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Knee osteoarthritis remains one of the pressing problems of modern medicine due to its high prevalence, chronic
course, and significant negative impact on the quality of life of patients. Accumulated scientific data indicate that
impaired microvascular perfusion, local tissue hypoxia, endothelial dysfunction, and persistent low-level inflamma-
tion play an important role in the progression of the disease, forming an unfavorable metabolic environment in
the articular and periarticular tissues. In these pathophysiological conditions, standard therapeutic approaches are
predominantly symptomatic and have limited impact on the pathogenetic mechanisms of osteoarthritis. Physio-
therapy methods aimed at correcting microcirculatory and metabolic disorders are of particular scientific interest.
Carboxytherapy, which involves local or transcutaneous application of carbon dioxide, is considered an approach
with a multilevel mechanism of action. According to experimental studies, an increase in the local partial pressure
of CO; is accompanied by improved tissue oxygenation, vasomotor responses, and a decrease in manifestations of
hypoxia-induced damage. In addition, experimental studies have demonstrated the effect of CO, on the activation
of angiogenesis, modification of cellular energy metabolism and regulation of the immunoinflammatory response.
Analysis of available publications indicates that carboxytherapy can be considered an adjuvant treatment for the
complex management of knee osteoarthritis. At the same time, at the current stage, the amount of evidence remains

limited, which justifies the feasibility of conducting further clinical studies.
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Connection of the publication with planned research
work.

The work is a fragment of the SRW “Occlusive diseases
of arteries and veins in metabolic disorders”, state regis-
tration number 0125U003270.

Introduction.

Knee osteoarthritis (KOA) is one of the leading caus-
es of chronic pain, functional limitations, and disabil-
ity among the elderly. Its progression is associated with
chronic oxidative stress, intra-articular homeostasis im-
balance, and structural damage to cartilage [1]. To a large
extent, the clinical manifestations of KOA are due to per-
sistent synovial inflammation, endothelial dysfunction,
and impaired microcirculation in periarticular tissues [2].

There are no radical treatments for KOA. Available
therapeutic strategies focus on pain control and slowing
down degenerative changes, but the effectiveness of
many pharmacological agents is limited, and their long-
term use is associated with the risk of side effects [3].
At the same time, actual adherence to evidence-based
non-pharmacological interventions (rehabilitation, exer-
cise, weight loss, education) remains insufficient — less
than 40% of patients receive recommended therapy [4].

Clinical guidelines emphasize the importance of con-
servative approaches, but none of them can reliably stop
or reverse the progression of KOA [5, 6, 7]. This highlights
the need to develop new methods to modify key patho-

genic mechanisms, including microvascular dysfunction,
tissue hypoxia, and chronic low-level inflammation [8].

Against this background, there is growing interest in
carboxytherapy — carbon dioxide (CO,) therapy, a physio-
therapeutic method with pronounced vascular, metabol-
ic, and immunomodulatory properties. The effectiveness
of CO, has been described in cardiovascular medicine [9],
in rehabilitation and aesthetic medicine [10], and in pre-
clinical models, where increased microcirculation, angio-
genesis, and reparative processes have been demonstrat-
ed[11, 12].

Given the pathogenetic roles of hypoxia, endothe-
lial dysfunction, and pro-inflammatory cytokines in the
development of arthrosis and arthritis, carboxytherapy
is considered a promising, innovative approach capable
of modifying microcirculation and the inflammatory re-
sponse, underscoring the need for its detailed study in
orthopedic practice.

The aim of the study.

To assess the pathogenetic basis for the use of car-
boxytherapy in osteoarthritis of the knee joint and to
summarize experimental and clinical data on its effect on
microcirculation, tissue oxygenation, and inflammatory
mechanisms.

Object and research methods.

The paper presents a narrative review of current ex-
perimental and clinical studies on carboxytherapy for
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musculoskeletal pathologies and its mechanisms of ac-
tion on microcirculation, tissue oxygenation, and inflam-
matory processes. The literature search was conducted in
the PubMed, Scopus, Web of Science, and Google Scholar
databases using the keywords “carbon dioxide therapy,”
“carboxytherapy,” “CO, transcutaneous application,” “mi-
crocirculation,” “Bohr effect,” “angiogenesis,” “synovitis,”
“osteoarthritis,” “arthritis,” “subchondral bone,” and “in-
flammation modulation.” The analysis included original in
vivo and in vitro studies, clinical randomized and observa-
tional studies, systematic reviews, and meta-analyses, as
well as relevant physiological studies of the mechanisms
of CO, action. Studies of low methodological quality and
publications that lacked data on the mechanisms of CO,
action or its role in joint diseases were excluded. The re-
sults obtained were summarized in key areas: immediate
vascular and metabolic effects of CO,, delayed angiogenic
and reparative mechanisms, immunomodulatory proper-
ties, and their relevance to the pathogenesis of arthrosis
and arthritis.

Main part.

Modern ideas about the pathogenesis of KOA have
evolved significantly: today the disease is considered not
as a consequence of “mechanical wear and tear”, but as a
degenerative-inflammatory process in which immunolog-
ical, neurobiological, and microcirculatory mechanisms
interact. One of the key manifestations is pain, the nature
of which goes far beyond simple nociceptive damage.

For a long time, it was believed that the intensity of
pain correlated with the degree of cartilage degeneration,
but numerous studies have refuted this notion. In the
work of Finan et al., it was shown that there is no direct
correlation between radiological severity of KOA and pain
severity [13]. In addition, up to 20% of patients continue
to experience chronic pain even after total knee arthro-
plasty, despite the complete removal of damaged struc-
tures [14]. This indicates the presence of more complex
mechanisms of formation of the pain phenotype.

Currently, pain in KOA is considered a multicomponent
phenomenon that includes nociceptive, neuropathic and
nociplastic mechanisms [15]. A significant proportion of
patients (~40%) have symptoms characteristic of neuro-
pathic pain: burning, electric shock, paresthesia or numb-
ness [16]. The neuropathic pain component is associated
with dysfunction of the somatosensory system [17].

However, nociceptor sensitization can occur even
without structural damage, leading to the term nociplas-
tic pain, which reflects the altered perception of pain
stimuli due to neurobiological dysfunction [18]. Validat-
ed questionnaires are used to identify such mechanisms,
including painDETECT [19], NPQ [20], DN4 [21], and the
LANSS scale [22].

Sensory processing disorders are further assessed
by quantitative sensory testing (QST), which objectively
assesses peripheral and central sensitization [23]. Local
hypersensitivity reflects peripheral sensitization, while
widespread pain or hypersensitivity in remote areas in-
dicates central sensitization [24]. The most informative
parameters of QST are the pain pressure threshold (PPT),
temporal summation (TS), and conditioned pain modu-
lation (CPM), which allow assessment of the balance be-
tween nociceptive and antinociceptive systems [25].

In light of current evidence, the central mechanism of
KOA progression is chronic low-grade inflammation, which
supports nociceptor activation and the development of a

pathological pain phenotype [26]. The main sources of
inflammation are the well-innervated synovium and sub-
chondral bone. Synovitis and bone marrow lesions (BML)
play a leading role in the generation of pain [27].

These structures are characterized by overexpression
of proinflammatory cytokines — IL-6, IL-1B, and TNF-a
[28]. They not only support the inflammatory process,
but also directly activate peripheral nociceptors, amplify-
ing pain signals [29].

Prolonged exposure to proinflammatory factors leads
to chronic activation of nociceptors, the formation of pe-
ripheral and central sensitization, and the appearance of
symptoms characteristic of neuropathic pain. At the same
time, local microcirculatory disorders, hypoxia, and oxida-
tive stress contribute to further damage to joint tissues
and sustain the inflammatory cascade — these mecha-
nisms are potential targets for therapeutic intervention,
particularly with carboxytherapy.

Mechanisms of action of carboxytherapy in degenera-
tive-inflammatory diseases of the joints.

Carboxytherapy exerts a therapeutic effect through
two main types of reactions — immediate (rapid) and
delayed (cumulative) — that together create a favorable
microenvironment for correcting microcirculatory and in-
flammatory processes characteristic of OA.

1. Immediate mechanisms of action of CO,.

1.1. Vasodilation and improvement of microcircula-
tion.

One of the fastest physiological effects of carboxy-
therapy is endothelium-dependent vasodilation, which is
mediated by activation of NO synthase, increased nitric
oxide production, and dilation of precapillary arterioles.
A single transcutaneous or subcutaneous injection of CO,
significantly increases local blood flow and tissue perfu-
sion, as demonstrated in clinical studies of vascular and
trophic disorders [30, 31].

In the context of KOA, this mechanism is of particu-
lar importance, since impaired microcirculation, venous
stasis, reduced perfusion of the subchondral bone and
synovium, as well as local hypoxia are key triggers of sy-
novial inflammation, progression of structural damage
and the formation of chronic pain syndrome. Improving
local blood flow under CO, exposure potentially reduces
ischemic stress and may slow the progression of degener-
ative-inflammatory processes in the joint.

1.2. Bohr effect and enhanced oxygen release.

Anincrease in the partial pressure of CO, (pCO;) caused
by local gas administration causes a shift of the oxyhemo-
globin dissociation curve to the right, which is called the
“artificial Bohr effect”. Under these conditions, the affin-
ity of hemoglobin for O, decreases, and the release of
oxygen into the tissue is significantly enhanced, leading
to rapid compensation of local hypoxia. This mechanism
has been experimentally confirmed using spectroscopic
methods [32], in which the transcutaneous application of
dry CO, to healthy volunteers led to a significant increase
in the proportion of deoxygenated hemoglobin and a cor-
responding increase in tissue oxygenation.

A similar effect was previously demonstrated by Hart-
mann, who recorded a significant increase in tissue oxy-
genation after 20 minutes of local CO, exposure [33].

Relevance to KOA: Elimination of hypoxia in the sy-
novium and subchondral bone reduces HIF-1a activity,
limits the formation of reactive oxygen species (ROS),
inhibits the production of pro-inflammatory cytokines,
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and thus moderates the course of the chronic degenera-
tive-inflammatory process.

2. Delayed (cumulative) mechanisms of action of CO;.

2.1. Stimulation of angiogenesis and reparative pro-
cesses.

Delayed effects of carboxytherapy are associated with
the activation of angiogenesis and the enhancement of re-
parative mechanisms, which manifest only with repeated,
prolonged CO, use. When modeling femoral fractures in
rats, daily transcutaneous CO, administration for 3 weeks
resulted in the formation of a full-fledged bone callus in
90% of animals, compared to 20% in the control group,
accompanied by a significant increase in VEGF expression
and a greater microvascular response [34].

Relevance to KOA: VEGF is a key regulator of patho-
logical neoangiogenesis in the synovium and remodel-
ing of subchondral bone; therefore, the ability of CO, to
modulate this pathway may be important for the control
of chronic synovitis and the restoration of microvascular
architectonics of the joint.

2.2. Mitochondrial activation and tissue trophic
changes.

The cumulative effect of CO, includes not only angio-
genesis but also metabolic activation of tissues, particu-
larly an increase in mitochondrial density and improve-
ments in cellular energetics. In the study by Ueha et al.,
daily transcutaneous CO, application for 25 days led to a
significant increase in capillary density, an increase in the
number of mitochondria in muscle fibers, and a signifi-
cant increase in the animals’ physical endurance [35].

Relevance to KOA: increased microvascular blood
supply and increased metabolic activity of periarticular
muscles reduce ischemic stress around the affected joint,
maintain the stability of joint structures, and may indirect-
ly reduce the intensity of pain syndrome.

3.1. Reduction of pro-inflammatory cytokines and in-
duction of IL-10.

Carboxytherapy has a pronounced anti-inflamma-
tory effect, as demonstrated in experimental models of
systemic inflammation. Intraperitoneal administration of
CO; reduces the levels of key pro-inflammatory cytokines
TNF-a and IL-6, while increasing the concentration of IL-
10, which is accompanied by inhibition of NF-kB-depen-
dent transcription [36].

This cytokine profile corresponds to a shift in the im-
mune response towards anti-inflammatory, since IL-10 in-
hibits the secretion of TNF-a by macrophages and blocks
the activation of NF-kB — a key regulator of pro-inflamma-
tory gene expression.

Relevance to KOA: TNF-a and IL-6 are the main medi-
ators of synovial inflammation, cartilage degradation, no-
ciceptor activation and the development of neurosensiti-
zation. The ability of CO, to reduce their production has
direct pathogenetic significance for the control of chronic
inflammation in osteoarthritis.

3.2. Antioxidant activity and modulation of signaling
pathways.

Carboxytherapy has been shown to modulate key in-
tracellular signaling cascades involved in inflammation
and oxidative stress. In cell models, elevated CO, levels
reduce reactive oxygen species (ROS) production, inhibit
MAPK activation, and ERK1/2 phosphorylation, leading to
decreased expression of proinflammatory genes [37].

Relevance to KOA: Oxidative stress is a major contrib-
utor to chondrocyte injury, matrix degradation, and met-

abolic imbalance in subchondral bone. The ability of CO,
to reduce ROS-induced damage may limit the progression
of degenerative changes and maintain articular tissue ho-
meostasis.

3.3. Improving blood rheology.

Carboxytherapy also affects blood rheology, which is
important for microcirculation. In clinical studies involv-
ing patients with peripheral circulatory disorders, dry CO,
baths increased erythrocyte deformability, reduced eryth-
rocyte aggregation, and improved peripheral perfusion
[38].

Relevance to KOA: Normalizing blood rheology can im-
prove microvascular blood flow in the subchondral bone
and synovium, reduce ischemia, and create favorable con-
ditions for tissue trophism and reparative processes.

The mechanisms of action of CO; include vasodilation,
improved oxygenation, angiogenesis, mitochondrial ac-
tivation, anti-inflammatory and antioxidant activity, and
improved blood rheology — all of which directly affect key
pathogenetic links in osteoarthritis. The cumulative ef-
fect of carboxytherapy is to modify microcirculation and
inflammation, which makes this method a promising ad-
juvant tool in the complex treatment of degenerative-in-
flammatory joint diseases.

Thus, carboxytherapy demonstrates a complex effect
on the key pathogenetic mechanisms of knee osteoar-
thritis, including microcirculatory disorders, hypoxia, and
chronic inflammation. The immediate effects of CO, — va-
sodilation and enhanced oxygen release — directly correct
microvascular dysfunction, and the cumulative effects
promote angiogenesis and tissue repair [34]. The anti-in-
flammatory and antioxidant properties of CO,, in partic-
ular the reduction of TNF-q, IL-6, and the modulation of
NF-kB, are consistent with data from models of systemic
inflammation and emphasize its therapeutic potential
[36]. A comparison of available experimental and clinical
studies indicates that CO, may be an effective adjuvant in
the treatment of degenerative-inflammatory joint pathol-
ogies; however, the evidence for OA remains insufficient.
Further studies should focus on standardizing protocols,
dosages, and duration of CO, use in orthopedics.

Conclusions.

The results of the generalized analysis indicate that
carboxytherapy can positively influence the key patho-
genetic links of knee osteoarthritis — microcirculation,
hypoxia, and chronic inflammation — through a combina-
tion of vasodilation, angiogenic, metabolic, and immuno-
modulatory mechanisms. Such properties open the door
to considering CO,-therapy as a promising adjuvant in the
complex treatment of degenerative-inflammatory joint
diseases. Further studies may help clarify optimal appli-
cation regimens and assess the clinical significance of this
approach.

Prospects for further research.

Prospects for further research include conducting ran-
domized clinical trials to assess the clinical efficacy and
safety of carboxytherapy for knee osteoarthritis, as well
as determining optimal regimens for its use.
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Ocmeoapmpum KoniHHo20 cyenoba 3aauwaemocs OOHIED 3 aKMYyanbHUX npobaem cy4acHoi MeOuuyuHu y
387A3KY 3 BUCOKOI MOWUPEHICMIO, XPOHIYHUM repebicom ma 3HAYHUM He2amueHUM B8MAUBOM HA AKICMb Mumms
nauieHmis. Hakonu4eHi HayKogi 0aHi ceidoyams, WO MOPYyUeHHS MIKpOCYyOUHHOI nepgy3ii, N10KaaAbHA MKAHUHHA
2inokcis, eHoomenianbHa OUCGYHKUIS ma nepcucmyroye HU3bKOpieHese 3arnasneHHA sidizparome eaxciusy
pOsb Yy Npo2pecys8aHHi 30X80PHOBAHHA, hopMytoyu Hecripuamsause memabosniyHe cepedosuuje 8 cyanobosux i
nepuapmMuKyASPHUX MKAGHUHAX. Y 303HaYeHuXx namogizionoaiyHux ymosax cmaHOapmHi meparnesmuyHi nioxoou
Marome NepesaxHoO CUMNMOMaMUYHULU XapaKkmep i xapakmepusyromoscs 06MexeHUM 8aAUBOM HA NamozeHemuYHi
MexaHi3mu ocmeoapmpumy. OKpemuli Haykosuli iHmepec cmaHo8aIMb ghiziomepanesmuyHi Memoou, CripAMOBAHi
Ha KOpeKUito MIKpOYUPKyAaSmopHuUX i MemabosniyHux nopyweHs. Kapbokcimeparnis, wjo nepedba4yae nokasnsbHe abo
MPAHCKYyMaHHe 30CMOCyB8aHHSA 8y2/1eKUC/1020 203y, p0321900EMbCA AK Nidxio i3 6azamopieHesuM MexaHizmom 0ii. 3a
OaHUMU eKcriepuMeHmManbHUX 00CNiOHeHb, NiI0BUWEHHSA I0KAMbHO20 NapuyiansHo2o mucky CO, Cyrnpo8odHyeMbCsa
MOKPAUWEHHAM MKAHUHHOI OKCU2eHauyii, 84G30MOMOPHUMU PEeaKyiasMU ma 3MeHWEeHHAM rpoAsie 2inoKCUYHO-
iHOyK0BAHO20 YyWKOOMEHHA. Kpim moeo, 8 eKcriepumeHmasnbHUX 00CaiOHeHHAX npodemoHcmposaHo eraus CO;
HO aKmueauilo aHziozeHe3y, MoOUIKAYil0 KAIMUHHO20 eHepaemu4yHo20 0OMIiHYy ma peayaayito iMyHo3anaabHoi
8i0noeidi. AHaniz docmynHux nybnikayili ceidyume, wWo Kapbokcimepanis moxe po3enadamucs K a0’ to8aHMHuUl
MemooO y KOMMAeKCHOMY fiKy8aHHI ocmeoapmpumy KoniHHo20 cyenoba. BoOHovac Ha cyvyacHomy emarni obcse
00Ka308UX OQHUX 30/UWAEMbCA 0OMeHeHUM, Wo 0brpyHmMosye 0oyinbHicms npoeedeHHsa nodanbiux KAiHIYHUX

00cnioHeHs.

Knrouoei cnoea: kapbokcimepanis, ocmeoapmpum, KoniHHUl cy2no6, apmpo3s, apmpum, Npomu3anasabHa Ois,

oKcuoamueHuli cmpec.

38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-JoCAiA-
HUMK poboTamu.

Pobota € ¢pparmeHtom HAP «OKnNt03iliHI 3axBopto-
BaHHA apTepii Ta BeH Npu meTaboniyHuMx posnasax»,
HOMep Aep¥aBHOI peecTpauii 0125U003270.

Bcryn.

OcTteoapTpuT KoniHHoro cyrnoba (OA KC) € ogHieto 3
NPOBIAHWUX MPUYMH XPOHIYHOFO 6010, GYHKLLIOHANbHUX
obmerKeHb Ta iHBaNiAHOCTI cepepn, Noaen NiTHbOTO BiKY.
Moro nporpecyBaHHA NoB’A3aHe 3 XPOHIYHUM OKCHAa-
TUBHMM CTPECOM, AMCHanaHcom BHYTPIlLHbOCYrN060-
BOr0O rOMEeOCTa3y Ta CTPYKTYPHUM YLUKOAMKEHHAM XPALLA
[1]. 3HayHOW mipoto KaiHiyHiI NnposBu OA KC 3ymoBneHi
NepcuCcTyIO4YMM CMHOBIAZIbHUM 3ananeHHAM, eHpoTeNi-
ANbHOI AMCOYHKLIE Ta MNOPYLIEHHAM MiKPOLMPKYNsA-
Lii B NnepnapTUKyNAPHUX TKaHUHaX [2].

PagukanbHux metogis nikysaHHA OA KC He icHye.
HaasHi TepaneBTWYHI cTpaTerii 30cepenrkyroTbCa Ha
KOHTPO/i 60/1t0 Ta YNOBINIbHEHHI AereHepaTUBHUX 3MiH,
npote edeKkTUBHICTb HaraTbox GapMaKoNoriYHMX 3a-
cobiB € obMmexeHot, a iX TpMBane 3aCToCyBaHHA aco-
uinoBaHe 3 pu3MKom nobiyHux edekTis [3]. BogHouac
peasnibHa NPUXUABHICTb A0 AOKA30BUX HedapMaKonoriy-
HWUX BTpyYaHb (peabinitauis, GpisnuHi BNpaBu, 3HUKEHHS
MacK Tina, HaBYAHHA) 3a/IMWAETbCA HEAOCTAaTHLOW —
meHW HiXX 40% nauieHTiB OTPUMYIOTb PEeKOMeHA0BaHy
Tepanito [4].

KniHiYHi HacTaHOBM HAroNOWYOTb HA BaX/AUBOCTI
KOHCEepPBATMBHUX MiAX0A4iB, NPOTE OAEH i3 HUX He 34a-
TEH [AOCTOBIPHO 3yNUHUTU abo 3BEpPHYTU Hasaz npo-
rpecyBaHHa OA KC [5, 6, 7]. Lle niakpecntoe notpeby y
NOLUYKY HOBUX METOZiB, 34aTHUX MoguMbiKyBaTH KatoYo-
Bi MATOreHETUYHI NaHKM — 30KpeMa MiKpOCYAMHHY AMC-

bYHKLiI0, TKAHWMHHY TIMOKCilO Ta XPOHiYHE HU3bKOpPiBHE-
Be 3ananeHHs [8].

Ha ubomy Tni 3pocTae iHTepec o KapbokKcitepanii
— Tepanii Byrnekucamm rasom (CO,), disiotepaneBTny-
HOTrO METOAY, L0 MAE BUPAXKEHI CYAMHHI, meTaboniyHi
Ta iMyHOMmoAytoBabHi BhactuBocTi. EpekTusHictb CO,
onucaHa y KapgioBackynapHii meguumti [9], y peabini-
TaUiMHIM Ta ecTeTMYHIK MmeanumHi [10], a TaKoXK y AOKAi-
HIYHUX MOAeNsax, Ae NPOAEMOHCTPOBAHO MOCUNEHHSA Mi-
KPOLMPKYNALi, aHrioreHe3y Ta penapaTtMBHUX NpoLLecis
[11, 12].

3 ornAgy Ha nNaToreHeTWMYHy pPOoAb TFinoKcii, eHAo-
TenianbHOi ANCPYHKUIT Ta Npo3ananbHUX LUTOKIHIB y
PO3BUTKY apTpo3iB i apTpuTiB, KapboKciTepania pos-
rNALAETLCA AK MEPCNeKTUBHWUI iHHOBALIMHMIA niaxiz,
30aTHUIA MoaMbiKyBATU MIKPOLMPKYAALIO Ta 3anafbHy
BiZAMOBIAb, WO 06rpyHTOBYE HEOOXIAHICTb il AeTaNbHOIO
OOCNIAXKEHHS B OpTONEANYHI NpaKTUL,.

MeTa gocnigKeHHs.

OUiHMTK NaToreHeTUYHI NiACTaBM 3aCTOCYBaHHA Kap-
6oKciTepanii npu octeoapTpuTi KoniHHoro cyrioba Ta
y3aranbHUTU eKCNEPUMEHTA/IbHI 1 KNiHIYHI AaHi wogo Ti
BM/IMBY HAa MiKPOLIMPKYAALiI0, TKAHWHHY OKCUIeHaLl,ito Ta
3anaibHi MexaHi3amu.

O6’eKT i meTOaM AOCNiAXKEHHA.

Y poboTi npoBeseHO HapaTMBHO-OMNALOBUIA aHa-
Nli3 Cy4aCHUX eKCMepUMMEHTANIbHUX i KAIHIYHWX [ochi-
OXKeHb, MPUCBAYEHUX 3aCTOCyBaHHIO KapboKciTepanii
npu NaToNOrifAX ONOPHO-PYXOBOrO anapaTty Ta MeXaHi3-
Mam i gii Ha MIKPOUMPKYAALLD, TKAHWHHY OKCUIeHaL,ito
Ta 3anafbHi npouecu. MowykK niTepaTypu 3ailcHIOBa-
nn B 6asax gaHux PubMed, Scopus, Web of Science Ta
Google Scholar 3a kntoyosmMmu cnosamu “carbon dioxide
therapy”, “carboxytherapy”, “CO, transcutaneous
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application”, “microcirculation”, “Bohr effect”,
“angiogenesis”, “synovitis”, “osteoarthritis”, “arthritis”,
“subchondral bone”, “inflammation modulation”. [o
aHani3y BKIOYAAN OPUTiHANIbHI AOCNIAXKEHHA in vivo Ta
in vitro, KNiHiYHi paHaomi3oBaHi 1 obcepBauiiHi pobo-
TW, CUCTEMATUYHI OrIAAM Ta MeTaaHani3un, a TaKoX pe-
NeBaHTHI ¢isionoriyHi gocniarkeHHa mexaHiamis gii CO,.
He BKAtOYaNM poboTH HU3bKOI METOAONOTIYHOT SKOCTI Ta
ny6nikauji, Lo He MiCTUAN AaHUX MPO MeXaHi3MK1 BNAK-
By CO, abo Moro posnb Npu 3axBOPOBaHHAX cyrnobis.
OTpuMaHi pe3ynbTaTv y3araibHIOBa/IM 32 KAOYOBUMMMU
HanpAMaMu: HeramHi cyauHHi Ta meTaboniyHi edekTn
CO,, BiACTPOYEHI aHTiOreHHi Ta penapaTmMBHiI MexaHiamu,
iMyHOMOAYNIOBAJIbHI BAACTUBOCTI Ta IXHA pe/ieBaHTHICTb
naTtoreHesy apTpo3iB i apTpuUTIB.

OcHOBHa YacTuHa.

CyuacHi yasneHHA npo natoreHe3 OA KC 3Ha4yHO eBo-
NOLOHYBa/IN: CbOrOAHI 3aXBOPHOBAHHA PO3rNALAETLCA
He AK HaCNiJOK «MeXaHIYHOro 3HOLIEHHA», a AK Aere-
HepaTMBHO-3aMaabHUIA MPOLLEC, Y AKOMY B3aEMOZitOTb
iMYHONOTiYHI, HEMPOBIONOTiYHI Ta MIKPOLMPKYAATOPHI
MexaHi3amu. OgHMM i3 K1YOBUX NPOSBIB € 6inb, NpUpo-
[,a AKOrO BUXOAUTb AasieKo 33 MeXKi NpoCcToro HoumLuen-
TMBHOTO YLIKOAMKEHHSA.

TpuBanuii Yac BBaXKasocs, WO iHTEHCUBHICTb H6onto
KOpentoe 3i cTyneHem aereHepauii XpAawa, ogHaK 4uc-
NIeHHI AOCNIAXKEHHA 3anepeyytoTb L0 KoHUenujto. Y po-
60Ti Finan Ta cniBaBsT. 6y/10 NOKa3aHO BiACYTHICTb NpAMOT
Bi4NOBIAHOCTI MiXK peHTreHonoriyHo TAXKKicTio OA KC
Ta BUpakeHicTio 6onto [13]. Kpim Toro, Ao 20% navieHTis
NPOAOBXKYOTb BiAYYBaTW XPOHIYHMI 6inb HaBiTb nicnA
TOTAaNbHOTO eHAOMNPOTE3yBaHHA KONIHHOrO cyrnoba,
nonpu NOBHE BUAANEHHA YLWKOAMKEHUX CTPYKTYyp [14].
Lle cBiaYMTb NPO HAABHICTb Binbll KOMNAEKCHUX MeXa-
Hi3miB popmyBaHHA 601bOBOTO GeHoTUMY.

HuHi 6inb npu OA KC po3rmagatoTb sk HaraTokom-
NOHEHTHUI PEHOMEH, SIKUI BKIOYAE HOLMUENTUBHUN,
HENPOMNATUYHUIA Ta HOLMMNACTUYHUIA mexaHismu [15].
Y 3HayHOI YacTKM nauieHTiB (~40%) HasBHI cMMNTOMMU,
XapaKTepHi Ans HeiponaTUyHoro 60t0: BigYyTTA NeyiH-
HSA, €/IEKTPUYHOrO CTPYMY, NapecTtesii UM OoHiMmiHHA [16].
HelponaTnyHuii 601bOBUI KOMMNOHEHT NOB’A3aHUN i3
nopyLueHHsam PpyHKLiT comaToceHCopHOoi cnuctemm [17].

OpHak ceHcubinisauia HoumuenTopis Moxke popmy-
BaTUCA HaBiTb 6e3 CTPYKTYPHOrO ypaKeHHsA, WO CTano
niACTaBo A1A BBEAEHHA TepPMiHA HOLMNAACTUYHUIA
6inb, AKUI Bigobparkae 3miHeHe CNPUIHATTA 60ALOBUX
CTUMYNIB YHaCNiAOK HenpobionoriyHoi ancoyHKuii [18].
[na BMABNEHHA TaKMX MeXaHi3MiB 3aCTOCOBYIOTb BaJli-
[0BaHi onuTyBanbHUKKM — painDETECT [19], NPQ [20],
DN4 [21], a Takox wKany LANSS [22].

MopylweHHss CeHCOpHOi 06pPO6KM [0AATKOBO OLi-
HIOKOTb MEeTOZaMM Ki/IbKiCHOrO CEHCOPHOro TecTyBaHHA
(QST), sAKki go3BoNAOTL 06’EKTUBHO BU3HAUNTK nepude-
PUYHY Ta UeHTpanbHy ceHcubinisauito [23]. JlokanbHa
rinepyyTIMBicTb Bigobpaykae nepudepuyHy ceHcubini-
3auito, ToAji AK nowwupeHa 6inb abo nigBuLLEHA YyTAU-
BiCTb Y BiAAaNneHUX AiNAHKAX CBiAYATb NPO LEHTPasbHy
[24]. Halibinbw iHpopmaTMBHUMM napameTpammn QST €
nopir 6onboBoro TMcky (PPT), TumuyacoBa cymauia (TS)
Ta yMmoBHa moaynsuis 6onto (CPM), Lo A03BONAIOTH OLLi-
HUTU 6anaHC HOUMLENTUBHUX Ta aHTUHOLMUENTUBHUX
cuctem [25].

Y CBiTAI Cy4aCHUX AaHUX LEHTPANbHMM MeXaHi3MoM
nporpecyBaHHA OA KC € xpoHiYHe HU3bKOpiBHEBe 3a-

naseHHs, AKe MIATPUMYE aKTUBALIO HOLMLENTopiB Ta
dopmyBaHHA naTonoriyHoro 6osboBoro peHoTmny [26].
OCHOBHMMMU AxKepesaMu 3ananeHHA € gobpe iHHepBo-
BaHi cMHOBIafbHa 060/10HKa Ta cybxoHApanbHa KicTKa.
CUMHOBIT Ta KiCTKOBO-MO3KOBIi yparkeHHs (MMK) Bigirpa-
I0Tb MPOBIAHY POAb Yy reHepaLii 6onto [27].

Y UMX CTPYKTYypax Bif3HauYatoTb HAAMIPHY eKcnpecito
npo3anasibHUX LMTOKIHIB — IL-6, IL-1 i TNF-a [28]. BoHu
He /iMLe NiATPUMYIOTb 3anasibHUI npouec, a 11 6esnoce-
pefHbO aKTMBYOTb NepudepuyHi HoLMLENTOPU, NOCU-
notoun 6o0nboBiI curHanm [29].

TpuBana gisa nposananbHux GakTopiB NPW3BOAUTH
[0 XPOHiYHOI aKkTMBauii HoumuenTopiB, GopmMyBaHHA
nepudepuyHoi Ta LeHTpanbHoi ceHcmnbinisauii i noasu
CUMNTOMIB, XapaKTepHUX ANA HelponaTuyHoro 6osto.
BogHo4ac noKabHI MiKPOLMPKYNATOPHI MOPYLIEHHSA, Ti-
MOKCifA Ta OKCUAATUBHUI CTPEC CNPUAIOTb NOAANbLIOMY
YWKOAXKEHHIO CYyrN060BMX TKAaHWH Ta MiATPUMYOTb 3a-
nasibHUM KacKag, — came Ui MeXaHi3MW € NOTEHLiMHUMM
MilLeHAMW A1A TepaneBTUYHOro BTPYYaHHA, 30Kpema 3
BMKOPUCTAaHHAM KapbokciTepanii.

MexaHismu 0ii kKapbokcimepanii npu deceHepamus-
HO-3aranbHUX 30X80PHOBAHHAX cy2n0bis.

KapboKciTepania peanisye TepaneBTUYHUI edeKT
yepes ABa OCHOBHUX TUMM PeaKLilt — HeranHi (LWBMAKi)
Ta BiACTPOYEHi (KymMynaTUBHI), WO pa3om GoOpMyOTb
CNPUATAMBY MiKpocepeay ANA KOpPeKLUii MIKpOLMPKY-
NATOPHMX Ta 3aNaNbHMX NPOLLECIB, XapaKkTepHux ana OA.

1. HeealiHi mexaHizmu 0ii CO;.

1.1. Basogunartayis Ta NOKPALLEHHA MIKPOLUMPKYNA-
L.

OaHUM i3 Hanwemawmx ¢isionoriyHnx edpekTiB Kap-
6oKciTepanii € eHAaoTeni3anexHa BasogunaTalis, Wo
peanisyeTbca yepes aktmBauito NO-cuHTa3m, niasuLLeH-
HA NPOAYKLUii OKcMAy a30Ty Ta PO3LWMPEeHHA npekani-
NApHUX apTepion. OgHOpPa3oBe TpaHCKyTaHHe abo cy6-
WKipHe BBegeHHA CO, AOCTOBIPHO 36i/bLUYE TOKaNbHUI
KPOBOTIK i Nepdysito TKAHWH, LLLO NPOAEMOHCTPOBAHO Y
KNIHIYHUX JOCAIAXKEHHAX NPU CYAUHHUX Ta TPOdIUHMX
nopyweHHsx [30, 31].

Y koHTeKcTi OA KC uelt mexaHism mae ocobmBy 3Ha-
YYLLICTb, OCKINIbKM NOPYLUEHHA MIKPOLIMPKYAAL,ii, BEHO3-
HUI cTa3, 3HMXKeHHA nepdysii cybxoHApPanbHOI KicTKK
Ta CMHOBIT, @ TAaKOX JIOKa/ibHA TiMOKCIiA € KAHOYOBUMMU
TpUrepamu CMHOBIANbHOTO 3aMafieHHA, NPOorpecyBaHHA
CTPYKTYPHUX YLWKOAXKEHb | GOpMYyBaHHSA XPOHiYHOro 60-
JIbOBOrO CMHAPOMY. [TOKpaALLLEHHA NOKa/IbHOTO KPOBOTO-
Ky nig snavsom CO, NOTEHLIMHO 3MEHLUYE ieMivyHni
cTpec i MoXe npurasbmMoByBaTK nepebir gereHepaTms-
HO-3aMnabHUX NPOLECIB Yy CYrnoobi.

1.2. EdekT bopa Ta nigcnneHe BMBIZIbHEHHA KUCHIO.

MiaBuweHHA napuianbHoro Tucky CO, (pCO,), cnpu-
YMHEHEe JIOKa/IbHUM BBEAEHHAM ra3y, 3yMOBJIIOE 3CYB
KpuBOi gucouialii okcuremornobiHy BnpaBo, WO OT-
PUMano Ha3By «LWTYYHWUIA edeKT bopa». Y uMx ymoBax
cnopigHeHicTb remornobiHy go O, 3MEHLWYETbCA, @ BU-
Bi/IbHEHHA KMCHIO Y TKAHWMHW ICTOTHO NMOCUAIOETLCA, WO
BeZle A0 WBMAKOT KOMMNEHcaLi IoKa/bHOT rinokKcii. Llen
MexaHi3M eKcnepuMeHTasIbHO NiATBEPAKEHO 33 A0no-
MOTOI CMEKTPOCKOMIYHUX MEeToAiB AocnigweHHa [32],
e TPaHCKyTaHHe 3actocyBaHHA cyxoro CO, y 310poBuMxX
[06p0oBO/bLIB NPU3BOAMNO A0 3HAYHOrO 36iNblweHHA
YaCTKN Ae0KCMreHOBaHOro remoriobiHy Ta BignosigHo-
ro 3pOCTaHHA TKAHWHHOI OKCUTreHalLlii.
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PaHiwe aHanoriyHM edeKT npoaemMoHCTpyBaB
Hartmann, 3adikcyBaBlIM [OCTOBipHE MiABULLEHHSA
OoKcureHauii TKaHMH nicna 20-XBUAWMHHOIO JI0Ka/AIbHOTO
snavey CO, [33].

PeneBaHTHicTb ana OA KC: ycyHeHHaA rinokcii y cuHo-
Bil Ta CyOXOHAPaNbHIl KiCTLi 3HUKYE aKTUBHICTb HIF-1a,
0bMeKY€E YTBOPEHHS peakTUBHUX ¢dopm KucHio (ROS),
NPUrHiYye NPOAYKLIit0 Npo3anasbHMUX LIUTOKIHIB | TaKUm
UMHOM Mogepye nepebir XpoHiYHOro AereHepaTuB-
HO-3aManbHOro Npouecy.

2. BiocmpoueHi (kymynamueHi) mexaHizmu 0ii CO;.

2.1. CtTumynAauia aHrioreHesy Ta penapaTUBHUX MPO-
uecis.

BiacTpoueHi edpekTn KapboKciTepanii noB’A3aHi 3 ak-
TUBALLEID aHrioreHe3sy Ta MOCU/IEHHAM penapaTUBHMUX
MEXaHi3MiB, WO NPOABNAIOTLCA /MLIE 32 YMOBWM MNOB-
TOPHOro Ta Tpueanoro 3actocyBaHHA CO,. MNpu moae-
JIIOBaHHI Nepesiomy CTErHOBOI KiCTKM Y LUypiB WoAeHHe
TpaHcKyTaHHe BBefeHHA CO, NpOTArOmM TPbOX TUIKHIB
3yMoBMI10 GOpPMyBaHHA NOBHOLLIHHOI KiCTKOBOI M030/i y
90% TBapWH NpoTn 20% y KOHTPOAI, CyNnpPOBOAKYHOUYUCH
iCTOTHUM nigguLeHHAM ekcnpecii VEGF Ta nocuneHHAM
MiKpOCYANHHOT peaKuii [34].

PeneBaHTHicTb ana OA KC: VEGF € kntouoBum pery-
NIATOPOM NaTONOTYHOIO HEOAHTIOreHe3y y CMHOBII Ta pe-
MOZeNtoBaHHA cybXOHAPanbHOT KiCTKM; TOMy 34aTHICTb
CO, moayntoBaTh Lel WAAX MOXKe MaTh 3HAYEHHA A
KOHTPO/IO XPOHIYHOrO CUHOBITY Ta BiAHOB/IEHHA Mi-
KPOCYAMHHOT apXiTEKTOHIKM cyrnoba.

2.2. MiToxoHApiafibHa aKkTMBaLisA Ta TPOGIUYHI 3MiHM
TKaHUH.

KymynatusHa gia CO, BKIOYAE He INLLE aHTioreHes,
a 1 meTabosiyHy aKTMBaALilO TKaHMH, 30Kpema 36inb-
WEeHHA MITOXOHAPIaNbHOI LWiNbHOCTI Ta NOKpaLeHHA
KNITUHHOI eHepreTukn. Y gocniaskeHHi Ueha Ta cnisasT.
WoAeHHe TpaHCKyTaHHe 3actocyBaHHA CO, npoTtarom
25 aHiB Npu3BOAUNO A0 AOCTOBIPHOIO MiABULLLEHHA Ka-
NiNAPHOI rYCTUHU, 36iNbLIEHHS KiIbKOCTI MITOXOHAPIN Y
M’A30BUX BOJIOKHAX Ta CYTTEBOro 3pOCTaHHA isnyHoi
BUTPUBANOCTI TBApWH [35].

PeneBaHTHicTb Ana OA KC: nocuneHHA MiKpocyauH-
HOrO KPOBOMOCTAYaHHA Ta NiABULLEHHA MeTaboniyHoi
AKTMBHOCTI MepUapTUKYNAPHUX M'A3IB 3MeEHLUYE ile-
MIYHUI CTPEC HaBKO/IO ypaxKeHoro cyrnoba, niaTpumye
CTabiNbHICTb Cyrn0b60BMX CTPYKTYpP | MOXKe onocepenKo-
BAHO 3HWKYBATM iHTEHCUBHICTb 60/IbOBOrO CUHAPOMY.

3.1. 3HMKEeHHA Npo3anasbHMUX UMTOKIHIB Ta iHAYKLiA
IL-10.

KapbokciTepanis YAHUTb BUPaXKEHUIM NpoTMU3anaib-
HWI BNAMB, WO NIATBEPAKEHO Ha €KCMEepPUMEHTANbHUX
MOAENAX CUCTEeMHOT 3ana/sibHoi BignoBiAi. BHyTpiw-
HboyepeBMHHe BBegeHHA CO, 3HWMMKYE PiBHI KAOYOBUX
npo3anasbHuX unTokiHiB TNF-a Ta IL-6, ogHoYacHo nig-
BULLYIOUYN KOHUeHTpauito IL-10, wo cynpoBoaKyeTbCA
iHrioyBaHHAM NF-KB-3anexKHoi TpaHcKpunuii [36].

Takuli unTOKiHOBUIM Npodinb BiANOBIAAE 3MiLLEHHIO
iMyHHOI Bignosigi y 6ik npoTusanasbHoi, ocKinbkK IL-10
ranbmye cekpeduito TNF-a makpodaramm Ta 610Kye akTu-
BaLito NF-kB — Knto4oBoOro perynsatopa ekcnpecii nposa-
NasbHUX reHiB.

PeneBaHTHicTb gna OA KC: TNF-a Ta IL-6 € rofioBHK-
MW MefliaTopaMu CUHOBIaIbHOTO 3aManeHHA, aerpagauii
XpALa, aKTMBaLii HOLMLENTOPIB i PO3BUTKY HEpOCeH-
cubinizauii. 3aaTtHicte CO, 3HMMKYBATWU TXHIO NpOAYK-

Lito Mae b6e3nocepesHE NaTOreHeTUYHE 3HAYEHHA ANA
KOHTPOJIHO XPOHIYHOTO 3aMasieHHA NPU OCTEOAPTPUTI.

3.2. AHTMOKCMAAHTHA AiAa Ta MOAYANALIA CUTHANbHUX
LWNAXIB.

KapboKciTepanis AeMOHCTPYe 34aTHICTb MOAy/Nt0Ba-
TW KNKOYOBI BHYTPILWHBbOKNITUHHI CUTHA/bHI Kackaau, Lo
6epyTb y4acTb Yy PO3BUTKY 3ananeHHA Ta OKCUAATUBHOIO
cTpecy. Y KNITUHHUX MoAdensax nigsuweHnin piseHb CO,
3HUMKYE YTBOPEHHA peakTUBHUX ¢opm KucHio (ROS),
iHribye akTmBauito MAPK-kackag Ta docdopunsauiio
ERK1/2, Wwo npu3BoanTb A0 3MEHLLEHHSA eKcnpecii npo-
3ananbHuKX rexis [37].

PenesaHTHicTb gna OA KC: OKCMOATUBHWUIN CTpec €
OAHVM i3 MPOBIAHUX GAKTOPIB YLWKOAKEHHA XOHAPO-
uMTiB, Aerpaalii MaTPUKCy Ta NopyleHHA meTaboniy-
HOI piBHOBaru y cybxoHapanbHin Kictui. 3gatHictb CO,
3MmeHLwWwyBaT ROS-iHAyKOBaHEe YLWKOAXKEHHA MOXe 06-
MEeKYBaTU NPOrpecyBaHHA AereHepaTUBHUX 3MiH i Mia-
TPUMYBATM FOMEOCTa3 CyrN060BUX TKAHMH.

3.3. MNMoKpaLeHHs PeonoriYyHMX BAaCTUBOCTEN KPOBI.

KapboKciTepanis TakoX BM/MBAE Ha PEO/OriyHi Na-
pameTpu KpOBi, O MaA€E 3HAYEHHA A8 MIKPOLMUPKYNA-
uii. Y KAiHIYHMX OOCAIAMKEHHAX 32 y4yacTio NALiEHTIB i3
nopyLeHHAM nepudepryHoro Kposoobiry cyxi CO,-BaH-
HU NigsuyBann AedopMOBaHICTb epUTPOLUTIB, 3MEH-
LWyBaNM arperaLito epuTpPoLMTIB Ta CIPUAAN NOKPaALLEH-
Hto nepundepunyHoi nepoysii [38].

PeneBaHTHicTb gna OA KC: Hopmanizauis peonoriy-
HUX BNACTUBOCTENM KPOBi MOXe MOKpallyBaTh MiKpoOCy-
OVNHHWIA KPOBOTIK Y CyGXOHApPaNbHIl KiCTLi Ta CUHOBII,
3MEeHLUIYBATH iLLeMito Ta CTBOPIOBATM CIPUATINBI YMOBMU
ONA TKAHUHHOI TPOdiKKM Ta penapaTMBHMX NPOLLECIB.

MexaHiamu gii CO, nonarae y Basogmnatau,ii, nokpa-
LLLeHHI OKCUreHau,i, aHrioreHesi, akTMBALLT MITOXOHAPIN,
NPOTU3ananbHi Ta aHTUOKCUAAHTHIN aKTMBHOCTI, Mo-
KpaLLLEeHHi peosioriYHMX BNaCTMBOCTEN KpoBi — be3noce-
peaHbOo BM/IMBAKOYM Ha K/HOYOBI MATOrEHETUYHI JIaHKK
octeoapTpuTy. CykynHuii edekT Kapbokcitepanii nona-
rae y moamndikauii mikpouupKyaauii Ta 3ananeHHa, LWo
pobuTb Uet meTon NepcrnekTUBHUM af’toBaHTHUM iH-
CTPYMEHTOM Y KOMMJEKCHOMY NiKyBaHHI AereHepaTms-
HO-3anaNbHMX 3aXBOPOBaHb Cyr1o6is.

TakMm YMHOM, KapboKciTepania AEMOHCTPYE KOMM-
JNIEKCHUI BM/IMB Ha K/HOYOBI MaTOreHeTUYHi MexaHi3mu
OCTE0APTPUTY KOMIHHOTO cyrnoby, BKAKOYaOUM Mopy-
LEeHHA MIKPOLMPKYNALLT, FINOKCiO Ta XPOHiYHE 3ananeH-
HA. HeraiHi epektn CO, — BasoannaTtauia Ta niacuneHe
BMBINIbHEHHA KUCHIO — He3nocepesHbo KOPUFYOTb Mi-
KPOCYAMHHY AMCOYHKLO, @ KYMYNATUBHI edeKTn cnpu-
AOTb aKTUBaLii aHrioreHe3y Ta penapauji TKaHuUH [34].
MpoTn3ananbHi Ta aHTMOKCMAAHTHI BnactmeocTi CO,,
30Kpema 3HMKeHHA TNF-a, IL-6 Ta mopgynauia NF-kB,
Y3rOZKYHOTbCA 3 AaHUMKU MOAeNen CUCTEMHOro 3ana-
NIEHHA Ta NiAKPECNIOOTb MOro TePaneBTUYHUI NOTEHL,i-
an [36]. MNopiBHAHHA AOCTYMHUX €KCNepPUMEHTaNIbHUX i
KNiHIYHUX pobiT cBigumThb, Wo CO, MoxKe byTH edeKTmB-
HUM aZ'tOBAaHTHMM METOAOM Y JliKyBaHHI AereHepaTms-
HO-3ana/ibHWX NATOJOriN cyrnobis; 0OAHAK AOKasiB Woa0
OA nokn HeaocCTaTHbO. [Moganblli AOCNIAMXKEHHA MAKOTb
30cepenKyBaTUCh HA CTAaHAAPTM3aL,T NPOTOKONIB, [,03Y-
BaHb i TpMBanocti 3actocyBaHHA CO, B opTones;i.

BucHOBKM.

OTpuMaHi pe3ynbTaTu y3araJibHEHOro aHanisy cBia-
yaTb, WO KapboKciTepania mose NO3UTUBHO BNAMBATU
Ha KHYOBI NATOrEHETUYHI TIaHKU OCTEO0APTPUTY KOJiH-
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Horo cyrnoba — MiKpOLMPKYAALL, MMOKCIt0 Ta XPOHIYHE  PEXMMIB 3aCTOCYBaHHA Ta OLiHLi KNiHIYHOT 3HAYYLLOCTI
3ananeHHsa —yepes NoeAHaHHA Ba3oAUNaTaLiiiHuX, aHri-  LbOro niaxoay.
OreHHUX, MeTaboniuHMX Ta iIMyHOMOYNOBaNbHUX MeXa- MepcnekTMBN NOAANBLINX AOCNIAMKEHD.

Hi3miB. Taki BNIacTUBOCTI BiAKPMBAIOTb MOX/IMBOCTI AN1A rlepCI'IEKTl./iBVI NOAaZblMX AOCMAMEHL NONATaloTh

030184V CO--Tepanii K NepcaeKTUBHOM ad' osaHtHo- Y npoBeAeHHI PaHAOMI30BaHUX KAIHIYHUX OOCAIAMKEHb
m -Tepanii AK NepcneKkTUBHOr HTHO- . A .

P Ay LD2Tep P A 3 MeTOol OLHKM KAiHiYHOT edeKTUBHOCTI Ta He3neku

ro METOAY y KOMMJEKCHOMY JIIKyBaHHI AEreHepatns- . an60Kcitepanii Npu ocTeoapTpuTi KOMIHHOTO cyrnoba,
HO-3ana/ibHMX 3axBOptoBaHb Cyrn06iB. Mogdanbli A0- 3 TaKOX y BU3HAUYEHHI OMTUMANbHUX PEXMMIB ii 3aCTO-
CNiAXEHHA MOXYTb CNPUATU YTOYHEHHIO OMTUMAJIbHUX  CYBaHHA.
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IHHOBALIMHUI MIAXIA OO NIKYBAHHA APTPO3IB TA APTPUTIB KOJIIHHOMO CYINOBA: KAPEOKCITEPAMIA
AK MOAUDIKATOP MIKPOLIUMPKYNALLT I 3SANANEHHA

Boiiko C. O., Mywkaw . I., Monosuu A. M., CkpunuHeub 0. M.

Pe3stome. OCTe0apTPUT KONIHHOTO Cyr1o6a € O4HUM i3 HaMNOLWMPEHIWNX AereHepaTUBHO-3amnaibHUX 3aXBOPIO-
BaHb, LLO CYNPOBOANKYETHCA XPOHIUHUM 6oem, GYHKLIOHANbHUMWN OBMEKEHHAMM Ta NPOrPECUBHUM YLIKOAMKEH-
HAM cyr1060BMX CTPYKTYp. Moro nepebir TicHO NOB’A3aHMIA i3 NOPYLLUEHHAM MIKPOLMPKYAALLT, TKAHUHHOIO FiNOKCi-
€10, eHAoTeN ianbHO AUCOYHKLIE Ta TPMBAIMM HU3bKOPIBHEBMM 3aMaseHHAM, AKI NiIATPUMYIOTb AereHepaTUBHi
npowecu i GopmyBaHHA cCKagHoro 601b08oro peHoTMny. Monpun HaaBHICTb LWMPOKOTo cnekTpa dapMaKoNorivyHNX
i HedbapMaKoNOriYHMX NiAX0AiB, KOAEH i3 HUX He 34aTeH AOCTOBIPHO 3YNMUHUTM NPOrpecyBaHHs 3aXBOPIOBAHHSA, a
epeKTUBHICTb TPMBAIOro 3aCTOCYBaHHA OKpeMux 3acobis € obmexeHoto. Lie 3ymosntoe notTpeby y noLyKky HOBMX
a4 toBaHTHUX METOAIB, CNPSMOBAHUX Ha KOPEKLLitO K/TOYOBMX NaTOreHETUYHMUX MEXaHi3MiB.

KapboKciTepanis, ¢isioTepaneBTUYHMIA METOZ, i3 3aCTOCYBAHHAM MEAWMYHOro BYIIEKMC/IOFO rasy, NpUBEPTAE
yBary 3aBAfAKM 34aTHOCTi NOKPaLLyBaTH MiKPOCYAMHHUI KPOBOOGIT, NiACUNIOBATU OKCUTEHALLII0 TKAHWH, MOAYNI0Ba-
TM 3ana/ibHi peakLii Ta 3MeHLWYBaTM OKCMAATUBHUI cTpec. AHai3 CyYaCHUX eKCNepUMEHTaNbHUX i KNiHIYHUX Aochi-
OKeHb CBiAUUNTD, Wo CO2 YNHUTD K HEeraiHi CyauHHI ebeKTn — BasoanaaTaLito Ta NigBuULLEHE BUBINIBHEHHSA KUCHIO 3
PaxyHOK «LWTy4HOro epekTy bopa», — TaK i BiACTpOUEHi KyMyNATUBHI BNIMBU, BKAKOYHO 3i CTUMY/IALLIEID aHTiOreHesy,
aKTMBALLED MITOXOHApPIAaNIbHOrO MeTabonizaMy, HOPMani3aLied PEoNOriYHUX BNACTMBOCTEN KPOBI Ta 3HUMKEHHAM
NPoAyKLii Npo3ananbHUX LLUTOKIHIB.

CyKynHa fia uMx MmexaHi3amiB CnpuAE 3MEHLUEHHIO TiNOKCii, NPUrHiYeHHIO CMHOBIANBLHOIO 3ananeHHA Ta NoAin-
WeHHIo TPpodiKM NepUapTUKYNAPHUX TKAHWH, LLO € NMPUHLMMIOBO BaX/IMBMM A5 Tepanii 0cTeoapTpuTy KONIHHOIO
cyrnoba. He3Bakatoum Ha NEPCNeKTUBHI Pe3ynbTaTi AOKAIHIYHUX POBIT Ta OKPEMMUX KAIHIYHUX CNOCTEPENKEHb, 3a-
CTOCyBaHHA KapboKciTepanii B opToneamnyHin npaktuui notpebye nofanbllioro BUBYEHHA, CTaHAAPTM3aLii npoTo-
KONiB i NpoBeAEeHHA BUCOKOAKICHUX paHAOMI30BaHUX AoCNiaKeHb. OTPUMaHi AaHi BKa3ylOTb HA NMOTEHLNHY po/b
CO; 5K iHHOBALLiIMHOrO a4 tOBAaHTHOIO MiAX0A4y Y KOMMIEKCHOMY iKyBaHHI AereHepaTMBHO-3aMnaibHMX 3aXBOPOBaHb
KoNliHHOTO cyrnoba.

Kntouosi cnoBa: KapboKciTepanisa, 0cTeoapTpuT, KONIHHUI Cyr106, apTPO3, apTPUT, NPOTU3ananbHa Ais, OKcuAaa-
TUBHWI CTpec.

INNOVATIVE APPROACH TO THE TREATMENT OF KNEE OSTEOARTHRITIS AND ARTHRITIS: CARBOXYTHERAPY
AS A MODIFIER OF MICROCIRCULATION AND INFLAMMATION

Boiko S. O., Pushkash I. I., Popovych Ya. M., Skripynets Yu. P.

Abstract. Knee osteoarthritis is one of the most common degenerative-inflammatory disorders, characterized
by chronic pain, functional limitations, and progressive damage to joint structures. Its course is closely linked to
microcirculatory dysfunction, tissue hypoxia, endothelial impairment, and persistent low-grade inflammation, all
of which sustain degenerative processes and contribute to the formation of a complex pain phenotype. Despite
the availability of a wide spectrum of pharmacological and non-pharmacological therapies, none can reliably halt
disease progression, and the long-term effectiveness of many interventions remains limited. This underscores the
need for new adjuvant approaches targeting key pathogenetic mechanisms.

Carboxytherapy, a physiotherapeutic method based on the administration of medical carbon dioxide, has
attracted increasing interest due to its ability to enhance microvascular perfusion, improve tissue oxygenation,
modulate inflammatory responses, and reduce oxidative stress. Analysis of contemporary experimental and clinical
studies demonstrates that CO, exerts both immediate vascular effects — vasodilation and enhanced oxygen release
mediated by the “artificial Bohr effect” —and delayed cumulative actions, including stimulation of angiogenesis,
activation of mitochondrial metabolism, normalization of blood rheology, and suppression of pro-inflammatory
cytokine production.

The combined action of these mechanisms reduces hypoxia, attenuates synovial inflammation, and improves
trophic support of periarticular tissues —factors that are critically important for osteoarthritis management. Although
preclinical findings and selected clinical observations appear promising, the use of carboxytherapy in orthopedic
practice requires further investigation, standardization of treatment protocols, and high-quality randomized clinical
trials. Current evidence indicates the potential role of CO, as an innovative adjuvant modality in the comprehensive
treatment of degenerative-inflammatory diseases of the knee joint.

Key words: carboxytherapy, osteoarthritis, knee joint, arthrosis, arthritis, anti-inflammatory effect, oxidative
stress.
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ASPECTS OF SENSORY INTEGRATION IN PHYSICAL THERAPY OF CHILDREN WITH

AUTISM SPECTRUM DISORDERS
Dnipro State Medical University (Dnipro, Ukraine)
nat.gridma@gmail.com

The problem of choosing therapy strategies for children with autism spectrum disorder (ASD) today is urgent due
to the impact of the disease on the neurodevelopment of the child and the risk of social disintegration. According
to studies, 10% to 55% of children with ASD have sensory impairment. Depending on the degree of impaired func-
tioning, this figure reaches up to 88%. Systematic reviews demonstrate the effectiveness of a therapeutic approach
based on the principles of sensory integration, which takes into account the syndromic features of ASD. A multidis-
ciplinary approach in conducting an assessment of sensory systems, with the participation of a physical therapist,
an ergotherapist, helps in the choice of interventions. Analysis of modern information data on methods of physical
rehabilitation of children with ASD showed the effectiveness of the method of sensory integration in the programs of
physical therapy, which is aimed at reducing the sensory deficit and the behavioral and motor disorders caused by
it. The use of physical therapy strategies, ergotherapy, based on data from a standardized assessment of motor and
mental development, provides a positive prognosis in the neurodevelopment of a child with ASD.

Key words: physical therapy, occupational therapy, neurodevelopment, autism spectrum disorder, children.
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Introduction.

Autism spectrum disorders (ASD) are a group of neu-
rodevelopmental disorders that include problems of
social interaction, communication and the presence of
stereotypical behavior, an altered response to external
stimuli and an unusual interest in surrounding sensory
factors.

The term ASD is used to describe a clinically hetero-
geneous group of neurodevelopmental disorders that
share basic behavioral features that alter their social

communication and have stereotypical, restrictive be-
haviors that can be repetitive [1-3].

The DSM-5 classifier and diagnostic and statistical
manual on mental disorders combines these signs with
a single concept called ASD disorder. ASD screening cri-
teria cover deficits in communication and social interac-
tion. These include: restrictive and repetitive behaviors,
dyspraxia due to sensory processing deficits, stereotyp-
ical or repetitive movements, insistence on monotony,
excessive inflexibility of routine activities, or ritualized
patterns of verbal or non-verbal behavior; very limited
and fixed interests that are not typical in intensity or
focus of interest; hyper- or hyporeactivity on sensory
stimuli or unusual interest in them [1-4]. The expressive-
ness of the clinical signs of ASD leads to a different de-
gree of restriction of functioning, and this leads to social,
school and further - professional unrealizability [5].

According to the nosology of sensory processing
disorder proposed by Miller LJ. et al. [6] there are
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