEPUDEPUYHUIA HEPB MPU NIIKYBAHHI TYHE/IBHOIO CUHAPOMY

TkaueHKo C. C., PoauHcbkuii O. I., MopTHara M. M.

Pe3stome. TyHenbHi cuHapomu ctaHoBAATb 23-40% Bciei naTonorii nepudepryHoi HepBOBOiI cucTemM. B siKocTi
nepcnekTMBHOrO METOAY NiKyBaHHA TYHENbHUX CMHAPOMIB PO3rNAAAETbCA YAAPHO-XBMUIbOBA Tepanida. Yepes Bia-
CYTHICTb OAHO3HAYHMX AaHUX WoA0 ePEeKTUBHOCTI LLbOro MeToAy NiKyBaHHA NUTAHHA NOTpebye NoganbWworo Aocni-
OXEHHA.

MeTa —aHani3 AaHUX WOoA0 MEeXaHi3MiB BN/IMBY Y/IbTPA3BYKOBUX XBU/b HA NepudepuyHnil Heps Ta ePeKTUBHOCTI
3aCTOCYBaHHA yAAPHO-XBUbOBOI Tepania B iKyBaHHI CUHAPOMY KapnasibHOrO KaHany.

Y KAiHIYHIN NpaKTULj NepeBa*kHO 3aCTOCOBYETLCA eKCTpakopnopanbHa YXT (EYXT), wo 6a3yeTbca Ha yepeny-
BaHHI HaTAry i KOMnpecii TKAHWH, NPOXoAAYN Yepes pi3Hi cepenoBuLLa. bionoriyHnA BNAMB yNbTPa3BYKY 3yMoBe-
HUN MEeXaHOTPAHCAYKLIE i3 3aMyCKOM NOCNiA0BHMX BioXiMiYHMX NPOLECIB, WO CNPUAIOTL pereHepadii Ta 3aroex-
HIO TKaHMH. YXT 34aTHa 3MiHIOBaTU NapaMeTpu HEPBOBOI NPOBIAHOCTI Yy nepudepuyHnX HepBax AK Yepe3 NpAMUi
BM/IMB, TaK i Yepe3 MOAYNALII0 JIOKA/IbHOrO KPOBOTOKY. B pe3ynbTaTi 3MeHLIYETbCA NAaTEHTHICTb NOTeHLiany Aii Ta
36iNbLIYETHCA WBUAKICTL MOrO NPOBEAEHHA NEPEBAXKHO B CEHCOPHUX HEPBOBMX BOMIOKHAX AK B KOPOTKOCTPOKOBIN,
TaK i B CEpeaHbOCTPOKOBIV NEPCNEKTUBI; TAaKOXK € AesKUi 36yanneuii edekT. HU3bKOIHTEHCUMBHUI HU3bKOYACTOT-
HUW YNbTPa3BYKOBUI BMN/IMB MiABULLYE BUPOBAEHHA HEMPOTPOodidHMX GaKTOPIB, MOKPALLYE aHrioreHes Ta Cnpuae K
POCTY aKCOHIB, TaK i pemieniHizau,ii. Mpn BUKOPUCTAHHI yIbTPA3BYKY HU3bKOYACTOTHOIO Aiana3oHy CMOCTEPIraeTbCA
NPUrHIYEHHA BUKNMKAHMUX M’ A30BUX NOTEHL,ia/iB Pa30M 3 FiCTONONYHO BUABNEHUMMU CTPYKTYPHUMM YLLKOANKEHHAMM
nepudepuyHoro Hepsy. H13Ka foCNiAXKeHb LOBOAUTL NO3UTUBHUI edEKT Bif, BUKOPUCTAHHA YIbTPA3BYKOBUX XBU/Tb
npu nikyBaHHi KTC. ®oKycHe 3acTtocyBaHHA EYXT AeMOHCTPYE NO3UTUBHUIN edeKT Ha 3-My TUMXKHI i3 NOKpaLLEHHAM
ANCTaNIbHOI MOTOPHOI Ta CEHCOPHOI NaTEHTHOCTI, TOAI AK BUKOPUCTAHHA pagianbHoi YXT 36inbwye 6ioenekTpuuHy
AKTMBHICTb NepPEeBaXKHO CEHCOPHMUX BOJIOKOH.

YnbTpa3ByKoBa Tepanis, B LiNOMYy, CNPUYMHAE NO3UTUBHUI edeKT, Aitoun oapa3sy Ha AeKisibka naToreHeTUYHUX
NAHOK, 3HWMKYHOUM IHTEHCUBHICTb 601LOBOrO CUHAPOMY Ta MOAYNIOKOYM NPOBIAHICTL NepudepuyHmX Hepsis.

KntouoBi cnoBa: yaapHO-xBUIbOBa Tepanis, HepB, TYHEeNIbHUI CUHAPOM, YbTPA3BYK, HEPBOBA NPOBIAHICTb.

THE EFFECT OF ULTRASONIC WAVE THERAPY ON THE PERIPHERAL NERVE IN THE TREATMENT OF CARPAL
TUNNEL SYNDROME

Tkachenko S. S., Rodinskii O. H., Portniaha M. M.

Abstract. Tunnel syndromes account for 23-40% of all pathologies of the peripheral nervous system. Shock wave
therapy (SWT) is considered a promising method of treating tunnel syndromes. Due to the lack of unambiguous data
on the effectiveness of this treatment method, the issue requires further research.

Aim is analysis of data on the mechanisms of ultrasound waves influence on the peripheral nerve and the
effectiveness of the SWT using in the treatment of carpal tunnel syndrome.

In clinical practice, extracorporeal ultrasound therapy (ESWT) is mainly used, which is based on alternating
tension and compression of tissues, passing through different environments. The biological effect of ultrasound
is due to mechanotransduction with the launch of sequential biochemical processes that contribute to tissue
regeneration and healing. SWT is able to change the parameters of peripheral nerves conduction both through
direct influence and through modulation of local blood flow. As a result, the latency of the action potential decreases
and the speed of its conduction increases, mainly in sensory nerve fibers, both in the short and medium term, and
there is also some excitatory effect. Low-intensity low-frequency ultrasound exposure increases the production of
neurotrophic factors, improves angiogenesis and promotes both axon growth and remyelination. When using low-
frequency ultrasound, suppression of evoked muscle potentials was observed along with histologically detected
structural damage to the peripheral nerve. A number of studies proving the positive effect of the use of ultrasound
waves in the treatment of CTS. Focal application of ESWT demonstrates a positive effect at the 3rd week with an
improvement in distal motor and sensory latency, while the use of radial SWT increases the bioelectric activity of
mainly sensory fibers.

Ultrasound therapy, in general, has a positive effect, acting on several pathogenetic links at once, reducing the
intensity of pain syndrome and modulating the conductivity of peripheral nerves.

Key words: shock wave therapy, nerve, tunnel syndrome, ultrasound, nerve conduction.
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Acoustic barotrauma (ABT) has gained particular relevance in recent decades due to the increasing impact of
technogenic and military factors associated with blast wave exposure. Acoustic barotrauma is considered a complex
of functional and morphological disturbances affecting the auditory organ, vestibular apparatus, and central neu-
ronal structures, arising as a result of abrupt fluctuations in atmospheric or hydrostatic pressure, exposure to blast
shock waves, as well as intense impulsive or prolonged high-intensity noise. Pain syndrome in ABT, particularly in
combat conditions, is often characterized by a prolonged course with a tendency toward chronicity and the develop-
ment of a neuropathic component.

Gabapentin and pregabalin are structural analogs of y-aminobutyric acid (GABA) that exhibit high affinity for the
a26-1 subunit of voltage-gated calcium channels. Their pharmacological action involves reducing the presynaptic
release of excitatory neurotransmitters, including glutamate, substance P, and norepinephrine, thereby suppressing
both peripheral and central sensitization. In the context of acoustic barotrauma, these agents are of particular im-
portance, as they are capable of reducing pathological neuronal activity in the dorsal cochlear nucleus and auditory
brainstem structures, which is associated not only with pain development but also with manifestations such as tin-
nitus and hyperacusis.

Another important class of agents used in the treatment of neuropathic pain is antidepressants. Their analgesic
effect is mediated through modulation of descending antinociceptive pathways, which originate in cortical and sub-
cortical regions of the brain and are mediated via the periaqueductal gray and raphe nuclei. Activation of serotoner-
gic and noradrenergic neurons leads to increased concentrations of these neurotransmitters in the dorsal horn of the
spinal cord, where they inhibit the transmission of ascending nociceptive signals.

Key words: acoustic barotrauma, blast wave, pathogenetic aspects, pain syndrome, analgesic therapy, combi-
nation therapy, adjuvant analgesics.
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