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Dysfunction of the neck and shoulder girdle muscles often causes tension headache (TH), caused by mechanical
stress and inflammatory processes in the tissues. Reduced blood supply to the brain is accompanied by the devel-
opment of an inflammatory response (IL-6) and increased expression of IL-10 and TNF-a genes. A special treatment
complex of osteopathic techniques has been developed to eliminate muscle tension and restore normal blood circu-
lation, effectively reducing pain's mechanical causes.

The aim of the study is to show the mechanism of formation of the response of proinflammatory cytokines (IL-6,
IL-10, TNF-at) to muscle dysfunction and their response to osteopathic correction and to analyze changes in proin-
flammatory cytokines in patients before and after treatment.

A statistical analysis was conducted comparing the levels of indicators before and after treatment. Forty-eight
people aged 23 to 59 were examined. The levels of cytokines IL-6, IL-10, and TNF-ac were measured before and 3-5
days after treatment.

The study shows that an increase in cytokine levels is observed in TH and decreases after the causes are elimi-
nated. In the first stages, there is an increase in cytokine levels, but during treatment, they gradually normalize. The
complex process of action of proinflammatory cytokines, which react to any inflammatory processes in the body,
does not give an unambiguous answer regarding the choice of cytokines as markers responsible for the formation

of tension headache.

Anti-inflammatory cytokines may be markers of the inflammatory process in the muscles responsible for the
formation of TH, but the long process of normalizing their levels has not shown a clear trend toward reducing in-

flammation.
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Connection of the publication with planned re-
search works.

The work was performed within the framework of
the research work of Kharkiv National Medical Univer-
sity, “Dynamics of cognitive and psychoemotional dis-
orders in patients with demyelinating diseases under
chronic stress”, state registration number 0123U104329.

Introduction.

Headache caused by muscle dysfunction (tension
headache, TH) is the second most common disorder in
the world [1].

Dysfunction of the muscles of the neck and shoul-
der girdle often causes headaches, which are caused
not only by mechanical tension, but also by inflamma-
tory processes in the tissues. A decrease in blood sup-
ply to the brain is accompanied by the development of
an inflammatory reaction (IL-6). In such a situation, the
expression of the IL-10 and TNF-a genes increases, pro-
moting the survival of glial cell neurons, blocking the ef-
fects of pro-inflammatory cytokines and promoting the
expression of cell survival signals [2, 3].

For the treatment of tension headache, a special
treatment complex of osteopathic techniques has been
developed, aimed at eliminating muscle tension and re-
storing normal blood circulation in the neck, shoulder
girdle, chest, and head, which effectively reduces the
mechanical causes of pain. However, for a full under-
standing and optimization of treatment, it is advisable
to move on to monitoring biochemical processes, in par-
ticular, monitoring the level of cytokines (IL-6, TNF-aq, IL-
10), which reflect the degree and can adjust additional
methods to enhance the effect of osteopathy.

The role of cytokines as indicators of TH is poorly pre-
sented in the literature, so for a better understanding of
this process, we tried to create a concept as an impair-
ment of muscle function along with the development of
foci, increasing the level of pro-inflammatory cytokines,
such as interleukin-6 (IL-6) and tumor necrosis factor
(TNF-a), and anti-inflammatory interleukin-10 (IL-10).
These changes significantly influence the development
of pain, impacting both local tissues and the central ner-
vous system, which elucidates the relationship between
muscle dysfunction and headache.

The aim of the study.

To demonstrate how pro-inflammatory cytokines
(IL-6, I1L-10, TNF-a) respond to muscle dysfunction and
osteopathic correction. To analyze the changes in pro-in-
flammatory cytokines in patients before and after treat-
ment.

Object and research methods.

A statistical analysis was performed to demonstrate
the response of anti-inflammatory cytokines to osteo-
pathic treatment by comparing indicator levels pre- and
post-treatment. The study involved examination of 48
patients, 7 men (14.6%) and 41 women (85.4%), who
were treated at the University Clinic of Kharkiv National
Medical University (KhNMU), Department of Neurology.
The average age was (43.31£10.0), from 23 to 59 years.
The study was conducted with respect for human rights
in accordance with the current legislation of Ukraine.
Permission was obtained from the Expert Committee on
Ethics and Bioethics of KhNMU. Each participant provid-
ed written informed consent to participate in the study.
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Headache (H) in all patients usually lasted from 30
minutes to 24 hours, several patients noted that it could
continue for several days. The main nature of the pain in
all the subjects was squeezing or pressing on both sides,
some noted that periodically the H could also be felt
as aching (12 patients, 25%), deep (6 patients, 12.5%),
pulsating (4 patients, 8.3%) and burning (1 patient, 2%).
Hypersensitivity to light during pain was noted by 2 pa-
tients (4.2%), and to noise by 1 patient (2.1%). Patients
who were included in this study met the criteria of the
International Classification of Headache Disorders, 3rd
revision (ICHD-3) [4].

The levels of cytokines IL-6, IL-10 and TNF-a were
measured before and 3-5 days after the completion of
the course of osteopathic treatment, which consisted of
structural, cranial, myofascial, visceral, functional tech-
niques with the pelvis, limbs, abdomen, chest, shoulder
girdle, neck, head. The complex was individually selected
according to the somatic dysfunctions found. The level of
cytokines was measured by enzyme-linked immunosor-
bent assay (ELISA) using the Elecsys IL-6 cobas e 100 V2
kit manufactured by Roche Diagnostics GmbH, Germany,
the Human II-10 Elisa Kit manufactured by Fine Biotech
Co, Wuhan and the TNF-a-ELISA kit manufactured by
LDN Labor Diagnostika Nord GmbH & Co.KG, Germany
using the Stat Fax 1904 enzyme-linked immunosorbent
assay according to the instructions for the kits.

The data are presented by the following descriptive
statistics parameters: mean (M), standard deviation
(SD), median (Me) and interquartile range [IQR], mini-
mum (min) and maximum (max) values.

The choice of statistical processing methods was
based on the results of data testing for normality of dis-
tribution, which was carried out using the Shapiro-Wilk
test and the construction of Q-Q diagrams (fig. 1).

The Shapiro-Wilk test showed that 3 out of 6 samples
were not normally distributed. Therefore, the compari-
son of cytokine levels between observation periods was
performed using the Wilcoxson paired test. The assess-
ment of clinical efficacy was estimated as the relative
change in the median (%) and the effect size (r).

Diagrams depicting the distribution of biochemical
parameters, including the designated normal range,
have been developed for clarity.

The normal range for IL-6 is 0 to 7 pg/ml; for IL-10,
it is 0 to 9.91 pg/ml; and for TNF-q, it is 1.1 to 8.1 pg/
ml [5].

The analysis was conducted using the R software
package.

Research results and their discussion.

To comprehend the response of proinflammatory cy-
tokines to muscle inflammation, it is important to exam-
ine their primary roles in the functioning of the muscular
and nervous systems.

The cytokines IL-6 and IL-10 are key markers of in-
flammation and immune regulation. Changes in their
levels in the blood can indicate the balance between
proinflammatory and anti-inflammatory processes, as
well as the degree of systemic or local inflammatory re-
sponse.

IL-6 (interleukin-6) is a proinflammatory cytokine
that is activated in response to infection, tissue damage,
or stress. It is synthesized by macrophages, fibroblasts,
and endothelial cells.

Elevated levels of IL-6 may be indicative of an acute
inflammatory process, muscle pain associated with tis-
sue injury (including damage to muscles and blood ves-
sels), chronic inflammation related to conditions such
as rheumatoid arthritis, or stress and activation of the
sympathetic nervous system, as seen in muscle spasms
or chronic pain.

IL-10 (interleukin-10) is an anti-inflammatory cyto-
kine that inhibits the production of pro-inflammatory cy-
tokines (IL-6, TNF, IL-1). It is produced by macrophages,
T-regulatory cells, monocytes. Its increase may indicate
the activation of an anti-inflammatory response (the
body tries to compensate for the intense inflammatory
process); immune regulation, i.e. an increase in IL-10
occurs when the body tries to reduce harmful immune
activity; in anti-stress reactions IL-10 may increase after
physical activity or manipulations that cause muscle re-
laxation.

TNF (Tumor Necrosis Factor) is a pro-inflammatory
cytokine that is synthesized by immune cells (especially
macrophages, T-lymphocytes and others) in response to
inflammation, infection or tissue damage. Its main func-
tion is to regulate the inflammatory response, cell prolif-
eration and apoptosis.

TNF increases the sensitivity of nerve fibers to pain
signals, contributing to the development of neuropathic
pain [6].

In the muscular system, TNF supports muscle catab-
olism, i.e. stimulates the degradation of muscle protein,
which can lead to muscle atrophy (severe stages of the
disease). But in small concentrations, TNF is involved in
the restoration of damaged muscles, stimulating the ac-
tivation and proliferation of myosatellite cells. However,
chronic excess of TNF inhibits this process.
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Figure 1 — Q-Q diagram of the distribution of data before and after treatment: a) IL-6; b) IL-10; c) TNF.
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Figure 2 — System of development of the inflammatory
process caused by muscle spasm or stress.
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TNF is a key mediator in the development of myositis
(muscle inflammation), contributing to the infiltration of
immune cells into muscle tissue.

Given that biochemical changes in headache and its
subsequent treatment with non-drug methods occur se-
qguentially, the sequence of their activation plays a major
role in the treatment process and further management
of patients.

Headache caused by muscle spasms and stress ac-
tivates complex neuroimmune and biochemical mecha-
nisms. This leads to changes in the levels of key cyto-
kines IL-6, IL-10 and TNF. Let us consider the sequence
of these changes.

1. Initial stage. Activation of stress and spasm, which
may be caused by physical overload, prolonged static
tension (incorrect posture, uncomfortable posture at
work, etc.), emotional stress. This results in a physio-
logical response characterized by the activation of the
sympathetic nervous system due to the release of adren-
aline and cortisol. Consequently, muscle spasms cause
local ischemia and lead to the accumulation of metabo-
lites, such as lactate.

Initially, IL-6 may increase due to local hypoxia and
tissue damage, while TNF activates in the spasm zone as
an inflammatory response. IL-10 remains at a low level,
since anti-inflammatory processes have not yet been ac-
tivated.

2. Progression. The inflammatory cascade intensi-
fies, leading to nociceptor irritation. Hypoxia and mi-
crotrauma activate tissue macrophages and fibroblasts,
releasing prostaglandins, bradykinin, and cytokines (IL-6,
TNF). This lowers nociceptor activation thresholds and
amplifies pain signals. IL-6: increases significantly, caus-
ing a systemic inflammatory response, TNF increases the
sensitization of pain receptors, causing neuroinflamma-
tion, IL-10 begins to gradually increase as a mechanism

e persistent cytokine
imbalance

> | Chronic pain

for controlling inflammation, but its level is insufficient
for full compensation.

3. Chronic stage (with prolonged stress or pain).
Constant stimulation of pain pathways in the spinal cord
and brain leads to persistent activation of microglia.
Chronic inflammation is maintained by an excess of TNF
and IL-6.

IL-6 remains elevated, contributing to chronic in-
flammation and depletion of antioxidant resources, TNF
supports the sensitization of the nervous system and can
deepen tissue damage, IL-10: increases, but due to the
depletion of immunoregulatory mechanisms is not able
to completely suppress the inflammatory process.

A general development system is shown in fig. 2.

Osteopathic treatment of headache caused by mus-
cle spasms and stress affects the level of biochemical
markers, including IL-6, IL-10 and TNF. Changes in these
indicators reflect both the physiological response to
manual therapy and the dynamics of the inflammatory
process.

The release of muscle tension and improved blood
circulation reduces local hypoxia and lactate accumula-
tion, which reduces the level of pro-inflammatory medi-
ators such as IL-6 and TNF.

Osteopathy affects the autonomic nervous system,
activates its regulatory mechanisms, reduces the level of
stress hormones (cortisol, adrenaline), which indirectly
affects inflammatory cytokines.

Stimulation of regenerative processes increases the
production of IL-10, which suppresses the activity of
pro-inflammatory cytokines and promotes tissue relax-
ation.

In the early stages of treatment, IL-6 may temporar-
ily increase due to stimulation of local blood circulation
and micro-release of metabolites. Later, it decreases as
inflammation decreases and muscle tension normalizes.

(TIL6, TTNF, LIL10)
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At the same time, IL-10 increases due to the reduction of
inflammation and activation of anti-inflammatory mech-
anisms. The level of IL-10 usually increases gradually, re-
flecting the transition of the body to the recovery mode.

Manipulations using osteopathic techniques can
briefly stimulate the activation of tissue macrophages
in response to mechanical impact. This causes an in-
crease in TNF as a temporary response of the body to
microtrauma or activation of lymph flow. TNF may also
increase in response to the release of “old” inflammato-
ry foci, especially if there has been chronic local hypoxia.
This is part of the physiological process that is necessary
to trigger regenerative processes. The increase in TNF
may last for several hours or days after the procedure,
after which its level gradually decreases.

In the long term, TNF decreases if the main inflam-
matory stimulus (muscle spasm or stress) decreases.

Thus, it is possible to present a mechanism for
changing anti-inflammatory markers during osteopathic
treatment

Acute effect (first day after the session):

A short-term increase in TNF and IL-6 may be ob-
served due to the activation of metabolism.

The level of IL-10 gradually increases, contributing to
the calming of inflammation.

Long-term effect (after several days or after the
course of treatment):

IL-6 and TNF decrease, indicating a decrease in in-
flammation.

IL-10 increases, reflecting the normalization of the
inflammatory response and the activation of recovery.

To validate our findings regarding the changes in
pro-inflammatory cytokines, we conducted a thorough
analysis of their variations. The indicators were assessed
before treatment and 5-7 days after the last course.
Comparison with normal values.

Changes in biochemical indicators before treatment
are given in the table.

Due to the wide range of data and the overlapping
intervals of variables, distribution diagrams were creat-
ed for easier evaluation (fig. 3).

The diagram presented in fig. 3a explains the distri-
bution of the IL-6 cytokine level. Before treatment, there
is a noticeable right shift (Me=7.83 pg/ml) (table) from
the extreme limit of the norm (7 pg/ml), as well as an
outlier of values of more than 20 units. The mean value
of 8.48+2.29 pg/ml indicates a deviation from the upper
limit of normal and exhibits significant data variability,
amounting to 30%.

After treatment, the central tendency data shifts to
normal values, with an average of 6.91+0.71 pg/ml and

Table — Results of analysis of changes in pro-inflammatory

cytokines during treatment

a median of 6.85 pg/ml. The post-treatment maximum
levels of IL-6 surpass the normal range; however, no sig-
nificant outliers are detected (8.73 pg/ml).

According to the statistical analysis, the normalized
Wilcoxson test index is W=1149 with a statistical signifi-
cance of the test p<0.01. The relative change in the me-
dian is -12.52%, the clinical effect (r) is 0.587, which is
considered significant.

Let us consider how the level of IL-10 changed in
patients with tension headache. Before treatment, we
observe a very wide range of values of this indicator,
from 8.17 pg/ml to 90.50 pg/ml, which may indicate a
strong inflammatory process in some patients. Statistics
show that the average IL-10 value (26.27+21.48 pg/ml)
is significantly different from the median value (19.3 pg/
ml), indicating a non-normal distribution. This suggests a
high variability (81.8%) in IL-10 measurements, as illus-
trated in fig. 3b.

After osteopathic treatment, we observe a decrease
in the level of IL-10 to (15.02+14.69) pg/ml, but a sig-
nificant scatter of data remains a sign of the data dis-
tribution, from 5.88 pg/ml to 75.84 pg/ml. According
to statistical analysis, a statistically significant (p<0.01)
decrease in the indicator by 46.59% was determined,
and the clinical effect of treatment was confirmed at the
level of 0.438 (average).

The third indicator that we monitored was TNF-
a. Statistical analysis showed that before treatment
(10.03+0.64) pg/ml and after it (10.73+0.61) pg/ml, data
scatter was concentrated with low variability around 8%.
A statistically significant (p<0.01) increase in the level of
TNF-a after treatment by 8.09% was noted. Given the
normal range of TNF-a from 1.1 pg/ml to 8.1 pg/ml with
a clinically acceptable level of up to 15.0 pg/ml, it can
be assumed that the changes in TNF-a were within the
acceptable range throughout the treatment period. The
increase in TNF-a levels is explained by the physical ef-
fects of osteopathic treatment.

Cytokines are important endogenous substances
involved in immune and inflammatory responses. Neu-
rogenic inflammation is thought to play a role in the de-
velopment of tension headache, which includes changes
in cytokine levels. The main aspects of this relationship
are as follows:

Patients with chronic tension headaches often have
elevated levels of pro-inflammatory cytokines, including
IL-1B, IL-6, and TNF-a [7].

These cytokines may affect pain pathways, contribut-
ing to central sensitization and chronicity of pain.

There is a correlation between pain intensity and
serum levels of certain cytokines.

Inflammatory processes mediated
by cytokines can affect the muscles of
the neck and head, which are often in-

Relative volved in the mechanisms of tension
Eeine AL W, Z change Me|Size effect (r)| headach
treatment | treatment 15 P 5 eadaches. L . .
(%) Stress, which is an important trigger
M%SD | 8.48+2.29 | 6.91+0.71 | W=1149 0.587 for this type of headache, can also affect
IL-6 | Me[IQR] | 7.83[0.76] | 6.85[1.03] | Z=5.754 | -12.52% high cytokine levels, creating a kind of “vi-
min+max | 7.03+21.58 | 5.84+8.73 p<0.01 cious circle”
M+SD  [26.27+21.48|15.02+14.69| W=1006 0.438 In th ’ t 10 | _
IL-10 | Me [IQR] | 19.3 [24.91] [ 10.31 [5.27] | z=4.287 | -46.59 % : n the past LU years alone, a num
min+max | 8.17:90.50 | 5.88:75.84 | p<0.01 average | per of randomized clinical trials and
M=SD | 10.03+0.64 | 10.73+0.61 | W=111 0.508 systematic reviews with meta-analyses
TNF-a | Me [IQR] | 10.08 [0.79] | 10.9 [0.79] | Z=-5.082 8,09% significant have been conducted to investigate the
min+max | 8.41+11.49 | 9.22+11.67 p<001 deterioration association Of Cytokines W|th headache
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Figure 3 — Cytokine distribution diagrams before and after treatment: a) IL-6; b) IL-10; c) TNF.
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of various origin, including tension headache. Musubi-
re AK et al. studied the levels of the pro-inflammatory
cytokines IL-6, IL-8 and TNF-a in migraine and tension
headache [8].

Similar conclusions were reached by Thuraiaiyah J et
al. who studied the levels of TNF-a, IL-1R, IL-6 and IL-10
[9].

In a study by Zheng T et al., cytokine levels (91 pro-
teins) were analyzed for their association with headache
[10].

All studies have found that elevated cytokine levels
are linked to various types of headaches, including mi-
graines and tension headaches. However, researchers
have noted that despite the observed correlation, there
is insufficient clinical data to conclusively state that this
connection is definitively proven.

In our study, we aimed to demonstrate that cytokine
levels are elevated in tension headaches and decrease
once the underlying causes are addressed. Osteopath-
ic practice directly impacts muscular and connective
systems, stimulating metabolic processes and activat-
ing tension zones using myofascial techniques in oste-
opathy. As a result, an increase in cytokine levels may
occur in the initial stages, but as tension zones and local
inflammation are resolved, cytokine levels gradually re-
turn to normal. However, the complex nature of pro-in-
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flammatory cytokine activity, the relatively long time
required for their normalization, and the fact that cy-
tokines play a role in nearly all inflammatory processes
in the body, prevent us from clearly identifying them as
definitive markers for local muscle inflammation directly
responsible for the development of tension headaches.

Conclusions.

Our study found that anti-inflammatory cytokines
may serve as markers for the inflammatory processes
in muscles responsible for the development of migraine
headaches. Before treatment, a significant increase in
their levels beyond the reference range was observed.
Following osteopathic treatment, a decrease in these
cytokines occurred, coinciding with a reduction in head-
ache intensity. Given the relatively prolonged process
of cytokine normalization, some patients had not yet
reached normal levels at the time of follow-up. However,
a clear trend toward a reduction in inflammatory pro-
cesses was evident.

Prospects for further research.

In the process of analyzing biochemical parameters
in patients with tension headache, high variability in cy-
tokine levels was found both before and after treatment.
Future studies should explore the relationship between
cytokine levels, headache severity, and muscle trigger
point pain.
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JucyHkyia m’a3ie wui ma na1e4o08020 MOACY YACMO CMAE MPUYUHOI 20/108H020 6onato Hanpyeu (FBH), wo
3YMOB/IeHO He aAuwe MEXAHIYHUM HAnpyyXeHHAM, a U 3ananbHUMU MPOYecamu 8 MKAHUHAX. 3MeHWEHHAM
KpoB0rnoCcmMayYaHHA 20/108HO20 MO3KY, CYrnpoB80OHYEMbLCA PO38UMKOM 3arnanbHoi peakyii (IL-6) ma nidsuweHHA
ekcripecii 2eHis IL-10 ma TNF-a. bys po3pobneHuli crneyianoHull AiKy8anbHUlU KOMIeKC 0Cmeornamu4HuUx mexHik,
CPAMOBAHUL HA YCYHEHHA M’A308020 HAMPYHEHHA Ma 8i0HOB8/M1EHHA HOPMAbHO20 KPoBoobiey, w0 edheKmusHO
3MeHWYE MexaHiYHi npu4vuHU 6010.

Mema 00cnidxeHHa — NoKa3amu MexXaHiam ¢hopmMysaHHsA 8idnoesidi npo3anasnbHux yuumokinie (IL-6, IL-10, TNF-
o) Ha M’A308Y OUCGhYHKYi0 ma ix 8i0N08i0b HO ocMmeonamuy4Hy KopeKuito. [TpoaHanizyeamu 3mMiHU npo3anaabHUX
UUMOKiHi8 y nayieHmis 00 ma nicas niKky8aHHA.

lposedeHo cmamucmuyHuUl GHAAI3 NOPIBHAHHA PiBHSA MOKA3HUKI8 00 ma nicas AikysaHHA. Ob6cmexceHo 48 8io
23 0o 59 pokis. Bumiptosanu piseHb yumokiHis IL-6, IL-10 ma TNF-a 0o ma yepe3 3-5 0i6 nicaa niky8aHHSA.
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B 0ocnidxceHHi NokasaHo, wo nidsuuweHHa pisHie yumokKiHie cnocmepizcaemoca npu IB6H, i 3HUMXyemMoca nicas
YCYHeHHA NMpuYyuH. Ha nepwux emanax criocmepicaemsoca 36inblWeHHs pieHi8 YUMOKIHI8, asne 8 Mpoyeci niKy8aHHsA
8i0bysaembcs nocmynosa ix Hopmanizauis. CkaadHuli npouec 0ii Npo3ananbHUX YUMOKIHIG, AKi pea2yromb Ha
b6y0b-5Ki 3anasbHI Npouecu 8 op2aHiami, He darome 00HO3HAYHOI 8i0N08Idi W00 8UBOPY UUMOKIHIE K MapKepis,
8i0M08i0aNbHUX 30 (hOPMYBAHHSA 20/108H020 60O HAMpPYaU.

Mpomu3sanansHi YUMOKIHU MOX(ymb 6ymu MapKepamu 3araabHO20 NPouecy y m’a3ax, 8idnosgioanbHux 3a

3anasieHHA.

Knro4voei cnoea: npo3anansHi YUMOKIHU, 20108HUl 6inb Hanpyau, m’a308a OUCHYHKUiS, ocmeornamuyHe

NIKYBAHHA.

38’A30K nyb6AiKauii 3 Nn1aHOBMMU HayKOBO-A0CNIA-
HUMMK poboTamu.

PoboTa BMKOHaHa B pamKax HP XapkiBcbKoro Ha-
LiOHAaNbHOIrO MeAuYHOro YyHisepcutety «nHamika
KOTHITUBHUX Ta MCUXOEMOLIMHUX pPO31afiB y naLi€eH-
TiB 3 OEMIENIHI3YIOYMMIN 3aXBOPIOBAHHAMM B YMOBaXx
A1 XPOHIYHOro CcTpecy», HOMep LEpPrKABHOI peecTpauii
0123U104329.

Bctyn.

[onoBHUI 6iNb, BUKAMKAHNIA M'A30BOI0 AUCOYHKL -
€0 (ronoBHM binb HanpyxeHHs, FB6H), 3alimae gpyre
Micue cepef, HalinoLMpeHiLnX 3aXxBOPtOBaHb Y cBiTi [1].

OuncoyHKuia m’a3iB WwWKi Ta NAe4OBOro Moscy 4acTto
CTA€ NMPUYMHOIO roN0BHOrO 60/t0, WO 3YMOBNAEHO He
NVWe MEeXaHIYHMM HanpyXeHHAM, a W 3anaibHUMKU
npouecammv B TKAHWHAX. 3MeHLIeHHAM KpOBOMOCTa-
YaHHA rO/I0BHOTO MO3KY, CYNPOBOAMKYETbCA PO3BUTKOM
3ananbHoi peakuyii (IL-6). B Takii cuTyauii cnocTepira-
€TbCA NiABULLEHHA ekcnpecii reHis IL-10 Ta TNF-a, Aki
[0MoMaraloTb BUMKMBAHHIO HEMPOHIB MiaibHUX KNITUH,
610Kyt0UM edeKTU NPo3ananbHUX LUTOKIHIB i cnpuaoum
eKcnpecii curHanis BUXKMBaHHA KAiTWH [2, 3].

[na nikyBaHHA ronosHoro 6onto Hanpyrn 6yB pos-
pobneHuii cneuianbHUA NiKyBanbHUIA KOMMJIEKC OCTEO-
NaTUYHUX TEXHIK, CNPAMOBAHNIN HA YCYHEHHA M'A30BOTrO
Hanpy»KeHHA Ta BigHOBAEHHSA HOPMAJIbHOTO KPOBOOBIry
B [iNAHLI WWi, N1e4O0BOro NoAcCy, rPYAHOI KNITUHWK, rono-
BU, WO eDEeKTUBHO 3MEHLLYE MeXaHiYHi NPUYMHK Bonto.
OaHak gna NOBHOrO PO3yMiHHA Ta ONTMMI3auii Tepanii
[0UiNbHO NepenTn A0 KOHTPOo BioximiuHMX Nnpouecis,
30Kpema MOHITOPUHIY piBHA UMTOKIHIB (IL-6, TNF-a, IL-
10), Aki Bigo6parkaloTb CTyMiHb 3anafeHHA Ta MOXYTb
KOpUryBaTUCA AOAATKOBMMM METOLAaMMN ANA NOCUIEHHA
edeKTy ocTeonarii.

Ponb unTokKiHiB, AK iHankaTtopis 'bH mano npeacras-
JIeHO B NliTepaTypi, TOMy A4 6inblIoro po3ymiHHA Lboro
npoLecy My cnpobyBanu CTBOPUTU KOHLLENLLiKO AIK NMOpY-
LeHHs GYHKLiT M'A3iB cNpuse Noasi ocepeKis 3ananeH-
HA, NiABULLYIOYN PiBHI NPO3ananbHUX LMTOKIHIB, TaKMX
AK iHTepnelkiH-6 (IL-6) i dakTop HeKpo3y nyxauH (TNF-
Q), a TaKOX NpoTM3ananbHoro iHTepaerkiHy-10 (IL-10).
Lli 3miHM BigirpaloTb KAHOYOBY pPO/ib Y PO3BUTKY 60O,
BM/IMBAOYM AK HA IOKANbHi TKAHMHU, TaK i Ha LLeHTpab-
HY HEepBOBY CUCTEMY, LLO MOACHIOE 3B'A30K MiX M’A30-
BOIO ANCHYHKLIEIO Ta roN0BHUM Bonem.

Merta gocnigeHHs.

MNMoKa3aTu mexaHiam ¢popmyBaHHA BiAMNOBIAI Npo3a-
nanbHUX UMTOKIHIB (IL-6, IL-10, TNF-a) Ha m’s3oBy awnc-
dyHKUio Ta ix BignoBiAb Ha OCTEOMNaTUYHY KOpPEKLito.
MpoaHanizysaTn 3MiHM NPO3ananbHUX LMTOKIHIB Y NaLi-
€HTIB [0 Ta MicAA NiKyBaHHA.

O6’eKT i meTOAM AOCNIAXKEHHA.

[nainocTpauii Bignosigi npoTnsananbHUX LUMTOKIHIB
y NaLLiEHTIB HA OCTeonaTUYHe NliKkyBaHHA, byno nposBese-
HO CTAaTUCTMYHMIM aHaNi3 NOPIBHAHHA PiBHA MOKA3HUKIB
[0 Ta nicna nikyBaHHA. ObcTexkeHo 48 nauieHTis, 7 Yo-
nogikis (14,6%) Ta 41 xiHky (85,4%), AKi npoxoamnu ni-
KyBaHHA Ha 6a3i yHiBepCcUTeTCbKOI KNiHIKM XapKiBCbKOTo
HalUioHaNbHOTO Meau4yHoro yHisepcutety (XHMY) Ka-
dbenpu Hesposnorii. CepegHili Bik ctaHoBuMB (43,3+10.0),
BiA 23 o 59 pokis. MpoBoanaoCb AOCNIAKEHHA 3 40-
TPMMAHHAM NpPaB NOANHU BiANOBIAHO YNHHOIO 3aKOHO-
pascTBa YKpaiHW. Big ekcnepTHOT KOMicii 3 NUTaHb eTUKK
Ta 6ioeTnkn XHMY oTpumaHo A03BiN. KoXKeH yyacHUK
Hafas NMCbMOBY iHPOPMOBaHY 3rofy Ha y4acTb B 40OCAI-
OXKEHHI.

fonoBHWI 6inb (I'B) y BCix NaLLEHTIB 3a3BMYait TpMBaB
Biz, 30 XBUIMNH 00 406U, AeKiNbKa NtoAeln BigMITUAN, L0
Mir NPOAOBIKYBATUCH AeKiNbKa Ai6. OCHOBHUM XapaKTe-
pom 6onto y BCix ByB CTMCKatoumMii abo TUCHYUYMIA 3 ABOX
CTOpiH, AeAKi Bigmivyanu, wo nepiogmyHo I'b mir Biguysa-
TUCb TAKOX AK HUIOYMIA (12 nauieHTiB, 25%), rnbokuit (6
naujieHTis, 12,5%), nynbcytounii (4 nauieHTu, 8,3%) Ta ne-
Kyunit (1 nauieHT, 2%). linepyyTaMBicTb 40 CBiT/a Nig Yac
60110 Bigmivanu 2 nauieHTv (4,2%), a go wymy 1 nauieHT
(2,1%). XBopi, AKi NOTpanMAM A0 AAHOTO AOC/IAKEHHS,
Bianosiganu Kputepiam MikHapoaHoi Knacudikauii ro-
nosHoro 6onto 3-ro nepernsaay (ICHD-3) [4].

Bumiptosanu piseHb umTOKiHIB IL-6, IL-10 Ta TNF-a
[0 Ta yepes 3-5 aib nicnAa 3aBeplUeHHs Kypcy OCTeo-
NaTUYHOIO NiKyBaHHA, AKE CKNAJANO0Cb 3 CTPYKTYPHMUX,
KpaHianbHUX, MiodacuianbHMX, BicLepanbHUX, OYHKL-
OHa/IbHUX TEXHIK 3 Ta30M, KiHLiBKamMM, }KMBOTOM, Fpya-
HOI KANITMHOM, NAEYOBMM MOSICOM, LUMEID, FOJIOBOIO.
Komnnekc iHauBiAyanbHO nigbupasca 3rigHO 3Halae-
HUM COMATUYHUM AUCOYHKLIAM. PiBeHb LMTOKIHIB BU-
MiploBasiM MeTogom imyHodepMeHTHOro aHanisy (IDA)
3a gonomoroto Habopy Elecsys IL-6 cobas e 100 V2 su-
pobHuuTBa Roche Diagnostics GmbH, Germany, Habo-
py Human 1I-10 Elisa Kit Bupo6bHuurea Fine Biotech Co,
Wuhan ta Habopy TNF-a-ELISA Bupo6HuuTea LDN Labor
Diagnostika Nord GmbH & Co.KG, Germany 3 BuKopuc-
TaHHAM iMyHOpepmMeHTHOro aHasnisaTopa Stat Fax 1904
3rigHo 3 iHCTPYKLUiAMM 40 HabopiB.

[aHi npeacrasneHi HaCTYyNHUMKU NapameTpamu onu-
COBOI cTaTUCTUKK: CepedHE 3HayeHHs (M), cTaHgapTHe
BiaxuneHHs (SD), meajaHy (Me) Ta MiXKKBapTUAbHUI iH-
Tepsan [IQR], miHimanbHe (min) Ta makcumanbHe (max)
3HAYEHHS.

Bubip meTtoais ctaTMcTUYHOI 06pOobKKM FpyHTYyBaBCA
Ha pe3ynbTaTax NepeBipKu AaHUX HA HOPMAJIbHICTb PO3-
nogainy, AKMM nposogmeca 3a Tectom LUanipo-Binka Ta
nobyaosi Q-Q giarpam (puc. 1).
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3a pesynbtaTamu Tecty LLanipo-Binka 6yno Bu3Haye-
HO, Wo 3 3 6 BMOIPOK He BiAMNOBIAAOTb HOPMAIbHOMY
po3noginy. Tomy NOPiBHAHHA PIBHA LIMTOKIHIB MiX Tep-
MiHaMW CNOCTEPENKEHHA MPOBOAUIN 3@ NAPHUM TECTOM
Wilcoxson. OuiHKa KniHiyHOi edeKTnBHOCTI 6yna ouiHe-
Ha fK BiAHOCHa 3MiHa megjiaHu (%) Ta epeKkT po3mipy (r).

Ons intocTpauii posnoginy 6ioxiMiyHMX NMOKa3HUKIB,
6ynn nobyaoBaHi BigNOBiAHI Aiarpamu i3 30HOK HOPMM.

Ona IL-6 30Ha Hopmu cTaHOBMUTL Big, 0 oo 7 nr/mn,
ana 1L-10 3oHa Hopmu — Big, 0 20 9,91 nr/mn, ana TNF-a
—-1,1-8,1 nr/mn [5].

AHani3 nposogman B nakerti R.

Pe3ynbTatu AocnigyKeHHA Ta ix 06roBopeHHs.

[OnAa po3ymiHHA BigNOBiAi NpO3ananbHUX LUUTOKIHIB
Ha M’A30Be 3aMnaneHHs, PO3MIAHEMO OCHOBHI iX posb Y
dYHKLiOHYBaHHI M’'A30B01 Ta HEPBOBOI CUCTEMAX.

LmnTokiHm IL-6 i IL-10 € KNtOHOBMMKM MapKepamm 3a-
NaneHHa Ta iIMyHHOI perynauii. 3miHW iX piBHIB Yy KPOBI
MOYTb BKa3yBaTM Ha 6asaHC MiX nposananbHUMM i
npoTM3anasbHMMKM MNpouecamu, a TaKOX Ha CTyMiHb
CMCTEMHOI Y1 JIOKaNbHOI 3ananbHOI peakuii.

IL-6 (iHTepnenKiH-6) — npo3anafibHUIN LUTOKIH, L0
AKTUBYETbCA Yy BiANOBiAb Ha iHOEKLit0, YLWKOAMKEHHA
TKaHMH abo cTpec. CMHTe3yeTbcAa Makpodaramu, dibpo-
6nactaMu, eHAoTeNiaNnbHUMM KNITUHAMW.

NigsuwweHHs IL-6 cBiAYNTL MOXe CBIAYMTU MPO ro-
CTPW 3ananbHUI Npouec, Npu m’a3o0Bomy 6010 — Tpas-
MY TKaHWHU, Y TOMY 4YuCai M'A3iB Ta CyAMH; XPOHiuHe
3ananeHHsn, SKe CynpoBOAMKYE TaKi XBOPOOM AK peBmMa-
TOIQHWIA apTPUT; CTPEC Ta aKTUBALLI0O CUMMATUYHOI Hep-
BOBOI CUCTEMM, HAMPUKAAA NpU M'A30BMX cnasmax abo
XPOHiYHOMY 6otO.

IL-10 (iHTepnelikiH-10) — NnpoTM3ananbHUA LUTOKIH,
IO NPUTHiYye BMPOBAEHHA MNpoO3ananbHUX LUTOKIHIB
(IL-6, TNF, IL-1). NpoayKyeTbcs makpodaramu, T-pery-
NATOPHUMU KAITUHAMM, MOHoUMTamu. Moro nigsuieH-
HA MOMe CBiAYMTW MpPO aKTUBI3aLi NPOTM3ananbHOi
BigNoBiAj (opraHiam HamaraeTbCc KOMNEHCYBATU iHTEH-
CMBHMI 3ananbHUI NPOLEC); iIMyHHY perynsauito, TobTo
36inblueHHs IL-10 BiabyBaeTbcs NpU HaMaraHHi opraHis-
MY 3HM3UTK WKIANNBY iIMYHHY aKTUBHICTb; aHTUCTPECOBI
peakuii — IL-10 moxke 3pocTatv nicna GisMyHOi akTmB-
HoOCTi abo MaHinyAAuin, SKi BUKNIMKaOTb po3c/iabneHHsA
m’Asis.

TNF (Tumor Necrosis Factor) — ue nposananbHWUit
LUMTOKIH, AKMIN CUHTE3YETLCA IMYHHUMU KNiTUHamM (oco-
6A1Bo makpodaramu, T-nimpouutamm Ta iHWKMNK) y Big-
NnoBiAb Ha 3aManeHHA, iIHPEKLT UM YIWKOAKEHHS TKAaHMH.
Moro ronoBHa dyHKLia nonarae B perynaujii 3ananbHoi
BiZAMOBIAj, KNITMHHOT Nponidepauii Ta anonTosy.
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TeopaTyi KEAKTIAN

TNF nigBuLLye 4yTNMBICTb HEPBOBMX BOIOKOH A0 60-
JIbOBUX CUTHANIB, CNPUAIOYN PO3BUTKY HEMPOMATUYHOTO
6onto [6].

Y m’a308it cuctemi TNF nigTpumye m’asoBuid KaTta-
60ni3Mm, TOBTO CTUMYNIOE AerpasaLito m’a30Boro 6iska,
LLLIO MOXe NPU3BOAUTb 40 M’'A30B0I aTpodii ( BaXkki cTaail
XBOpOo6K). Ane y HeBe/IMKMX KoHueHTpauisax TNF 6epe
yyacTb y BifHOBNEHHI MOLWKOAKEHNX M’A3iB, CTUMYAIO-
oYM aKTUBALtO i Nponidepalito miocaTeniTHUX KAITUH.
OfHakK XpOHiYHMI HagavwoKk TNF npurHivye uer npo-
uec.

TNF € KNto4oBUM MepfiaTOPOM Yy PO3BUTKY MIO3UTY
(3ananeHHa m’sziB), cnpustoun iHOINbTPaUT IMYHHUX
KNITUH Y M'A30BY TKAHUHY.

BpaxoBytoum Te, Wwo 6ioximiyHi 3MiHWM NpuU rofI0BHO-
My 607110 Ta NPW HAaCTYNHOMY MOro NiKyBaHHI HeEMeaMKa-
MEHTO3HUMM MEeTOA4aMM HACTYNatoTb NOCNIA0BHO, Yepra
iX aKTMBaLii Bigirpae ronoBHy posab B NPOLECI NliKyBaHHA
i NoAanbLWOro BeAeHHA NaLieHTIB.

[0N10BHMI BiNb, BUKANKAHUI M'A30BMMK CNasmamu
Ta CTPECOM, aKTUBYE CKIagHI HEMPOIMYHHI Ta HioximiuHi
mexaHi3mu. Lle npr3BoguTb A0 3MiH Yy PiBHAX KAHOYOBUX
unToKiHiB — IL-6, IL-10 Ta TNF. Po3rnaHemo nocnigos-
HICTb LLMX 3MiH.

1. NouaTKoBMI eTan. AKTMBaLis CTpecy Ta crnasmy,
NPUYUHU AKOFO MOXKYTb monaratv y ¢ismuHomy nepe-
BaHTaXKEeHHIi, TPUBaNili CTaTUYHIl Hanpysi (HenpaBuabHa
nocTtaBa, He3py4Ha no3a npu poboTi, TOLLO), EeMOL,ilHO-
my ctpeci. Lle npussogutb g0 disionorivHoi sBignosiai
OpraHiaMmy y BUrnagi akTMBaLii cMMnaTUYHOI HEepPBOBOI
CUCTEMMW Yepe3 BUBINbHEHHA aapeHaniHy Ta KOPTU30y,
M’I30BUI CMasm NPU3BOAMTbL A0 JIOKA/IbHOI iwemii Ta
HaKoMWYeHHs1 MeTaboniTiB (HanpuKAag, NaKkTaTis).

Ha ubomy eTani moke cnoctepiratMcA MnoyaTkoBe
niaBuLeHHs IL-6 yepes NIoKasibHY FiMOKCit0 Ta MOLIKO-
OXKEeHHA TKaHWH, TNF aKTUBYETLCA IOKANbHO B 30Hi CNas-
My AK BignoBigb Ha 3ananeHHA. |L-10 3anMwaeTbca Ha
HW3bKOMY PiBHIi, OCKIIbKM NpOTU3anaabHi npouecu e
He aKTMBOBAHI.

2. MNporpecyBaHHA. [10CMIEHHA 3aMaNbHOTO KacKaay
npu3BoAMUTbL A0 NOAPaA3HEHHA HOLMUENTOPIB — rinokKcia
i MikpoTpaBMK aKTUBYIOTb MaKpodarn i ¢pibpobnactn
B TKAHMHAX, BMBINbHAKOTLCA NpOCTarnaHAMHU, bpaau-
KiHWH i unTOKiHM (IL-6, TNF), AiKi 3HWKYIOTb NOpPIr akTu-
BaL,ii HouMLenTopis, NocuaoYM 601b0BI cUrHanw. IL-6:
CYTTEBO 3POCTAE, BUKAMKAKOUYMN CUCTEMHY 3aMajbHy Big-
nosiab, TNF: 36inbwye ceHcMTU3aLito 60nbOBUX peLien-
TOpiB, BUKAMKAlOUYM HelposananeHHs, IL-10: noynHae
NOCTYNOBO 3POCTaTW AK MEXaHiI3M KOHTPO/IHO 3aMasieHHs,
ane Moro piBeHb HeAOCTaTHIM ANA NOBHOI KOMMEHcaLl.
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PucyHok 1 — Q-Q giarpama BianoBigHOCTI po3noainy AaHUX A0 Ta nNicaA NiKyBaHHA: a) IL-6; 6) IL-10; B) TNF.
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® JIOKaJIbHa Trinokcis

5 -
M’siz0BUH e akTuBauiga [L6 Ta TNF
Cl1a3M y TKaHMHax PUCYHOK 2 — CucTema pO3BUTKY 3anasibHOro npouecy,
BMK/IMKaHOro M’a30BMM cnasmom abo crpecom.
BuBinbHEHH
i * TI0/Ipa3HEeHHS
o HEPBOBHX 3aKiHYeHb
MeTaboJiTiB | «BuUlb
1 HUTOKIHIB
AKTHUBalig .
. o MiICUJIEHHS
EHTPaJIbHOL npoaykuii IL6 Ta
HEPBOBOI G .-
CUCTEMHOMY DPiBHi
CHUCTEMH
* SHIXKEHHS
C_Tpeco_Ba IPOTH3aNaJbHOTO
B1ANNOBIAb edexTty IL10

3. XpoHiuyHa cTagia (3a TpuBanoro crpecy um 6oni0).
MocTiiHa cTumynauia 601bOBUX LWAAXIB Y CAMHHOMY
MO3Ky Ta MO3KY MpU3BOAUTb A0 CTiMKOI aKTUBaLi Mi-
Kporii. XpoHiyHe 3amaneHHA MiATPUMYETbCA HaAMLL-
kom TNF i IL-6.

IL-6 3anMLWAETLCA NiABULLEHUM, CNPUAOYN XPOHIY-
HOMY 3aMnafieHHIO0 Ta BUCHAXEHHIO AaHTUOKCUAAHTHMUX
pecypcis, TNF niagTpmMmye ceHCUTU3aLLit0 HEPBOBOI CUC-
TEMM Ta MOXKe NOrMBNI0BATU YLLUKOAKEHHS TKAHUH, IL-
10: 3pocTaE, ane yepes BUCHAXKEHHA iMyHOperynaTop-
HUX MEXaHi3MiB He 34aTHMI MOBHICTIO NPUTHiYyBaTH
3ananbHUIA Npouec.

TakKMM YNHOM MOXKHA NPeACTaBUTK 3arasibHy cuCTe-
My pO3BUTKY (puc. 2).

OcTeonaTuyHe NiKyBaHHA ron0BHOro 60/t0, BUKAU-
KaHOro M’A30BMMM CMa3mamMu Ta CTPECOM, BMJ/IMBAE Ha
piBeHb BGioxiMmiYHUX MapKepiB, BKAtoYatoum IL-6, IL-10 Ta
TNF. 3MiHM UMX NOKa3HMKIB BigobpaxKatoTb AK disiono-
riYyHy BiAMOBIAb HA MaHyasibHy Tepanito, Tak i AMHAMIKY
3ananbHOro npoLecy.

BuBiNbHEHHS M’A30BOro Hanpy»KeHHA Ta NoAinLweH-
HA KPOBOOBIry 3MeHLLYE NOKaNbHY FiMNOKCito Ta Hakonu-

Tabnuua — PesynbtaTi aHanisy 3miHM Nnpo3anasibHUX LUTOKIHIB

B npoueci NikyBaHHA

XpOHil{HmZ e CTIMKUU grcOaaHC
; LUTOKIHIB
6iab (TIL6, TTNF, JIL10)

YeHHA NAKTaTy, Le 3HUXKYE piBeHb Npo3ananbHUX Meaia-
TOpiB, Taknx AK IL-6 i TNF.

OcTeonartisa BNMBAE Ha BEreTaTMBHY HEPBOBY CUCTe-
MY, aKTMBYE il PerynaTopHi MexaHiamu, 3MeHLUYE piBeHb
CTPECOBUX FOPMOHIB (KOPTM30/y, agpeHaniHy), Wwo no-
6iyHO BN/IMBAE Ha 3aMabHi LMTOKIHW.

CTMMyNnALiA BiAHOBHMX NPOLECiB NiABULLYE NPOAYK-
uito IL-10, Wo NpUrHivYye akTUBHICTb NPO3ananbHUX K-
TOKiHIB i cnpuse po3cnabneHHIo TKaHUH.

Ha paHHiXx eTanax nikyBaHHA IL6 morKe TMM4YacoBo
3pOCTaTh Yepes CTUMYAALLIKO IOKasIbHOTro KpoBoobiry Ta
MiKPOBMBI/IbHEHHA MeTaboniTiB. Y NoganblioMy 3HUKY-
€TbCA, OCKiNIbKM 3MEHLUYETbCA 3anaseHHA i HopManisy-
€TbCcsA M'A30Ba Hanpyra. OgHovacHo nigsuuLyeTbes IL10
33aBAAKM 3MEHLLEHHIO 3aMasieHHA Ta aKTMBaLi NpoTu3a-
nanbHUX MexaHiamis. PiBeHb IL-10 3a3Buyan nigsuuLy-
€TbCA MOCTYNOBO, Bigobparkaloum nepexis, opraHiamy B
peXKUM BiJHOBNEHHSA.

MaHinynauii ocTeonaTMYHMMKU TEXHIKAMW MOXKYTb
KOPOTKOYACHO CTUMY/IOBATU aKTMBALiO  TKaHUHHWUX
Makpodaris y Bignosigb Ha mexaHidyHM BNAKMB. Lle cnpu-
YmHAe nigsuweHHAa TNF Ak Tum4yacosy
BiAMOBIAb OpPraHiamy Ha MiKpPOTPaBmMM

abo akTtmBauito nimdoToky. TNF Takox

lo Micns W7 g:ﬂ;’:cM“: EdekT MOXe 3pOCTaT Yepes peakLilo Ha Bu-

NKYBaHHA | JiKYBaHHA &P (%) po3mipy (r) | BinbHEHHA «CTapux» 3ananbHUX OCe-

M2SD | 8.48+2.29 | 6.91:0.71 | W=1149 peakis, 0cobanBo AKwWwo paHiwe 6yna

IL-6 Me [IQR] | 7.83[0.76) | 6.85[1.03] | Z=5.754 | -12.52% s;?éiiiuﬁ XPOHiYHa SIoKasibHa rinokKcis. Lle yactvHa

min+max | 7.03+21.58 | 5.84+8.73 | p<0.01 disionoriyHoro npouecy, AKMIM Heobxia-

MSD [26.27+21.48(15.02+14.69| W=1006 0.438 HUit ANA 3anyCKy pereHepaTMBHUX MPo-

IL-10 Me [IQR] |19.3[24.91] |10.31 [5.27]| Z=4.287 | -46.59 % cenenni ecie. MNinsuwenHa TNF Moxe TousaT
minmax | 8.17:90.50 | 5.88:75.84 | p<0.01 pea uecis. HABALLEHHA TINE P

M+SD | 10.03+0.64 | 10.73+0.61 | W=111 0.508 Kiflbka roauH abo 46 nicna npoueaypu,

TNF-a | Me [IQR] | 10.08 [0.79] | 10.9 [0.79] | Z=-5.082 | 8,09% 3HauHe nicaa 4yoro Moro piBeHb NMOCTYMOBO 3HU-

min+max | 8.41+11.49 | 9.22+11.67 | p<0.01 noripwenHa | kyeTbea.
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PucyHoK 3 — [liarpamu po3noginy UMTOKIHIB A0 Ta nicna nikyBaHHA: a) IL-6; 6) IL-10; 8) TNF.
Mpumitka: * cipa 30Ha, WO BUAINEHA WTPUXOBUMMU NiHIAMMU, BUSHAYAE iHTEPBAN HOPMMU.

Y posrocTtpokoBiii nepcnektnsi TNF 3HUXKYETbCA,
AKLLO 3MEHLIYETbCA OCHOBHUI 3anaibHUI CTUMYA (W'A-
30BUi1 cnasm abo cTpec).

OT)Xe MOXHa NpeacTaBUTM MexaHi3m 3MiHW NpoTu-
3aMasbHMX MapKepiB B MpoLeCi NpoBeAeHHA ocTeona-
TUYHOTO NiKyBaHHA

focTpuii edeKT (nepla Aoba nicns ceaHcy):

Moe cnoctepiraTUcA KOpPOTKOYacHe MiABULLEHHA
TNF Ta IL-6 uepes akTuBaLito meTabonizmy.

PiBeHb IL-10 nocTynoBoO 3pOCTaE, CNpMUAOYM 3acno-
KOEHHIO 3aManeHHs.

JoBroctpokoBuii edeKT (Yepes Kinbka gHiB abo nicns
KypcCy NikyBaHHA):

IL-6 i TNF 3HMXKYOTbCA, LLLO CBIAYNTbL MPO 3MEHLUEHHA
3anasieHHs.

IL-10 nigBuwyeTbCA, Bigobparkaloum HopmanisaLito
3ananbHOI peakLii Ta akTMBALLitO BiAHOBNEHHSA.

OnAa nepeBipkM npeacTaBNeHOl HaMu  KOHLenuii
3MiHM Npo3ana/sibHUX LIUTOKIHIB Byno NpoBeaeHo aHanis
iX 3MiH. OUiHKY NOKa3HWKIB NPOBOAUIN [0 JliKyBaHHA
Ta yepes 5-7 Aib nicna octaHHboro Kypcy. MNopiBHAHHA 3
HOPMaNbHUMU 3HAYEHHAMM.

3MiHK BioXiMiYHMX NOKA3HWKIB 4O NiKyBaHHA HaBe-
AeHo B Tabnuui.

BpaxoBytoumM 3HAYHWUI Aiana3oH AaHWX Ta ABHUI ne-
PETUH iHTEPBanNiB 3MIHHUX A1 3pYYHOT OLLHKM 6yn0 no-
byaoBaHo giarpamu posnoginis (puc. 3).

[iarpama, Aika npeactaBneHO Ha pUC. 3a, NOACHIOE
po3noAin piBHA LMTOKiHa IL-6. [lo nikyBaHHA cnocTepira-
€TbCA MOMITHe npase 3MmilteHHs (Me=7.83 nr/mn) (tabn.)
Bif, KpaHbOT MeXi Hopmu (7 nr/mn), a TaKOX BUKNUA, 3Ha-
yeHb binbwe 20 oAMHULDb. 33 cepeaHiMM 3HAYEHHSMMU
(8.48+2.29) nr/mn, TaKo}K MaEMO 3MillleHHA Bif, Bepx-
HbOT MeXi HOPMMU | BUCOKY BapiaTUBHICTb AaHni, y 30%.

Micna niKyBaHHA CMNOCTEPIraEMO 3MILLEHHA OAHUX
LEeHTPaNIbHUX TEHAEHL B 30HY HOPMA/IbHUX 3HAYeHb —
ans cepeaHboro (6.91+0.71) pg/ml, i megiaHmn 6.85 pg/
ml. MakcumanbHi 3Ha4yeHHsA IL-6 nicns nikyBaHHA nepe-
BULLYIOTb HOPMY, asie 3HAaYHUX BUKWUAIB He crnocTepira-
€TbcA (8.73 nr/mn).

3a AaHMMWU CTAaTUCTUYHOrO aHanNizy HopmanisoBa-
HWI NokasHuK TecTy Wilcoxson ctaHoBuTb W=1149 npu
CTaTUCTUYHIN 3HauywwocTi TecTy p<0.01. BigHOCHa 3miHa
MeZiaHM CTaHOBUTb -12.52%, KNiHiYHW edeKT (r) cTaHo-
BUTb 0.587, AKMIN BBaXKatoTb 3HAYHUM.

PosrnaHemo sk 3miHoBaBcA piBeHb IL-10 y nauieHTiB
3 ronosHMm 6onem Hanpyru. Jo nikyBaHHA crnocTepira-
EMO [y)Ke LUMPOKUI iHTEpPBaN PO3KUAY 3HAYEHb LLbOrO
nokasHuka — Big, 8,17 nr/mn go 90,50 nr/mn, Lo MosKe
CBiZYMTM NPO CWUJIbHUIM 3anasbHWUN MPOLEC Y AeAKUX

NaLi€eHTiB. 3a AaHUMM CTAaTUCTUKMK, CEPELHi 3HAYeHHA
(26,27+21,48) nr/mn cunbHO 3MillleHe Bif memiaHu —
19,3, wo cBiaYMNTL NPO BIACYTHICTb HOPMANbHOIO PO3MN0-
Ainy, To6To NnokasHMKM IL-10 matoTb AyrKe BUCOKY Bapia-
6enbHicTb (81,8%), WO TaKOXK NpeacTaBieHa Ha puc. 36.

Micna ocTeonaTUYHOro niKyBaHHA CNOCTEPIraEmo
3MeHLWeHHaA pisHA IL-10 go (15,02+14,69) nr/mn, ane
3HAYHUIM PO3KUA, SAHMX 3a/IMLIAETLCA O3HAKOI PO3Mo-
ainy naHunx —8ig 5,88 nr/mn ao 75,84 nr/mn. 3a gaHuMu
CTaTUCTUYHOTO aHani3y BM3HAYEHO CTAaTUCTUYHO 3HAYY-
we (p<0,01) 3HMKEeHHA NoKasHMKa Ha 46,59%, a Takox
nigTBepAKEeHO KAIHIYHMIA edeKT NiKyBaHHA Ha pPiBHI
0,438 (cepegHii).

TpeTilt NoKasHWK, AKUA MU KoHTpontoBannm — TNF-
a. 33 AaHUMWU CTAaTUCTUYHOMO aHani3y, AK A0 NiKyBaH-
Ha (10,03+0,64) nr/mn, Tak i nicna Hboro (10,73+0,61)
nr/mn, BU3HAYEHO A0BOJI CKYNUYEHMIN PO3KMA, AaHMX 3
HU3bKol BapiabenbHicTb 6ina 8%. BiamiyeHo cTatuc-
TUYHO 3HauyLLe (p<0.01) 36inbweHHs piBHA TNF-a nicas
nikyBaHHA Ha 8,09%. Bpaxosytoum mexi Hopmu TNF-a
Big 1,1 nr/mn go 8,1 nr/mn 3 gonyctumum pisHem 6e3
KNiHiYHUX npoABsis A0 15.0 nr/mn, MoXKHa BBa)KaTtu, WO
3MiHM TNF-a 6y y mexkax gonyctMmoi HOpMKU BRpo-
OOBX BCbOro nepiogy /NiKyBaHHA. 36iNblueHHA PiBHA
TNF-a noAcHtoeTbCA Pi3MYHMM BNAMBOM OCTEONATUYHO-
ro NiKyBaHHA.

LIMTOKIHM € BaXKIMBUMW EHO0TEHHUMU PEYOBMHAMMK,
AKi 6epyTb yyacTb B iIMyHHWX | 3aManbHUX peakuiax. Bea-
YKAETbCA, WO HeMporeHHe 3anajsieHHA Bigirpae posab y
BMHUKHEHHI r0O/I0BHOIO 60/110 HAMpPYXKeHHS, LLLO BKAOYAE
3MiHYy piBHA LMTOKiHIB. OCHOBHi acneKTu Lboro 3B’A3Ky
NoNAratoTb B HACTYMHOMY:

Y Naui€eHTiB 3 XPOHIYHMM roN0BHMM Bonem Hanpyru
YacCTo BMABAAIOTL MiABULLEHI PiBHI NPO3anasibHUX LUTO-
KiHiB, Takux K IL-1B, IL-6 Ta TNF-a [7].

Li UMTOKIHM MOXKYTb BNAMBaTM Ha 60/1bOBI WAAXM,
CNPUAIOYM LIeHTPaNbHIN ceHcuTM3aLi | XpoHizauii 6oto.

CnocTepiraeTbcA KOpenawia MK iHTEHCUBHICTIO
60110 i PIBHAMM AEAKMX LUTOKIHIB Yy CMPOBATL,i KPOBI.

3ananbHi Npouecn, onocepenKoBaHi UUTOKIHAMM,
MOXYTb BMMBATU HA M'A3M WK Ta rofI0BM, WO 4acTo
3a/ly4eHi Yy MexaHi3MU BUHWKHEHHS TOIOBHOrO 60/1t0
Hanpyru.

CTpec, AKUI € BaXKNIMBUM TPUTEPOM A/1A LbOro TUMNYy
ro/IOBHOTO 60110, TAKOXK MOXKe BMIMBATU Ha PiBHI LUTO-
KiHiB, CTBOPIOIOYM NEBHE «3aMKHEHE KO10».

TinbKkuM 3a octaHHi 10 pokis 6ys10 NpoBeAeHO HU3KY
PaHAOMI30BaHMX KNIHIYHUX JOCNIAKEHD Ta CUCTEMATUY-
HUX AOCANiAXeHb 3 MeTa-aHani3aMu, AKi AOCNiAXKYyBaAn
3B’A30K LIMTOKIHIB 3 r0IOBHUM 60n1em pPi3HOro reHesy,
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y Tomy umncni 6onto Hanpyrn. Musubire AK i3 Koneramum
BMBYANM PiBHI Npo3ananbHMX UMTOKIHIB IL-6, IL-8 i TNF-a
npwu mirpeHi Ta ronosHomy 6onto Hanpyru [8].

[0 cxoXux BUCHOBKIB npunwnam Thuraiaiyah J 3 Ko-
neramum, aki susyanu pisHi TNF-a, IL-168, IL-6 Ta IL-10 [9].

B pocnigeHi Zheng T Ta cniBaBTOpiB aHani3yBanu-
€A piBHi LMTOKIHIB (91 6iNOK) Ha iX 3B’A30K 3 FO/IOBHUM
6onem [10].

Y Bcix gocnigKeHHAx 6yno BM3HaA4yeHo, WO nigBu-
LWEeHHA PiBHA LMTOKIHIB 3B’S3aHO 3 piBHEM T0/IOBHOTMO
6010 pi3HOro reHesy (MirpeHb, roNoBHUI 6inb Hanpyrn),
ane, Haxanb, OOCNIAHUKM KOHCTATyBanM, WO He3BaXKa-
H0UYM Ha HAABHICTb 3B’A3KY HEMAE NiAcCTaBM OAHO3HAYHO
CTBEPAKYBATU NPO AOCTATHIO A0KA30BICTb LibOro 38’ A3Ky
yepes HeAOCTATHICTb KAIHIYHUX OaHUX.

B pocnigXeHHi Mm Hamaranuca nokasaTu, WO nig-
BULLLEHHA PiBHIB LMTOKIHIB CMNOCTEPIraeTbCA MPU roN0B-
HOoMy 60110 HaNpPyrK, i 3HUKYETLCA MICAA YCYHEHHSA NpuU-
YnH. OcTeonaTMyHa NPAKTMKA € cama No cobi aKTUBHO
BMN/IMBAE Ha M'A30BY Ta 3B’A3KOBY CUCTEMY JIOAMHM,
O NPUBOAUTbL [0 aKTMBI3aLji 06BMiHHMX npouecis, no-
Opa3HeHHA 30H HanpysKeHHA nig Aaieto miodacuianb-
HUX TEXHIK B OocTeonaTii. ToMy Ha mepwux eTanax moxe
BifOyBaTUCA 36iNblUEHHA PiBHIB LMTOKIHIB, ane no mipi
YCYHEHHA 30H HaMpY)KeHHA Ta JIOKA/IbHOTO 3ananeHHs,
BifOyBa€eTbCA MOCTyNoBa HOPMasi3aLis UUTOKiHIB. Ane
CKMIaZHWUIM Npouec Aii Npo3anasbHMUX LUTOKIHIB, BigHOC-

HO TPWBANi TEPMiHM iX HOPMani3aLi, @ TAaKOX Te, Lo Uu-
TOKiHM BiANOBIAAOTb MaliXKe 3a byab-AKi 3ananbHi npo-
LLecu B OpraHiami, He Jat0Tb HaM O4HO3HAYHOI BiANOBIA|
040 BMOOPY came LMUTOKIHIB AK MAapKepiB SIOKaNbHOIO
3ananbHOro npotecy y m’s3ax, besnocepeaHbo Bignosi-
AaNbHUX 33 POPMyBaHHA roIOBHOTO 6010 HaNpyru.

BucHoBKM.

3a JaHMMM HALOro AOCNIAMKEHHA, Byno BM3HaYeHo,
O NPOTM3ananbHi LUTOKIHW MOXKYTb ByTU Mapkepamm
3ananbHOro npouecy y m’a3ax, BiAnoBiganbHUX 3a dop-
MYBaHHSA rosI0BHOro 60/t Hapyru. Mepes NikyBaHHAM
CNoOCTepiraeTbca ix NomiTHe 36iNblUEHHS 32 Mexi pede-
paTuBHMX Hopm. [licna npoBefeHOro ocTeonaTUYHOrO
NiKyBaHHA BiabyBaeTbCsA iX 3HUKEHHSA 0AHOYACHO 3i 3HU-
YKEHHAM PiBHA ronoBHOro 60nt0. Bpaxosyroum BigHOCHO
TpUBaNMiA npouec Hopmanisauii piBHIB LMTOKiHIB, Ha
MOMEHT KOHTPO/ItO, Y AEAKMX MaLEHTIB He Bigbynoca
iX 3HW)KEHHA 40 HOPMMW, ane CMOCTEePIraETbCA YiTKa TeH-
OeHLA [0 3HUXKEHHA 3anasibHUX NPOLECIB.

MepcnekTMBM NOAANBLUNX [OCNiIAMKEHD.

Y npoueci aHanisy 6ioximiuHMX NOKA3HMKIB y NaLieH-
TiB i3 ronoBHMM 6onem Hanpyrv 6yn0 BUABAEHO BUCOKY
BapiabenbHicTb PiBHA LUMTOKIHIB AK A0, TaK i nicna niky-
BaHHA. Y NoAaNblWMX AOCNIAKEHHAX AOLINIbHO BUBUYUTHU
3B’A30K MiX PiBHEM LMTOKIHIB, IHTEHCMBHICTIO FO/I0BHO-
ro 6onto Ta 601bOBUM CUHAPOMOM Y TPUFEPHMUX TOUYKAX
m’Asis.
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3MIHU NPO®I/TIHO UMUTOKIHIB MPU OCTEONATUMHOMY HEMEAUKAMEHTO3HOMY NIKYBAHHI TOJIOBHOIO
BOJIIO HANPYTU

BecHiH A. B., KapniHcbka O. 4.

Pestome. JuchyHKLiA M'A3iB WK Ta N1€YOBOro NOACY YacTo CTAE NPUYMHOLO FONIOBHOIrO 6010, LLO 3yMOB/IEHO
He NuLe MeXaHIYHUM HaNpPyXKeHHAM, @ K 3aMasibHUMKM NPOLLeCamMM B TKaHMHAX. 3MEHLLEHHAM KPOBOMNOCTAYaHHA
ro/IOBHOIO MO3KY, CyNpPOBOAKYETLCA PO3BUTKOM 3ananbHOI peaku,ii (IL-6). B Takili cuTyaLii cnocTepiraeTbes nigsu-
LeHHs ekcnpecii reHis IL-10 Ta TNF-a, AKi 4oONoOMaratoTb BUKUBAHHIO HEMPOHIB IiaIbHUX KNITUH, 6/10KY0UMN edheKTu
npo3anasibHUX LMTOKIHIB i CIpUAOYM eKCMPEeCii CUrHaNiB BUMKMBAHHA KAITUH. J1s NiKyBaHHA rofIoBHOro 60/t0 Ha-
npyru 6ys po3pobaeHunii cneujianbHUA NiKyBaNbHUIA KOMMJIEKC OCTEONATUYHUX TEXHIK, CNPAMOBAHMUIN Ha YCYHEHHSA
M’A30BOr0 HaMpyKeHHA Ta BiAHOBAEHHA HOPMA/IbHOrO KPOBOOGIry B AiNAHLI WK, NN1€4OBOro NoAcy, rpyaHoI KAiTH-
HW, TONI0BU, WO ePEeKTUBHO 3MEHLLYE MEXaHiYHi NpUYMHM 6onio.

Mema docnidnceHHA. NoKasaTu mexaHiam GopmyBaHHA BigNOBiAi Npo3ananbHUX LMTOKIHIB (IL-6, IL-10, TNF-a)
Ha m’s30BY AMCcPYHKLIO Ta iX BiANOBIAb HA OCTEeONaTUYHY KopeKuito. MNpoaHanizyBaTh 3miHM Npo3anasibHUX LUTOKI-
HiB Y NALLIEHTIB A0 Ta NicAA NiKyBaHHA.

06’ekm i memodu 0ocnioxceHHsA. NpoBeaeHO CTaTUCTUYHWUI aHaNi3 NOPIBHAHHA PiBHA MOKa3HMKIB 40 Ta nicns
nikyBaHHA. O6cTexkeHo 48 nauieHTiB cepeaHin Bik ctaHosmB (43,3+10.0), Big 23 Ao 59 pokis. BumiptoBann piBeHb
uMTOKiHIB IL-6, IL-10 Ta TNF-a oo Ta yepes 3-5 Aib nicns 3aBeplUeHHA Kypcy 0CTEONAaTUYHOTO JliKyBaHHA.

Pe3ynbmamu. bByno po3rnaHyTo MexaHi3am 3MiHW NpoTM3ananbHMX MapKepiB B MpOLLeCi NpoBeAeHHA ocTeona-
TUYHOTO NiKYBaHHA, AKUA MNOACHMB 3MiHM LMTOKIHIB 40 Ta Nicaa NiKyBaHHA, AKMIA OYB NiATBEPANKEHNIN pe3ynbTaTaMu
NPOBEAEHOr0 CTAaTUCTUYHOIO aHani3y. B npoBeaeHOMy A0CNiAKEHHI MOKA3aHO, WO MNiABULEHHA PiBHIB LMTOKIHIB
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CMOCTEPIraeTbcA NPU roNoBHOMY 6O/ HANPYrK, | 3HUKYETLCA MNICAA YCYHEHHA npuumH. OCTeonaTtMyHa NpakTuKa
cama no cobi aKTMBHO BMN/IMBAE Ha M’A30BY Ta 3B’A3KOBY CUCTEMY JILOAMHMU, LLLO NPUBOANUTL A0 aKTUBI3aLii 06MiHHMX
NpoLueciB, MOAPa3HEHHA 30H HAMNPYKEeHHA NiA Aieto miodacuianbHUX TEXHIK B ocTeonarii. ToMy Ha MepLluMx eTanax
MOKe BifbyBaTUCA 36iNblUEHHA PiBHIB LUUTOKIHIB, a/e MO Mipi YCYHEHHS 30H HaMpPYKeHHS Ta /I0Ka/IbHOro 3anasiex-
HS, BiAOYBAETbCA NOCTYNOBa HOPMani3aLia LMTOKIHIB. Ane CKnaaHUI npouec 4ii npo3ananbHUX LUTOKIHIB, BiAHOCHO
TpuBani TepMiHK X HOpMani3aLii, a TaKoX Te, WO LMTOKIHW BigNoBigaoTb MaiKe 3a byab-aKi 3ananbHi npouecu B
opraHi3mi, He AatoTb HaM OZHO3HAYHOI BiANOBIAj WOA0 BUHOPY cCame LMTOKIHIB K MapKepiB /I0KaIbHOro 3anasibHo-
ro npouecy y m’ssax, 6esnocepeaHbo BignoBiganbHMX 32 GOpMyBaHHA rOI0BHOrO 600 HaNpPyru.

BucHosKu. BU3HayeHo, WO NpoTM3anaabHi UMTOKIHM MOXYTb BYTU MapKepamu 3ananbHOro npolecy y m’a3ax,
BiANoBiAanbHMX 32 GOpPMyBaHHA roI0BHOTO 60110 Hapyri. BpaxoByoun BigHOCHO TPMBaIMA NpOLLEC HOpManisauii
PiBHIB LMTOKIHIB, HA MOMEHT KOHTPOJIIO, Y AESKMUX NaLLiEHTIB He Biabynocs ixX 3HUMKEHHA 40 HOPMM, ane cnocrepira-
€TbCA YiTKa TEHAEHLIA A0 3HUKEHHA 3anaNbHMX NPOLLECIB.

Kntouosi c/ioBa: npo3anasbHi LUTOKIHK, roN0BHMI 6inb Hanpyru, m’s3oBa ANCHYHKLIA, OCTEONATUUYHE NiKYBaAHHSA.

CHANGES IN CYTOKINE PROFILE IN OSTEOPATHIC NON-DRUG TREATMENT OF TENSION HEADACHE

Vesnin A. V., Karpinska O. D.

Abstract. Dysfunction of the muscles of the neck and shoulder girdle often causes headaches, which is caused
not only by mechanical stress, but also by inflammatory processes in the tissues. A decrease in blood supply to the
brain is accompanied by the development of an inflammatory reaction (IL-6). In such a situation, there is an increase
in the expression of the IL-10 and TNF-a genes, which help the survival of glial cell neurons, blocking the effects
of pro-inflammatory cytokines and promoting the expression of cell survival signals. For the treatment of tension
headache, a special treatment complex of osteopathic techniques was developed, aimed at eliminating muscle
tension and restoring normal blood circulation in the neck, shoulder girdle, chest, and head, which effectively
reduces the mechanical causes of pain.

The aim of the study. To show the mechanism of formation of the response of pro-inflammatory cytokines (IL-6,
IL-10, TNF-a) to muscle dysfunction and their response to osteopathic correction. To analyze the changes in pro-
inflammatory cytokines in patients before and after treatment.

Object and research methods. A statistical analysis was conducted to compare the levels of indicators before and
after treatment. 48 patients were examined, the average age was (43.3+10.0), from 23 to 59 years. The levels of
cytokines IL-6, IL-10 and TNF-a were measured before and 3-5 days after the completion of the course of osteopathic
treatment.

Results. The mechanism of change in anti-inflammatory markers during osteopathic treatment was considered,
which explained the changes in cytokines before and after treatment, which was confirmed by the results of
the statistical analysis. The study showed that an increase in cytokine levels is observed in tension headache,
and decreases after eliminating the causes. Osteopathic practice itself actively affects the human muscular and
connective system, which leads to the activation of metabolic processes, irritation of tension zones under the
influence of myofascial techniques in osteopathy. Therefore, at the first stages, an increase in cytokine levels may
occur, but as the tension zones and local inflammation are eliminated, a gradual normalization of cytokines occurs.
But the complex process of action of pro-inflammatory cytokines, the relatively long terms of their normalization, as
well as the fact that cytokines are responsible for almost any inflammatory processes in the body, do not give us an
unambiguous answer regarding the choice of cytokines as markers of the local inflammatory process in the muscles,
directly responsible for the formation of tension headaches.

Conclusions. 1t has been determined that anti-inflammatory cytokines can be markers of the inflammatory
process in the muscles, responsible for the formation of tension headaches. Given the relatively long process of
normalization of cytokine levels, at the time of control, some patients did not have their levels reduced to normal,
but there was a clear trend towards a decrease in inflammatory processes.

Key words: pro-inflammatory cytokines, tension headache, muscle dysfunction, osteopathic treatment.
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