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Objective: To investigate morphofunctional changes of the neuro-glial-
vascular interface in children with metabolic intoxications, particularly in
acetonemic syndrome and hyperammonemia.

Materials and methods: A systematic literature review with elements of
narrative analysis was conducted following PRISMA guidelines. Literature
search was performed in PubMed/MEDLINE, Web of Science Core Collection,
Scopus, and Cochrane Library for the period 1990-2024. Included studies
involved children from birth to 18 years and investigated neurotoxic effects
of acetonemic syndrome and hyperammonemia. Study quality was assessed
using Newcastle-Ottawa Scale, AMSTAR-2, and SYRCLE tools.

Results: Key morphofunctional disorders of the neuro-glial-vascular interface
were identified: cytotoxic astrocytic swelling due to glutamine accumulation
during ammonia detoxification; blood-brain barrier disruption with decreased
expression of tight junction proteins (claudin-5, occludin, Z0O-1); impaired
energy metabolism due to glycolysis inhibition and mitochondrial dysfunction;
excitotoxicity resulting from glutamate-glutamine cycle disruption; microglial
activation with increased expression of CD68, Ibal, MHC II, and pro-
inflammatory cytokine secretion.

Conclusions: Morphofunctional changes of the neuro-glial-vascular interface
with acetonemic syndrome and hyperammonemia are characterized by
complex disruptions of blood-brain barrier (BBB) structure and function, energy
metabolism, neurotransmitter balance, and neuroinflammatory processes. A
personalized approach to diagnosis and treatment using biomarkers of BBB
damage and neuroinflammation is necessary.

Keywords: neuro-glial-vascular interface; acetonemic syndrome;
hyperammonemia; blood-brain barrier; astrocytes; excitotoxicity;
neuroinflammation,; children

Relevance

in the detoxification of neurotransmitters (particularly

Metabolic intoxications in children, particularly
acetonemic syndrome [3] and hyperammonemia [1, 2, 10],
represent a serious clinical problem in pediatrics.
“Prolonged hyperammonemia causes irreversible
damage to the central nervous system leading to cortical
atrophy, ventricular system enlargement, and inhibition
of myelination processes, which can subsequently result
in cognitive impairments, seizures, and cerebral palsy”
[1, 2]. In turn, “acetoacetate and beta-hydroxybutyrate
stimulate the activity of the Na-K-Cl cotransporter in
endothelial cells of brain microvessels, making them
more susceptible to damage” [58].

One of the most vulnerable targets in such conditions
is the neuro-glial-vascular interface—a complex
morphofunctional system that provides metabolic,
barrier, and signaling interactions between neurons,
glial cells (primarily astrocytes), and the brain’s capillary
network [4, 7]. Under normal conditions, this interface
regulates the permeability of the blood-brain barrier
(BBB), ensures substance exchange between blood and
nervous tissue, maintains ionic balance, participates

glutamate) and neutralizes ammonia through the
synthesis of glutamine in astrocytes [4, 5, 6].

Morphologically, the neuro-glial-vascular interface
consists of endothelial cells and their associated
pericytes, astrocytes, neurons, and microglia [7].
Under physiological conditions, astrocytes are in close
interaction with the endothelium, regulating metabolism
and protecting neurons from toxic influences [4, 7].
Their ability to bind excess ammonia and maintain the
acid-base homeostasis of brain tissue is of particular
importance [9].

In acetonemic syndrome, due to the accumulation
of ketone bodies, and in hyperammonemia—because of
the excessive concentration of ammonia in the blood
and tissues— the function of this interface is disrupted
[9, 10]. Toxic metabolites penetrate the BBB [12], causing
astrocyte swelling [13, 23, 24], sodium-potassium pump
dysfunction [14], impaired glucose transport [15],
activation of microglia, and increased production of
pro-inflammatory cytokines (IL-1B, TNF-a) [16]. This is
accompanied by neurotransmitter imbalance [17], loss
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of BBB integrity [18], decreased neuronal activity, and
eventually the development of encephalopathy, seizures,
impaired consciousness, and delays in cognitive and
psychomotor development.

Particularly concerning is the fact that, the
neuro-glial system is morphofunctionally immature in
childhood, and the BBB has increased permeability,
which enhances the brain tissue’s sensitivity to metabolic
toxins [19]. Moreover, the compensatory capacity of a
child’s body is still limited, and signs of intoxication may
develop rapidly, even with short-term exposure [20].

Despite the high clinical significance of these
conditions, the morphofunctional changes of the neuro-
glial-vascular interface in various forms of metabolic
intoxication in children remain poorly understood [21].
The lack of clear understanding regarding the nature and
dynamics of these changes prevents early detection of
CNS damage, complicates prognosis, and hampers the
development of personalized therapeutic approaches
[22]. Therefore, targeted research into structural and
functional changes of the neuro-glial-vascular interface in
children with acetonemic syndrome and hyperammonemia
becomes especially relevant, as it may improve diagnosis,
prevent severe outcomes, and optimize the management
of patients with metabolic crises.

Research objective

To analyze scientific approaches and review current
literature on the morphofunctional changes of the
neuroglial-vascular interface in children with metabolic
intoxications (based on acetonemic syndrome and
hyperammonemia) in order to identify the mechanisms
of central nervous system damage, improve early
diagnosis of neurotoxic complications, and substantiate
approaches to personalized therapy.

Materials and methods

A systematic literature review with elements of
narrative analysis was conducted to investigate the
morphofunctional changes in the neuro-glial-vascular
interface in children with metabolic intoxications,
particularly in cases of acetonemic syndrome and
hyperammonemia. The study followed the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines for systematic reviews.
Literature sources were searched in the following
electronic databases: PubMed/MEDLINE, Web of Science
Core Collection, Scopus, and Cochrane Library for the
period 1990-2024, with additional searches performed
via Google Scholar. English-language keywords and
term combinations were used in the search, including
“acetonemic syndrome,” “hyperammonemia,” “blood-
brain barrier,” “astrocyte swelling,” “excitotoxicity,”
“neuroinflammation,” and relevant MeSH terms.

The review included publications that met the
following inclusion criteria: original studies, systematic
reviews, and meta-analyses published in English;
studies involving children from birth to 18 years of
age; papers investigating the neurotoxic effects of
acetonemic syndrome and/or hyperammonemia; and
research on morphofunctional changes of the BBB in
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metabolic disorders. Experimental studies on animal
models relevant to pediatric practice were also included.
Exclusion criteria were as follows: conference abstracts
without full texts, case reports with fewer than three
patients, studies exclusively involving adult populations,
publications unrelated to the neurotoxic effects of the
studied syndromes, and duplicate publications.

The selection of sources was carried out in two
stages: aninitial screening based on titles and abstracts
using the inclusion/exclusion criteria, followed by
full-text review of the selected articles. Each study
was independently assessed by two reviewers, with
discrepancies resolved through discussion until
consensus was reached. Additional relevant studies
were identified through manual searches of reference
lists from selected articles.

To assess the quality of the included studies, the
following tools were used: the Newcastle-Ottawa Scale
(NOS) for cohort and case-control studies, AMSTAR-2
for systematic reviews, and SYRCLE’s Risk of Bias
tool for animal studies. Evaluation criteria included
methodological quality, appropriateness of study design
to objectives, adequacy of statistical analysis, presence
of control groups, and sample representativeness.

From each included publication, the following
data were extracted: study characteristics (authors,
year, country, design), population details (age, sex,
sample size), research methods and diagnostic criteria,
main findings and conclusions, and study limitations.
A qualitative (narrative) synthesis of the data was
conducted, with thematic grouping into the following
categories: morphological changes of the neuro-glial-
vascular interface, pathophysiological mechanisms of
BBB disruption, disturbances in energy metabolism,
neurotransmitter imbalances and excitotoxicity,
inflammatory processes and microglial activation,
clinical manifestations and diagnostic approaches, and
therapeutic strategies.

Due to the heterogeneity of the included studies, a
quantitative meta-analysis was deemed inappropriate.

Results

Changes in the structure of the neuro-glial-vascular
interface in acetonemic syndrome and hyperammonemia
are of key importance in the development of neurological
symptoms and the progression of encephalopathy
[1-10, 13, 15].

Morphofunctional disorganization of the neuro-
glial-vascular interface. This interface, composed
of neurons, astrocytes, endothelial cells of capillaries,
pericytes, microglia, and the basal membrane, performs
essential functions in metabolic exchange between blood
and nervous tissue, regulation of BBB permeability, and
maintenance of brain homeostasis [1-10, 13, 15]. In
metabolic disorders characteristic of these syndromes,
the BBB undergoes significant morphofunctional
disorganization [20]. One of the earliest and consistent
histological manifestations found in scientific studies
is pronounced astrocyte swelling [1-10, 13, 15].
Biochemically, this phenomenon is caused by an excess
of ammonia in the blood, which freely passes through

This article contains some figures that are displayed in color online but in black and white in the print edition

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

the BBB and enters brain tissue [1, 2, 5, 6, 9, 23, 24]. In
the brain, ammonia is detoxified in astrocytes through
the activity of the enzyme glutamine synthetase, which
catalyzes the reaction of glutamine formation from
glutamate and ammonia [1, 2, 5, 6, 9, 23, 24]. It has been
proven that glutamine synthesized in large amounts can
accumulate in astrocytes, creating osmotic pressure that
leads to water influx into the cell and the development
of intracellular (cytotoxic) edema [13]. Morphologically,
this process is accompanied by an increase in astrocyte
volume, destruction of their processes, deformation of
contacts with capillaries, which impairs the metabolic
support of neurons [23, 24].

Impairment of BBB function. Alongside the
aforementioned changes, there is also a disruption in
the functional state of the BBB [1-10, 13, 15]. With an
excess of ketone bodies (in particular, B-hydroxybutyrate
and acetoacetate) and ammonia, damage to endothelial
cells of capillaries is observed. It has been established
that this pathological process may be caused by oxidative
stress, reduced activity of cellular respiration enzymes,
and the disintegration of intercellular tight junctions
[25, 26, 28, 29-34].

Oxidative stress occurs when the increase in
energy output produced by aerobic metabolism leads to
elevated formation of potentially harmful reactive oxygen
species (ROS). During incomplete Oz oxidation, ROS
such as superoxide anion radical, hydrogen peroxide,
and hydroxyl radical are formed. These highly reactive
compounds are capable of damaging cellular proteins,
lipids, and DNA. When the ROS burden in a cell exceeds
its own antioxidant capacity, a state of oxidative stress
arises. In the context of metabolic disorders, elevated
concentrations of ketone bodies and ammonia potentiate
oxidative stress, leading to endothelial dysfunction,
impaired microcirculation, and intensified inflammatory
responses. This creates a vicious cycle of damage,
where metabolic disorders intensify oxidative stress, and
oxidative stress in turn deepens metabolic disturbances,
causing progressive tissue damage [34]. At the molecular
level, this process manifests as decreased expression
of claudin-5, occludin, and ZO-1 proteins, leading to
increased BBB permeability [31]. Histochemically, it
is accompanied by extravasation of plasma proteins
(albumin, immunoglobulins), which can be detected in
brain tissues, as well as swelling of the perivascular
space, signs of hyperemia, and leukocyte diapedesis
[35]. As a result, vasogenic edema develops, leading to
compression of capillaries, impaired cerebral perfusion,
and worsening ischemic injury to nervous tissue [35].

Astrocytic disturbances and effects on water-
electrolyte balance. Special attention is warranted
for the disruption of astrocytic contacts with capillaries.
Normally, astrocyte end-feet form a glio-vascular
mantle that covers almost the entire surface of brain
capillaries and regulates the transport of water,
ions, and energy substrates, particularly through
the aquaporin AQP4 [36]. It has been shown that in
acetonemia and hyperammonemia, these structures
become disorganized, which is either accompanied by a
decrease in AQP4 expression (disrupting osmoregulation)
or by compensatory upregulation (which, conversely,
enhances astrocyte swelling). Both mechanisms lead

to pathological accumulation of fluid in brain tissue and
disruption of metabolic exchange between neurons and
capillaries, as reflected in the study by Rama Rao K. V.
etal. [37]. To determine the potential role of aquaporins
in astrocyte swelling, the authors measured AQP4
protein expression in cultured astrocytes exposed to 5
mM NHa4Cl. It was found that AQP4 levels significantly
increased 10 hours after ammonia treatment and showed
progressive growth up to 48 hours, preceding the onset
of astrocyte swelling. The researchers concluded that
AQP4 may be involved in astrocyte edema associated
with hyperammonemic conditions [37].

Energy metabolism in neurons and astrocytes
in acetonemia and hyperammonemia. The primary
energy source for brain cells, particularly neurons and
astrocytes—which require constant energy supply for
maintaining electrical excitability, synaptic transmission,
and osmoregulation—is glucose [38]. Its transport to
brain tissue is facilitated by transporters—mainly GLUT1
in capillary endothelium and astrocytes [39], and GLUT3
in neurons [39]. Under acetonemia, there is competition
for BBB transport between glucose and ketone bodies
(especially B-hydroxybutyrate), which may reduce
glucose entry into the brain [40].

Simultaneously, due to excess ammonia accumulating
in brain tissue, the activity of the key glycolytic enzyme
phosphofructokinase decreases, which further worsens
ATP production. In astrocytes, energy flow is redirected
toward ammonia detoxification (via the glutamine
synthetase reaction), which diverts resources from
supplying neurons with lactate—a key product of
astrocytic metabolism necessary for neuronal function
[41]. This mechanism is known as the astrocyte-neuron
lactate shuttle (ANLS), which provides neurons with
energy through their metabolic connection to astrocytes
[41]. Normally, neuronal activity leads to glutamate
release, which stimulates glycolysis in astrocytes and
lactate production. Lactate is transported to neurons
via monocarboxylate transporters and used as a readily
available energy source. When this pathway is disrupted,
particularly by the toxic effects of ammonia, lactate
production and delivery to neurons decrease [41]. As a
result, neurons do not receive enough energy substrate
and experience energy starvation, impairing their
function and viability.

A decrease in intracellular ATP levels leads
to dysfunction of the Na*/K*-ATPase (sodium-
potassium pump), which maintains the electrochemical
gradient between the neuron's inner and outer
membranes [42]. This pump actively removes three Na*
ions from the cell and brings in two K* ions, which is
necessary for restoring the resting potential after a nerve
impulse. When this mechanism is inhibited, excessive
accumulation of sodium in neurons and extracellular
potassium is observed, which causes depolarization
of the cell membrane, excessive excitability or
impulse transmission blockade, and the opening of
ion channels that allow uncontrolled calcium influx
[42-44]. Excess intracellular Ca2* activates enzyme
cascades, particularly phospholipases, proteinases, and
endonucleases, ultimately leading to membrane damage,
DNA fragmentation, and the initiation of apoptosis or
necrosis of neurons [42-44].
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Neurotransmitterimbalance and its role in the
development of encephalopathy. Neurotransmitter
imbalance is a key pathophysiological mechanism in
the development of central nervous system damage
in acetonemic syndrome and hyperammonemia [2].
One of the key factors in the impairment of neuronal
function in many neurological pathologies is the
excessive accumulation of glutamate [2]. Glutamate
activates ionotropic postsynaptic receptors—N-methyl-
D-aspartate (NMDA) and AMPA/kainate receptors—
causing depolarization of the neuronal membrane
through the influx of Na* ions and the initiation of an
action potential. Normally, after performing its signaling
function, glutamate should be rapidly removed from the
synaptic cleft [2]. If this does not occur, two pathological
effects arise: excessive stimulation of receptors, which
complicates the recognition of new signals and may
cause cellular edema; and glutamate that escapes the
synapse can activate extra synaptic NMDA receptors,
causing Ca2* influx and the initiation of cell death
cascades [2].

Astrocytes in turn play a critical role in preventing
excitotoxicity. They provide rapid glutamate clearance
from the extracellular environment due to high
expression of specific transporters—GLT-1 (EAAT2)
and GLAST (EAAT1). These belong to the excitatory
amino acid transporter family (EAAT1-5), are
electrogenic and sodium-dependent, and are capable
of transporting glutamate against its concentration
gradient through co-transport with Na*, H*, and K*
[2]. Astrocytes compensate for associated changes
in membrane potential and pH through ion channel
systems (particularly KIR4.1) and exchangers, as well as
through the ability to dissipate ionic changes throughout
the astrocytic network via connexin-dependent gap
junctions [2].

Once captured, glutamate can enter several
metabolic pathways within astrocytes. One of them
is its conversion to a-ketoglutarate via the action of
glutamate dehydrogenase or transaminase, followed by
entry into the Krebs cycle [2]. Another key pathway is the
transformation of glutamate into the non-toxic glutamine
via the enzyme glutamine synthetase. Glutamine is
transported back into the extracellular space using the
Na*-dependent transporter SNAT3 and enters neurons,
where phosphate-activated glutaminase converts it
back to glutamate [2]. Thus, the glutamate-glutamine
cycle occurs, which is considered a key mechanism for
maintaining the balance of excitatory transmission and
neuronal metabolism.

Impairment of the function or expression of glutamate
transporters, especially EAAT1 and EAAT2, leads to
elevated extracellular glutamate levels, promoting the
development of excitotoxicity, neuroinflammation, and
oxidative stress [2, 34].

In this case, the excessive amount of glutamate not
only fails to be cleared from the synaptic cleft but can
also be released into the extracellular space, activating
ionotropic (NMDA, AMPA, kainate) and metabotropic
receptors on the surface of neurons [2, 45, 46].
Activation of NMDA receptors is particularly dangerous,
leading to massive Ca2* influx into the cell and initiating
the so-called “excitotoxicity” cascade [2, 45, 46].
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This process is accompanied by the activation
of calcium-dependent enzymes (NO synthase,
phospholipases, caspases), contributing to oxidative
stress, disruption of cell membrane structure, and
mitochondrial dysfunction. As noted by Todd and
Hardingham, “If glutamate escapes the synaptic
region, it can activate extrasynaptic NMDA receptors:
excessive Ca2* influx through these extrasynaptic NMDA
receptors induces signaling cascades that initiate cell
death programs” [46].

Inflammatory process and microglial activation.
“In the ‘resting’ state, microglia vigorously infiltrate the
local microenvironment, extending and retracting motile
processes equipped with a vast number of surface
receptors. Detection of any specific or nonspecific stimuli
related to infection or tissue damage stimulates microglia
to perform an appropriate response” [47]. In response
to infectious or damaging signals, microglia transition
to a reactive state, changing both morphology and
functional activity [47]. Activated microglia phenotypes
are traditionally divided into M1 (pro-inflammatory,
neurotoxic) and M2 (anti-inflammatory, neuroprotective),
although modern transcriptomic and proteomic studies
show that such classification is conditional, as in vivo
microglia display a wide spectrum of mixed functional
states [47]. M1-like microglia produce pro-inflammatory
cytokines (IL-1B, TNF-a, IL-6), chemokines, eicosanoids,
and reactive oxygen/nitrogen species; this, in turn,
leads to further damage to neurons and astrocytes
[47]. M2-like microglia, on the contrary, promote
inflammation resolution and tissue repair by producing
anti-inflammatory mediators and enzymes, including
arginase [47]. Histochemically, activated microglia are
characterized by elevated expression of specific markers
such as CD68, Ibal, and major histocompatibility
complex class II (MHC II), which is used as an indicator
of the cell's immunological activity [48]. The release
of pro-inflammatory cytokines, particularly IL-18,
TNF-a, and IL-6, in this context exacerbates damage
to surrounding neurons and astrocytes, creating a
pathological cycle of inflammation [47, 48].

Clinical manifestations of acetonemic syndrome
and hyperammonemia. The clinical consequences
of acetonemic syndrome and hyperammonemia are
closely associated with the neurotoxic effects of
metabolic disturbances affecting the functioning of
the central nervous system in children [49]. Common
manifestations include seizure syndrome, transient or
prolonged consciousness disturbances (ranging from
stupor to coma), coordination disorders, irritability or
conversely lethargy, as well as cognitive impairments—
such as delays in speech, language and psychomotor
development [49].

Pathophysiologically, these symptoms are caused
by the action of elevated concentrations of ketone
bodies and ammonia on brain tissue [50-51]. The
presence of ketone bodies exacerbates this effect by
lowering pH in brain tissues and impairing the function
of neuroglial structures. This contributes to impaired
synaptic transmission, reduced activity of the GABAergic
(inhibitory) system, and, consequently, the development
of seizure syndrome [50-51]. The obtained data are
shown schematically in Fig. 1.
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Fig. 1. Pathogenesis of neuro-glial-vascular interface damage in metabolic intoxications in children

Morphofunctional changes in the central nervous
system. At the morphofunctional level, histologically,
swelling of astrocytes, perivascular infiltrates, neuronal
destruction, and activated microglia can be observed.
Lesions predominantly affect subcortical structures,
cerebral cortex, hippocampus, and cerebellum — areas
most sensitive to hypoxia and metabolic imbalance
[52-55].

Therapeutic aspects of managing pediatric patients
with disturbances of the neuro-glial-vascular interface
in metabolic intoxications, particularly in acetonemic
syndrome and hyperammonemia, should be multi-
step and include comprehensive treatment aimed at
eliminating toxic metabolites, restoring water-electrolyte
balance, as well as stabilizing structural and functional
disorders caused by the effects of toxins on the neuro-
glial-vascular interface.

In cases of severe hypoglycemia, intravenous
administration of glucose is indicated to restore its
normal level in the blood [56]. One of the most important
aspects of treatment is the correction of elevated
ammonia levels in hyperammonemia and ketone bodies
in acetonemic syndrome.

For hyperammonemia, pharmacological agents
such as L-arginine or sodium benzoate are used to help
reduce ammonia levels, which have a toxic effect on the

nervous system. Treatment begins with an initial dose
and continues as maintenance therapy depending on the
patient’s age and weight. L-arginine can be prescribed at
a dose of 250-400 mg/kg (maximum 12 g) for children
up to 20 kg, and for children over 20 kg — 250 mg/kg
up to 12 g per day [56].

Sodium benzoate and sodium phenylacetate are
used to improve detoxification. For children up to 20 kg,
the dosage is 250 mg/kg; for children over 20 kg, the
dosage is 5.5 g/m=2 per day, not exceeding 12 g/day [56].

Other drugs used to correct disturbances
related to hyperammonemia include carnitine, which
promotes the removal of toxic metabolic products. It
is administered at an initial dose of 50 mg/kg followed
by a maintenance dose of 100 mg/kg per day divided
into 4 doses [56]. Coenzyme therapy, including biotin
and hydroxocobalamin, is also applied to help normalize
metabolic processes in the body [56]. To reduce levels
of toxic metabolites, particularly ammonia, osmotic
laxatives (polyethylene glycol) and antibacterial drugs
such as rifaximin are recommended [56].

Successful management of patients with acetonemic
syndrome and hyperammonemia requires continuous
monitoring of ammonia levels, ketone bodies, electrolytes,
and other biochemical parameters [56].
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Treatment must be individualized, with dosage
adjustments and selection of therapeutic measures
depending on the dynamics of the patient’s clinical
condition. Comorbidities, as well as the age and other
individual characteristics of children, should also
be taken into account. Since the diseases may be
accompanied not only by physical but also psychological
changes, it is important to provide psychological support
for both patients and their families. This is especially
relevant for children who may be frightened by frequent
hospitalizations, pain, and the need for prolonged
treatment.

Moreover, attention should be paid to preventing
relapses through dietary and lifestyle correction,
especially in children with a burdened hereditary
background or predisposition to metabolic disorders.

Conclusions

Morphofunctional changes of the neuro-glial-
vascular interface in acetonemic syndrome and
hyperammonemia in children are associated with
disruptions of the BBB structure, manifested by
decreased expression of tight junction proteins such as
claudin-5, occludin, and ZO-1. This is accompanied by
cytotoxic astrocyte swelling, disorganization of astrocytic
endfeet, and disturbed aquaporin expression. The main
mechanisms of central nervous system injury are energy
imbalance due to impaired glycolysis and mitochondrial
dysfunction, disruption of sodium-potassium pumps
leading to depolarization of cell membranes, as well as
dysregulation of neurotransmitter balance, particularly
excessive glutamate accumulation causing excitotoxicity.
An important aspect is microglial activation with
increased expression of CD68, Ibal, MHC II, and
secretion of proinflammatory cytokines.

For the early diagnosis of neurotoxic complications,
comprehensive monitoring of biomarkers such as
S100B, NSE, GFAP for BBB damage, as well as
IL-1B, TNF-a for neuroinflammation and indicators of
neuronal dysfunction in serum and cerebrospinal fluid
is necessary. Personalized therapy should consider
different mechanisms of injury, including the use of
membrane stabilizers for BBB damage, energotropic
drugs to correct energy metabolism disturbances, and
modulators of glutamatergic transmission for treating
excitotoxicity. A multidisciplinary approach—aimed at
early detection and correction of cognitive and behavioral
disorders, as well as individualized neurorehabilitation
programs considering age-related neuroplasticity
features — is essential.

To improve diagnosis and treatment, educational
programs for pediatricians and family doctors should
be developed to facilitate in early diagnosis of neuro-
glial-vascular interface disorders. Additionally, studies
of potential neuroprotective agents that can stabilize
astrocyte-endothelial interactions should be conducted,
as well as preventive strategies developed for children
with hereditary predisposition to metabolic disorders.
Establishing a national patient registry would enable
the study of long-term outcomes and evaluation of
the effectiveness of various therapeutic approaches,
improving the diagnosis and management of pediatric
metabolic intoxications.
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iHTepdency B piTelh Nnpu MeTaboniyHUX IHTOKCUMKAUIiAX, 30KpeMa npu
aUEeTOHEMIYHOMY CMHAPOMI Ta rinepamoHiemil.

MaTepianun i metoam. lNpoBeaeHO cUCTEMATUYHUI ornsa niTepaTypu 3
efleMeHTaMn HapaTMBHOIO aHanily 3rigHo 3 pekoMeHaauisMmn PRISMA. Mowyk
3aincHioBanu B 6asax gaHnx PubMed/MEDLINE, Web of Science Core Collection,
Scopus Ta Cochrane Library 3a 1990-2024 pp. B aHani3 3any4anu 4ocniaXXeHHs
HENPOTOKCUYHUX edeKTiB aLueTOHEMIYHOro CMHAPOMY Ta rinepaMoHieMii 3a
y4yacTio giten Bikom 0-18 pokiB. AKicTb AOCNiAXeHb OUiHIOBaNM 3a WKanamu
Newcastle-Ottawa, AMSTAR-2 Ta SYRCLE.

Pe3ynbraTtn. BusiBneHo kno4osi MophodyHKLiOHaNbHI NOPYLIEHHS HENpO-
rnianbHO-BaCcKynsipHOro iHTepdency: UMTOTOKCUYHUI Habpsak acTpouuTiB
YHacnigoK HaKOMWYEeHHS rAayTaMiHy Npu AeTOKCUKaUii aMOHito; NOpyLUeHHSs
rematoeHuedaniyHoro 6ap’epa 3i 3HMXEHHAM ekcnpecii 6inKiB WiNbHUX
3’eagHaHb (knayauH-5, oknanH, Z0O-1); ANCPYHKLIS eHepreTuyHoro
MeTaboniaMy yepes NpUrHiYeHHs rnikonisy Ta MiToxoHApianbHy ANChYHKLUIO;
€KCaNTOTOKCUYHICTb YHACNIAOK NOPYLUEHHS rnyTamMaT-rnyTaMiHOBOro UNKy;
aKkTuBauis Mikpornii 3 nigBuweHHsM ekcnpecii CD68, Ibal, MHC II Ta cekpeui€to
npo3anasbHUX LNTOKIHIB.

BucHoBkn. MopdodyHKLUIOHaNbHI 3MiHW HEWpO-rniaibHO-BACKYNSPHOIo
iHTepdency npu aueToOHEMiYHOMY CUHAPOMI Ta rinepaMoHiemii B
AiTEeN XapakKTepu3ylTbCs KOMMNIEKCHUMWU MOPYLWEHHAMU CTPYKTYpU N
dyHKUii remaToeHuedaniyHoro 6ap’epa, eHepreTuyHoro metaboniamy,
HenpoTpaHCcMiTepHOro 6anaHcy Ta Hekpo3ananbHuMW npouecamu. Cnig
3aCTOCOBYBATW MEepCOHani3oBaHWi niaxig A0 AiarHOCTUKU Ta JliKyBaHHSA 3
BMKOPUCTaHHAM 6ioMapKepiB MOWKOAXEHHS reMatoeHuedaniyHoro 6ap’epa
Ta Helpo3ananeHHs.

KnrouoBi cnoBa: Helpo-riiasibHO-BacKy/IsipHui iHTepgenic; ayeToHeMidHni
CUHAPOM; rinepaMoHieMiss; rematoeHuyeganiyHmi 6ap’ep; acTpouynTu;
EKCaNTOTOKCUYHICTb, Helpo3arnaaeHHs; AiTv



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025 11

OornspgoBa cTtatTH

Ukrainian Neurosurgical Journal. 2025;31(4):11-19

doi: 10.25305/unj.333217
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[ereHepauia Mixxpebuesoro amcka (AMX[) - ogHa 3 MpoOBIAHUX MPUYMH
XPOHiYHOro 60Mt0 B nonepeky Ta BTpaTu npaue3gaTtHocTi. OCHOBHOO
naToreHeTU4YHow NnaHkow AMX/ € XpoHi4yHe 3anaseHHs, ke Npu3BoanUTb A0
KkaTtaboniaMy No3akNiTMHHOro MaTpUKCy W 3arnbeni KNiTUH AUCKa. YCTaHOBEHO,
L0 B OCHOBI LIMX 3MiH TEXUTb aKTUBAaLis Npo3anasibHUX CUTHAJIbHUX Kackagis,
3o0kpeMa NF-kB, MAPK, JAK/STAT, Ta iHAYKUis Kacnas-3aJeXHoro anonTtosy.

MeTa: Y3aranbHUTU CyYacHi YSIBIEHHS MPO MONEKYSPpHI CUFHamNbHI WXy,
3afy4yeHi B AereHepaTuBHI npouecn B MixxpebueBoMy AWCKY, @ TaKoX nNpo
MexaHi3Mn aii kKoMmnoHeHTiB 36arayeHoi TpomboumnTamum nnasmmu (3TM), sKi
3/aTHi MOAyOBaTK Ui npoLecu.

MaTepianu i MeToaun. lNpoBeaeHO aHani3 Cy4yacHUX eKCrepuMeHTanbHUX
i KNIHIYHUX JocnigXeHb WoA0 BMNANBY OCHOBHMX (PakToOpiB POCTY, HASABHUX
y 3TN (TGF-B, PDGF, IGF-1, FGF, CTGF, EGF, HGF), Ha curHanbHi wnaxu B
KNiTUHaX MixxxpebLeBoro aAncka, acouioBaHux i3 kataboniasmoM, anonTosom
i 3ananeHHamM.

Pe3ynbratK. YcTaHoBNeHO, wo dakTtopu 3Tl AitoTb yepe3 akTuBaUito
Smad, PI3K/AKT, MAPK Ta JAK/STAT wnaxiB, 3MeHLWYy4YN akTUBHICTb NF-kB,
3HUXKYIOUM piBEHb Npo3ananbHuX unTokiHie (IL-13, TNF-a) i meTanonpoTeiHa3s
(MMP, ADAMTS), WO CynpOBOAXYETbCA MiACUMEHHSIM eKCrpecii KonareHy
IT Tuny, arpekaHy, ctabinisaui€eto NO3akNiTUHHONO MaTPUKCY, BiAHOBNEHHSM
romMeocTasy TKaHWHW Aucka Ta nponidepauielo KAITUH.

BucHoBkM. 3TI-Tepanis AeMOHCTPYE 3HAaYHMN NOTEHUiaN SK NaTOreHEeTUYHO
opieHTOBaHa pereHepaTuBHa cTpaTeris nikyeaHHs AMX/. i ebekTusHicTb
3yMOBJIEHA MY/IbTUMOAA/IbHMM BMNJIMBOM Ha 3anasibHi, kataboniyHi  anonTuyHi
wnaxun. HeobxiAHO NPOBECTU KAIHIYHI AOCNIAXEHHS ANA CTaHAapTu3lauii
niaxoAiB i NiaTBEpAXEeHHS TpMBasoi epeKTUBHOCTI Tepanii.

KnrouoBi cnoBa: MixxpebueBuit AUCK; AereHepalis; 36aradyeHa TpoMmboynTamu
nnasma; gaktopu pocty; NF-kB; curHanibHi Wwasxu, pereHepawyis

BcTyn

AT®) — aKTMBYETbCS NPU MEXAHIYHOMY HaBaHTaXeHHi [1].

OereHepauia mixxpebuesoro amcka (AMXA)
€ OCHOBHOI TMPUYUHOI XpPOHiYHOro 6ont B
nonepeky Ta OAHIEID 3 HaWNOWMWMPEHIWNX NPUYUYUNH
BTpaTu npauesgatHocTi (noHag 600 mMnH oci6), wo
NpM3BOANTbL A0 BEANKUX COLiabHUX Ta €KOHOMIYHMX
BUTpaT. ANCKOreHHM 6inb BMHUKAE BHACNifoK
3ananeHHsa Mixxpebuesoro aucka (MX[), wo akTuByE
HOUMLUENTMBHI peuenTopu N 3anyckae nepepavy
601bOBOro CMrHany Ao LeHTpasbHOI HEPBOBOI CUCTEMMU.
3ananeHHsa MX/[ cynpoOBOAXYETbCS HAKOMUYEHHSM
npo3ananbHux umnTokiHiB TNF-a (tumor necrosis
factor-a), IL-1B (interleukin 1B), IL-6 (interleukin-6),
npoctarnaHavHis (PGE2, PGI2), 6paaunkiHiHy, MaTpU4HNX
mMeTanonpoTeiHa3 (MMPs). OCHOBHMMU HOoUuMLENTOpamMm
npuv AWCKOTreHHOMY 60510 € peuenTopu BaHinoigis
(TRPV1) — aKTMBYETbCS 3anasieHHsIM, TEMJIOM, KUCINUM
pH; ASIC3 (KMCNoTOYyTNMBUIA iIOHHWI KaHan) — pearye
Ha 3HMXeHHa pH npwu gereHepadii; P2X3 (peuenTop

Copyright © 2025 M.B. XuxHsk, I.[. Bacunbesa, 10.I. Madinuyk

MponoHroeBaHa Aisg 60/bOBMX MeAiaTOpiB NMPU3BOAUTL
A0 CeHCcMTM3auii HoOUMLEeNTOopiB, 3HMXEHHSA Nopory
akTuBauii, y pe3ynbraTi 6inb BUHUKAE NPU MiHIManbHOMY
noapasHeHHi. MNepepaBaHHs 601bOBOro CUrHany Ao
Tanamycy BiabyBaeTbCsa Yepes cNMHOTaNnaMivyHui TpakT,
y pe3ynbtaTi GOpPMYETbCA CeHcopHe (nokanisauig,
IHTEHCMBHICTb) Ta eMoUiiHe cnpurHATTSA 6onto (Yepes
niMBiyHYy cucTteMmy - ycBigoMneHHs 6010, eMouinHuUi
cTtpec). Akwo 6inb CTae XPOHIYHUM, TO CAUHHUNK i
roJIOBHMIM MO30K aAanTyTbCs A0 NOCTINHOI CTUMYnSALil,
WO XapaKTepU3YyeETbCHA NiABULWEHO €KCMpecieto
NMDA-peuenTtopiB (niacuneHHs 60nbOBUX CUrHaniB),
3HMXEHHSAM aKTUBHOCTI rasibMiBHUX HEMPOHiB (gamma-
aminobutyric acid (GABA), rniumH) [2]. TakMM 4YMHOM,
AVWCKOTreHHUNn 6inb € ckNnagHWUM MEexaHi3MOM, LWo
oxonae nepudepuyHi, Nyckosi npouecu (3ananeHHs
Ta aKTMBaUil0 HOUMLENTOPIB) i LeHTpanbHi npouecu
nepeaadvi 601b0BOro CUrHany.

Po6oTa onybnikoBaHa nig niueHsieto Creative Commons Attribution 4.0 International License
E https://creativecommons.org/licenses/by/4.0/
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MepBUHHO nNpo3ananbHi UUTOKIHW MOXYTb
HaAXO0AUTU 3 MicueBUX KNITUH AUCKa. Tak, KAITUHKN
nynenosHoro aapa (MA), di6posHoro Kinbus (OK),
CeHeCUEHTHI KNiTuHM BUpO6NAOTb npo3ananbHi
LUUTOKIHM y BiANOBiAb Ha MexaHiYHUN abo OKUCHWUI
CTpec Ta iHWi 30BHiIWHI CTpecoBi YMHHUKKN [3].
Mpo3ananbHi UMTOKIHN NOLWMPIOITLCS B TKAHWHI AUCKA
B pe3ynbTaTi eKk30uMTo3y, Yepe3 MeMbpaHHi Be3UKynu
n andysito. MixxpebueBuit ANCK 3as3Buyan 6igHUI Ha
iHHepBauilo Ta BacKynapusauito, ane npu agereHepauii
Avcka BigbyBa€ETbCs HeoBacKynspusauis Ta iHBasida
HOLUMLUENTUBHUX HEPBOBUX 3aKiHYeHb Yy pibpo3He Kinbue
M KiHueBi nnacTuHkn xpebuis [4]. Y 340pOBOMY AUCKY
iIMYHHI KNITUHW BiACYTHI, ane npu HeosacKynsapusauii
TKa@HWHW AMCKa iHDINbTPYOTLCA IMYHHUMW KNITUHaAMMU.
IHdinbTpOoBaHi Makpodarm Ml-deHoTuny akTUBYIOTb
peuentopu TNF-a, IL-1B, IL-6. TNF-a aktuBye NF-kB
(Nuclear Factor kappa-light-chain-enhancer of activated
B cells), Wo cnpuymHSAE eKCnpecito reHis nposananabHnUX
UMTOKIHIB. TaKMM 4YMHOM, 3ananbHUi npouec y MX[J
3aTHMN camoniACUNOBATUCSA Ta MPOAOBXYyBaTUCS
HaBiTb 3@ BIACYTHOCTI MEPBUHHOI NPUYMHU. AKTMBALIA
NF-kB cynpoBoAXyeTbCsi MporpecyBaHHAM KaTaboniyHnx
NpOLECIiB i3 MiABULLEHHAM CMHTE3Y MeTanonpoTeiHas 1
arpekaHas (ADAMTS), siki pyWHYOTb OCHOBHi KOMMOHEHTU
MaTpUKCY arpekaH i konareH II. Y pe3yneTaTi akTuBauii
kKaTaboniyHnx wnaxis y knitmHax MX[A curHanbHi
Wnsaxun, BignosiaanbHi 3a aHaboniam knituH (TGF-B
i PI3K(phosphoinositide 3-kinase)/Akt (RAC-alpha
serine/threonine-protein kinase)), BTpa4atoTb 34aTHICTb
nNiATPUMYBaTK CUHTE3 KONlareHy Ta npoTteornikaHie [3].

Onsa Tepanii guckoreHHoro 6ont BunpobyeBaHo
WMNPOKNUWN CNeKTp KOHCepBaTMBHWUX MEeTOAIB,
CNPSAMOBAHMX Ha MOro 3MeHLeHHS. HYHi sk anbTepHaTuBy
CMMATOMATUYHUM npoueaypaMm AOCAIAXYHOTb HOBI
TepaneBTUYHi BapiaHTW, OpPiEHTOBaHi Ha iHribyBaHHSA
CUMHaNbHUX WAXiB, 3a7y4YEeHUX A0 AereHepaTUBHUX
npoueciB W akTuBauito aHaboniyHUX NpoueciB.
TepaneBTUYHi cTpaTerii, cnpsaMOBaHi Ha MOAY/IOBaHHA
UMX WNSAXiB, NOTEHUIMHO MOXYTb YNOBiNbHUTU abo
3YNUHUTK AereHepaTuBHWUI npouec. [epcnekTUBHO
AN pereHepaTUBHOIO JliKyBaHHS BBaXKatoTb aBTOJIOMYHY
3barayeHy TpomMbouunTamu nnasmy (3TM).

BBaxkaeTbcs, Wo hakTopu poCTy, AKi BUAINATHCA
TpoMbouuTamu, BiAirpaloTb BaX/IMBY POJib Y 3HUXKEHHI
3arnafieHHsa, a TakKoX 3[aTHi iHAYKYBaTU KNAITUHHY
nponidepauito Ta pemMmoaentoBaHHa MaTpukcy. Hanbinb
peneBaHTHMMK dakTopaMum pocTy B cknaagi 3TN
€ TpaHcdopMmyBanbHuUn dakTop pocty-B (TGF-B),
TpombouuTtapHuih daktop pocty (PDGF), dakTop
pocTy ¢ibpobnacTtie (FGF), iHcyniHonoaibHui dakTop
pocTty-1 (IGF-1), dakTOp pOCTY CNOAYYHOI TKAHUHU
(CTGF), eniaepmanbHuii dakTop pocty (EGF) i pakTop
pocTy renatounTtiB (HGF). Biaomo, wo kniTuHn MXA
eKkcrnpecytoTb peuentopu ans dakTopis pocTy EGF, IGF,
HGF, CTGF, PDGF, FGF ta TGF. Ui peuenTopu BigirpatoTb
K/IIOYOBY pOJb Y NiATPUMLI rOMeocTasy AUCKa, perynsauii
KNiTUHHOI Nponidepauii, andepeHuiauii Ta Bianosiai Ha
nowkoAXeHHs. Ekcnpecia Ta akTueauia umMx peuenTtopis
€ KPUTUYHUMWU ANS NIATPUMKU CTPYKTYpu N dDYyHKUIT
MX[, a TakoX A/ IOro 34aTHOCTI A0 BiAHOBJIEHHS Nicns
nowkoaxeHb [5, 6].
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PaHaoMi30BaHi KOHTPO/IbOBaHI AOCIAXEHHS BNAMBY
3TN Ha kniTMHKM MX[ npu BBeaeHHi 6e3nocepeaHbo B
nNynbno3He 94p0 BUSBUIN 3HMXKEHHSA 60110, NOMIMWEHHSA
npaue3aaTHOCTI, a TaKoX TpuBanui edekT. AKTyanbHUM
3aBAAaHHAM € AOCNIAXEeHHS MexaHi3MiB akTuBauii
kaTaboniamy B kKniTnHax MX/, a TakoX MexaHi3MiB, AKi
npw BUKOPUCTaHHI 3TM MOXyTb 6110KyBaTK AereHepaTUBHI
npouecn B MXA [7].

MeTa: y3arasibHUTU Cy4acHi ysIBJIEHHS Mpo MoJsie-
KYNApHI CUrHanbHi WASAXKW, 3a7yyYeHi B AereHepaTuBHi
npouecu B MixxpebueBoMy ANCKY, @ TakKoX MNpo
MeXaHi3Mun Aii KoMnoHeHTiB 36arayeHoi TpombouunTamm
nnasmu, AKi 34aTHi MOAY/IOBATH Ui npouecu.

CurHanbHi WAAXMU, 3a7y4YeHi A0 AereHepaTuBHUX
npoueciB y Mi>kxxpebLeBoMy AUCKY

CurHanbHumni wnsax NF-kB - akTtuBartop
karabonizmy npum gereHepauii mixkxpebyesoro
ANcCkKa

CurHanbHuin wnax NF-kB y TkaHnHax MX/[ Bigirpae
BaXJIMBY pOJib Yy perynsauii 3ananbHUX npouecis i
Bignosigen Ha ctpecosi BnameBu. AkTuBauis NF-kB
y kniTuHax N4 ta ®K nos’ss3aHa 3 NiACUNIEHHSM
3anafneHHs, Aerpajaui€elo No3akniTUHHOrNO MaTpuKCy,
iHAYKUi€ anonTo3y, nporpecyBaHHam OAMX/[ [8].
OcHoBHUMKM akTusBaTopamum NF-kB € umtokiHu TNF-a,
IL-1B, MexaHiYyHWNIA Ta OKUCHUI CTPEeC, FinoKcisi, MikpObHi
ninononicaxapuau (JINC), BipycHe ypaxeHHsa [9-12].

TpaHcayKuis curHany Big niraHAiB 4o peuenTopis
yepes aganTtepHi 6inkn akTusye komnnekc IKK (IKKa,
IKKB, IKKy) 3 HacTynHot feakTuBaui€to iHribiTtopa IkB,
akun ytpumye NF-kB y uumTonnasmi B HEaKTUBHOMY
CTaHi. Y pesynbraTi pochopunioBaHHsa Ta gerpagadii
IkB NF-kB BUMBIiNbHAETbCA. BUBiNbHEHUI i3 KOMNeKCcy
NF-kB aumep p65/p50 TpaHCNOKyeTbCA A0 A4pa W
perynte TpaHCKpunuito reHis nposananbHux (TNF-a,
IL-1B, IL-6) Ta kaTaboniyHux (MMP-3, MMP-9, MMP-13,
ADAMTS-4, ADAMTS-5) umHHuKiB [9]. AkTuBauia NF-kB
TakKoX MNiABULLYE eKCcnpecito MeaiaTopiB 3ananeHHs
iNOS (iHgyumbenbHa cuHTas3a okcuay asoTy) i COX-2
(uMKnookcureHasa), NpoAyKTU aKTUBHOCTI AKWUX,
3okpema NO Ta npocTarnaHAWHU, MPUTHIYYIOTb
ekcnpecito arpekaHy B 4. NF-kB BnanBae Takox
Ha AeCTPYKTUBHUI npouec y MX/[ uvepe3 akTuBauito
HIF2a (hypoxia-inducible factor). LinboBumMn reHamu
akTuBosaHoro HIF-2a € MMP-13 i ADAMTS-4, axi
perynooTb metaboniam konareny II Tuny n arpekany
(Puc. 1) [13, 14].

LLnaxu akTmBauii npo3ananbHOi BigMNoOBIAI B
KniTnHax MX[J nig Ai€ pi3HUX CTUMYNiB HaBeAeHO
Ha Puc. 1. bakTepianbHi naTtoreHn akTuBytoTb Toll-
noaibHi peuentopu (TLR2/4) abo BHYTPiWHbOKAITUHHI
NOD-peuenTopu, iHiuitolounm kKackag vepes MyDS8S,
IRAK i TRAF6 no IKK, W0 aKTUBYE TpaHCKpUMUINHUNI
dakTop NF-kB. UnTokiHu IL-1B Ta TNF-a cnpuynHaoTb
akTmsauito NF-kB vepes IL-1R (MyD88-3anexHo) i TNFR1
(yepe3s TRADD/RIPK1) wnsaxu. BipyCHi KOMMNOHEHTMU
po3ni3HatTbca TLR3/7/9, aktuBytoum NF-kB Ta
iHTepdepoH-onocepeaKOBaHy BiAMOBIAb.

CT1aTTsi MiCTUTb PUCYHKM, SIKI BiOOpaXkartoTbCsl B APYKOBAHI¥ BepCii y BIATIHKaxX Ciporo, B €/IeKTPOHHIN — y KOJIbOPI.

http://theunj.org
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Puc. 1. OcHOBHI curHanbHi wnaxu aktueauii NF-kB y kniTuHax MixkxpebueBoro ancka nig BnanBoM
npo3ananbHux unTokiHie (TNF-a, IL-1B), 6akTepianbHUx koMnoHeHTiB (JIMC), MexaHiYHOro CTpecy, rinokcii Ta
OKCMAATUBHOIO YWKOAXeHHS (3a aaHnMn KEGG PATHWAY Database ans NF-kB signaling pathway (map04064),
MAPK signaling pathway (map04010), Toll-like receptor signaling pathway (map04620), HIF-1 signaling pathway
(map04066), TNF signaling pathway (map04668) [67]) (NOACHEHHS B TEKCTI)

MexaHiyHe HaBaHTaXXeHHA cnpuiMaeTbcs TRPV4-
KaHanamu Ta iHTerpmHamu, wo akTtueyTb FAK, MAPK
i PI3K/Akt, aki noTeHuitotoTb NF-kB. OKMUCHUIA cTpec
— Le HaaMipHe HaKOMNYeHHS peakTUBHUX BUAIB KMCHIO
(PBK), wo akTuBye curHanbHui wnax MAPKp38/INK/
ERK, B pe3ynbraTi aKTUBYETbCA (DaKTOp TpaHCcKpunuii
AP-1 i, Ak Hacnigok, niacnneTbcsa ekcnpecisa IL-6,
IL-8, COX-2, iINOS, MMPs. PeakTuBHi BUAN KWUCHIO
cnpuunHaTb pocdopunioaHHa IKK, aerpapauito
IkBa, wo npussoamTb A0 TpaHcnokauii NF-kB B aapo
Ta CTMMynsAUii npo3ananbHuX redis. 3a ydacti NLRP3
PBK akTuByloTb Kacnasy-1, gospisaHHa IL-1B Ta IL-18,
WO NiACUITIOE CTEPUNIbHE 3ananeHHs. NNoKCis, 3HUXeHa
OOCTYMHICTb KUCHIO B TKaHuHax MX[, aktuBye HIF
(Hypoxia-inducible factors), a HIF-1a ctabinizye NF-kB,
WO MiACKMIIIOE TPAHCKPUNLIO Npo3ananbHUX reHis.

Yci wnaxu KoHBepryTb Ha piBHi IKK-komnnekcy
Ta NF-kB, ctumyntotoumn ekcnpecito renis IL-1B, IL-6,

TNF-a, MMPs, ADAMTSs, W0 Npu3BOoAUTb A0 XPOHIYHOIO
3ananeHHs, Agerpajauii MaTpukCcy Ta nNporpecyBaHHSs
AereHepaTUBHMX 3MiH Y AUCKY.

IL-1B - 0AVH i3 K/TI0YOBMX Mpo3anaibHUX LMTOKIHIB.
Bigirpae Baxnusy ponb y aereHepauii MX[J. BiH
3B'A3yeTbCA 3 peuentopoM IL-1R1 Ha noBepxHi KAITUH
OK Ta MA. Lelih koMnnekc akTUBYE afjanTepHui 6inok
MyD88, w0 3anycKae HU3XiagHi curHanbHi kKackaau (aAnBs.
Puc.1). Mopanblwnii BNANB peanizyeTbCsa vyepes Kinbka
MexaHi3MiB i B3aemogairt (NF-kB, MAPK, JAK/STAT), axi
CNPUYNHAIOTL 3anafeHHs, pyNHyBaHHA MaTPUKCY Ta
KNITUHHY AncdyHkuito [12].

TNF-a - 3ananbHui UMTOKiH. AKTMBYE NF-KB wnsax
yepe3 TNF-peuenTopu. dani curHan 3a ydacti TRADD
nepefaeTbcs Ha cMrHanbHU komnaekc TNFR i TRAFs [15].

JIMNC - KOMMOHEHTW 30BHiIWHbLOI MeMbpaHu
rpamMHeraTuBHux 6akTtepini. NMOTYXHi iHAYKTOpM
3ananbHoi Bianosiai B MX/[. AKTMBYIOTb CUIHaNbHWUN
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wnax NF-kB wnsaxoM B3aemogii 3 TLR, 3okpema 3 TLR4,
yepes agantepHui 6inok MyD88, akuii € cnifibHUM Ans
TLR Ta IL-1R [16].

BipycHy iH¢bekUito BN3HaHO (pakTOpoM akTuBauii
NF-kB. MNMepepaya curHany npu Aii Bipycis nponsrac B
aKTuBauii iMyHHOI BiANOBIAI Ta 3anasbHUX MPOLECIB.
Bipycu cTumMynoTb curHanbHui wnsax NF-kB yepes pisHi
peuenTopy Ta MOEKYaN, NOB'A3aHi 3 po3ni3HaBaHHAM
natoreHis (TLRs, RIG-I, MDAS). KniTuHHi peuentopu
pearytoTb Ha BipycHi niraHau (dsRNA, ssRNA, BipycHy
OHK, 6inkn kancuay Ta noBepxHeBi FNiKONpPOTEiHW).
Big akTuBOBaHMX peLenTopiB CUrHan nepepaceTbCcs Ha
apanTtepHi monekynn MyD88, TRIF i MAVS, a curHan Big
HUX peanisyeTbcs Yyepes akTueauito NF-kB Ta nigcuneHHs
TpaHcKpunuii npo3ananbHUX reHis. Aktusauisa NF-kB
y BiAMOBiAb Ha Ail0 Bipycy MOXe nigoTpuMmyBaTu
XPOHIYHMIM 3ananbHU cTaH y MX/, Wwo npu KpUTUYHOMY
HaKOMUWYEeHHi 3MiH MOXe CMPUYMHUTK anonTo3 KAiTUH
avcka [17-19].

OKHNCHMI cTpec. Y aereHepaTuMBHUX npouecax
y MX/[ BaxnuBy posib BiAirpatoTb OKWCHWI CTpec i
WASXN, onocepeaKoBaHi peakuiiHO-aKTUBHUMM BUAAMU
kucHio (PBK) [20]. Y knitTnHax MX/[ ocHOBHe Axepeno
PBK - miToxoHapii. MiagBnweHnii piseHb PBK cnpunumnHsae
MiTOXOHAPpIanbHy ANCOHYHKUIO Ta nowkoaxeHHs AOHK,
o nMpm3BoAMTb A0 anonTto3y kKAiTuH M4 Ta ®K. PBK
aKTUBYIOTb 3amnaneHHs, Aerpajauito eKCTpakaiTUHHOro
maTtpukcy (EKM) i anonTo3 4yepes3 CUrHanbHUM WNAX
MAPK (ocobnuso p38 i INK) Ta NF-kB [21-23].

Finokcis — 3HMXeHa AOCTYNHICTb KUCHIO B TKAHWHAX
MXA (ocobnueo B MA) ctumyntoe ekcnpecito HIF-1a
Ta HIF-2a.TpaHckpunuinHa akTmBHicTb HIF-1a/2a
npM3BOAUTbL A0 Npo3anajbHOi akTuBaUii WAAXOM
iHaykuii dpepmeHTiB COX-2, iINOS, a TakoX LWUTOKiHY
IL-1B. Kpim Toro, HIF-1a ctabinizye NF-kB, wo nigcnntoe
TPaHCKPUNLUito Npo3anasbHUX reHiB i reHiB, NoB’A3aHnX i3
kaTtaboniamoMm. B ymoBax XpoHi4Hoi abo AeperynboBaHoi
rinokcii aktueauisa HIF cnpuuynHae guchyHKUiO KITUH
MX[ Ta 3ananeHHs, Wo nepcucTye. Lle npussoanTb 40
nporpecyBaHHs AereHepaTUBHUX 3MiH [24].

MexaHiYyHe HaBaHTa)>XeHHSsI — aKTHUBatop
3ananbHoro npoyecy yepe3s NF-kB. Bigomo, wo
KNiTnHn MX[ nepeTBOpPlOTb MeXaHiYHUA CcTpec
Ha 6i0NOriyHi CurHanw, iHTerpoBaHi B KNITUHHI
BiAMNOBIAI, WIAXOM pEeryftoBaHHA TPaHCKPUMUIT FeHiB.
AHOManbHe MexaHiYHe HaBaHTaXeHHsA 36inbwye
kataboniam NP-kniTUH yepe3 curHanbHmin wnsax NF-kB.
Y uboMy rnpoueci npoBiAHY ponb Biairpae Piezol
— MEeXaHOYYyTNMBUN TpaHCMeMbpaHHWIA KaTiOHHWUN
KaHan (nMpoAyKT TpaHckpunuii reHa FAM38A), sakui
3abe3neyye HeBMbGiIpKOBEe NMpoxoaXeHHsa MoHiB Ca?t,
Mg?* i Mn?*, akTuBauito curHanbHoro wnaxy NF-kB,
niasuweHHs ekcnpecii IL-1B y knitnHax ®K, dopMyBaHHSA
3anasibHOro MikpooTo4YeHHs TKaHUHN OK Ta MPpUCKOpPEHHS

AMXJ [25].

BigmiHHOCTi B NF-kB-curHasiHry mMi>x xoHgpo-
ynTamMm nysabrno3HOro sigpa ta ¢iépo6raacramm
¢@i6épo3Horo kinbys. OcobnusicTio akTmBauii NF-kB-
CUrHaniHry B knitnHax M4 € 6inbwa 4yTaumsicTb A0
OKMCHOro CTpecy Ta 3anaibHuX curHanis. NF-kB y
KniTnHax M5 akTUBYETbCA 3anasibHUMU LUTOKIHaMmn
IL-1B, TNF-a, rinokci€eto, OKUCHMUM Ta OCMOTUYHUM
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cTpecoM, AerigpaTtauieto. B pesynbtaTi akTusizauii
BinbyBaeTbCca niacuneHHs ekcnpecii MMP i ADAMTS,
WO CMNpUYMHSE Aerpajauito arpekaHy 1n konareny II
TMNy. AKTuBI3aLuisa 3ananbHUX MNPOLECiB NiACUIIOE
eKcrnpecito npo3sananbHnX UMToKiHIB IL-6, IL-8, a Takox
COX-2, Wo CTUMYJIIOE NPOAYKLit0 NpocTarnaHauHie. Mpu
TpuBasioMmy 3ananeHHi NF-kB Moxe akTuByBaTu anonTos
NP-kniTuH [26, 27].

OcHOBHUM cTuMynoMm NF-kB-curHaniHry y
dibpobnactax ®K € MexaHi4YHUI cTpec (PO3TArHEHHS,
3CYBHi HaBaHTaxeHHs). Y pe3ynbTaTi akTmBauii NF-kB
nMiABULLYETLCA NpoAYKLUisA KonareHy I Tuny — ocCHoBHOro
CTPYKTYpHOro enemeHTy OK. ®i6pobnactn OK Takox
yyTnuei Ao Aii 3ananbHux uymtokiHie IL-1B, TNF-a.
Y knitnHax OK perpagauis EKM € MeHWw BupasHolo
nopiBHsAHO 3 NP-kniTuHamun. Knitnun OK 6inbwoto
Mipoto afanTylTbCA A0 MEXAHIYHOIO CTPEeCy 3a paxyHoK
pemogentoBaHHa EKM (cuHTe3 konareny I). Y kniTuHax
OK NF-kB BMKOHYE 3axncHy dyHKLUItO Wnaxom dibposy,
ane npu XpOHIYHIN akTuBauii MOXe CAPUUYNHUTHK
¢dibpo3Huin cknepos [26].

CurHanbHunii wiaax MAPK - akTuBartop
AereHepaTtuBHUX npoyecis y MixkxxpebyeBomy
ANCKY

Baxnuey ponb y OAMX[J Bigirpa€e curHanbHun
wnax MAPK. Y MAPK-curHaniHry BuainsaoTb Nigwnsaxu
ERK (extracellular signal-regulated kinase), JNK (Jun
N-terminal Kinase) i p38. OcHOBHY ponb B akTuBauii
3ananbHUX peakuin Ta cMHTe3i MeTanonpoTeiHas
BigirpatoTb nigwnaxu MAPK/p38 i MAPK/INK [28].
AKTMBaUia 3anasieHHa 3a y4dacTi CUMHaNbHOro LWAaxy
MAPK BinbyBaeTbcsa uvepe3 peuentopu TNFR, IL-1R,
TLRs, iHTerpuHu Ta peuenTtopu A0 BipyciB [29-33].
EKCTpakniTUHHI curHanu nepefarTbcsa Mo niawnaxax
MAPK % akTuBYIOTb TpaHCKpunuiHuin ¢daktop MAPK
AP-1 (c-Fos/c-Jun), SKuin aKkTMBYE TPAHCKPUMLIO reHis
MMP-3, MMP-13, ADAMTS-4 i ADAMTS-5, BignosiganbHMx
3a kataboniam EKM. 3ananbHa BiANOBiAb TaKOX
nNiACUIIOETBCA Yepe3 akTuBauito TpaHckpunuii IL-183,
TNF-a [34, 35]. CurHaniHnr MAPK (3okpema MAPK/p38)
niACWIOE Npo3anasnbHi MPoLEeCcK 1 anonTo3 3a paxyHoK
MOAYNOBaNbHOIro BNANBY Ha kaTaboniyHuii wnax NF-kB
(avB. Puc. 1) [36, 37].

®daktopu 3TN - akTuBatopm aHaboniamy
Ta 6nokatopu kataboniyuHux npouyeciB y
MDKXpe6bueBOMYy ANCKY

daKkTopu pOCTY, WO BXOAATb A0 cknagy 3TI, gitoTb
CUHEpPriyHo, 3a1y4atoyn MHOXUHHI CUTHANbHI WASXW, WO
perynioloTb 3ananeHHs, KNiTUHHY 3arnbens i MeTaboniam
MO3aKNiTUHHOIO MaTpUKCy. BOHM CNpUSOTb 3MEHLLEHHIO
npoaykuii nposananbHUX LUTOKIHIB, MPUIrHiYYyOTb
AKTUBHICTb MeTanonpoTeiHas, 3HWXYITb iIHTEHCUBHICTb
anonTo3y KAiTUH M4, akTUBYKTb CUHTE3 OCHOBHUX
KOMMNOHeHTIB maTtpukcy (konareH II Tuny, arpekaH).
Takuin 6aratodakTOpHUI BMAMB AAE 3MOry He nuLle
CMOBINbHUTW NPOrpecyBaHHs AereHepaTUBHUX 3MiH, a 1
aKTUBI3yBaTW €HAOMEHHI NpoLecu BiAHOBNEHHS ANCKOBOI
TKaHWHW. Y CYKYMHOCTI ue pobuTb 3TN NnepcnekTUBHO
6i0aKTMBHOK TepamneBTUYHOK CTpaTeriel, ocobnmeo
edeKTMBHOI Ha paHHix cTagiax AMX[, konu 36epexeHi
eneMeHTN KNiTUMHHOro Ta MaTPUKCHOro romeocTasy
MOXYTb 6yTW MOAyNbOBaHi AN 3BOPOTHOINO PO3BUTKY
naTtonoriyHoro npouecy (Puc. 2).
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Jlirangu Penentopn Bzaemoaia 13 CHTHATPHHMH IULAXaMH Brume Ha MeTabomiaM
Smad2/3, Smad4 - KOHTpoIE KaTabomizMy
MAPK p38, INK nponidepanis CHHIE3 MaTpHKCY,
TGFp MOXJIHEE 3aNaTeHHA KoHTpoms pelrenepanil‘
PI3K/AKT/mTOR — BEXHBaHHA KJIiTHH, Ta Aerpajaiii JHCKa
AHTHKATaOOMIUHHH edeKT
MAPK/ERK - nponidepania xknitae I, curTes
MaTPHKCY
EGF * PI3K/AKT - 6noxyeamna NF-kB, npHraidesss 'l'Iim’pmnca
EGFR SanaTeHH] KIITHHHOT'O POCTY
JAK/STAT — KOHTpOIIB pereHepartii
PI3K/AKT/mTOR - 6noxysamna NF-kB, iHriOyeansa
3aNaNeH T B
IGF IIpotuzanaisHa ai4,
I MAPK/ERK - cuHTe3 Konarey Il Tamy, arpexany 30epe:keHHA MaTPHKCY
I JAK/STAT — KOHIOTH pereHepanii
PI3K/AKT - GmoxypasHa anomro3y KimiTaH I
AHnTHanonTH4Ha,
HGF » C-MET MAPK/ERK - CTHMy/AIiA XOHAPOreHesy pereHepaTHEHA JiA
STAT3 — npHrHiveHHd 3anmaneHHd (TaTpMyBaHHA NF-
kB)
MAPK/ERK — cTHMyJIAIIA XOHAPOreHe3y Mrores
PI3K/AKT- 6710KVBaHEA amomTosv kit IL7 PereHepauii, pH3HK
STAT3 — npHrHiveHHd 3anmaleHsd (TaupMyBaHHA NF- bidposy
kB)
MAPK/ERK — cTHMyIAIiZ XOHApOTreHe3y
. KonTpons perenepanii
FGF PI3K/AKT — BHXHBaHHA KIiTHH Ta Aerpajanii gHCKa
PLCy — cTEMy A KJIITHHHOTO POCTY
53 | PI3K/AKT — miarpmvka kiitae I KoHTpO:Ib KITHHHOL
avfP3, .
CTGF » a5B1 MAPK p38, INK, ERK — noxmuBe ciprssEa Gibposy dprest,
PeMOJETIOBaHHA
FA;K./ Src TGFpR —migrpavka Smad-cHrHATiETY MaTPHKCY

Puc. 2. OCHOBHI CUrHanbHI WASXM, akTUBOBaHi hakTopamum 36arayeHoi Tpombountamm nnasmum (3TMNF): TGF-B/
Smad, MAPK/ERK, PI3K/AKT/mTOR, JAK/STAT, Wnt/B-catenin, HIF-1 (3a aaHummn KEGG PATHWAY Database [67])

Ha Puc. 2 noka3aHO MONEKYNSApHY B3aEMOAI0 MiX
nirangamu 3TN (TGF-B, EGF, IGF-1, HGF, PDGF, FGF,
CTGF) i BignosiaHnmu peuentopamun (TGFBR, EGFR,
IGF1R, c-MET, PDGFR, FGFR, aVB3 ), wo npu3BoanTb
A0 aKTuBauii BHYTPIWHbBOKAITUHHUX CUTHaNbHUX
kackaaiB Smad, MAPK/ERK, PI3K/AKT/mTOR, JAK/
STAT, PLCy Towo. AKTuBaUiA 3a3HAYEHUX LWNASAXIB
CYNpPOBOAXYETbCA MPUTrHIYEHHAM MNpo3ananbHOro
dakTopa NF-kB, 6110KyBaHHSIM anonTo3y, CTUMYSUIELD
XOoHApoOreHesy, nponidgepauii KNiTUH | CUHTE3Y
KOMMOHEHTIB Mo3ak/iTUHHOro maTtpukcy (konareH II
Tuny, arpekan). Li edpekTn ceBigyaTb Npo KOMMNIEKCHUM
romeocTaTuyHun Bname 3TN Ha TKaHWHY AWCKa Ta
06r'pyHTOBYIOTb ii BUKOPUCTAHHSA SIK MaTOreHeTUYHOo
OpiEHTOBAHOI pereHepaTuBHOI Tepanii npu AMXA.

TGF-B — knro4oBui ¢pakTop pocTy B ckaagi 3T

1. TGF-B € BaXNMBUM perynatopoM, sskuii 610Kye
3ananbHi npouecun Ta MiIATPUMYE CTpykTypy MX[A,
npoTUAilYMN AereHepaTuUBHUM 3MiHaM. KoHueHTpauis
TGF-B y 3TIN Bapitoe 3anexHo Big MeToAy MiArOTOBKMU
3TN Ta iHAMBIAYaNbHUX XapaKTepuUCTUK AOoHopa. Y
cepefiHboMy piBeHb TGF-B Moxe ctaHoBuTK 10-50 Hr/
M B aKTMBOBaHMX dpakuisx, ane B AesSKMX 3paskax
KOHLIeHTpaLuii MOXYyTb 3Ha4HO Biapi3HaTucs [38,39].

OcHoBHi epekTn TGF-f 3aiNCHIOE Yepe3 CUrHaNbHUI
wnax Smad. B3aemoaia TGF-B i3 peuentopom TGFBR
akTuBye docdhopuntoBaHHa Smad2 i Smad3, aki
dopMyTb kKoMnnekc i3 Smad2/3/4. Komnnekc
Smad2/3/4 iHribye TpaHckpunuiHy akTuBHICTb NF-kB
onocepeakoBaHo — Yyepe3s iHAYKUit0 IKB abo moaynsauito
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cninbHMX kodgakTopie (p300/CBP), wo, npurHiyywumn
MOro 34aTHICTb aKTUBYBaTW FeHW npo3analbHUX
unTokiHiB IL-1B, IL-6, TNF-a, 3MeHWYy€Ee 3ananeHHs
Ta pereHepauiriHi npouecu B MX/[. Komnnekc Takox
TPaAHCMOPTYETLCSA B AAPO KNITUHU, A& aKTUBYE eKCMNpPEeCito
reHiB, WO MAPUrHiYYTb 3anajeHHs Ta MiATPUMYIOTb
CTPYKTYPY MO3aKkiTUHHOrO MaTtpukcy aucka [40].

2. TGF-B akTtuBye wnax PI3K/AKT. PI3K/AKT
He 3aneXxuTb BiA Smad, ane 4acTo aKTUBYETbCH
napanenbHo 4yepe3 TGFBR1 Tta ShcA/p85 [41]. Nicns
akTuBauii peuentopa TGF-B 6inkn-agantepu ShcA
abo p85 akTtueywTb PI3K i moganbwmii HU3XiAHUN
npouec, K1t NpM3BoAMTb A0 akTuBauii AKT. MoaanbLi
edekTn akTuBauii AKT y KoHTeKcTi aereHepauii MX/:
BMXMBAHHS Ta aHTManonTto3 yepes iHribyBaHHSA
npoanonToTu4yHmnx daktopis (BAD) 1 akTmBauito
aHTManonToTUYHMX 6inkiB (Bcl-2). BaXxMBMM acnekToM
perynauii metaboniamy € te, wo AKT BnsvBaEe Ha
NOrNNHAHHSA TFNOKO3M Ta MeTaboniam, cnpusawymn
BMPOOHMLUTBY KOMMOHEHTIB MO3aK/AiTUHHOrO MaTtpukcy
(konareHy ¥ arpekaHy) [42].

3. TGF-B akTuBye curHanbHuin wnsx MAPK/ERK
(MiTOoreH-akTMBOBaHi NpOTeiHKIHA3M, AKi MOXYTb
B3aemoaifatv 3 NF-kB, 3MiHIOBaTV MOro TPaHCKPUNUIAHY
aKTUBHICTb, @ OTXe, BN/IMBAaTU Ha aKTUBHICTb 3anasibHOro
npouecy). 3a aeskux ymos wnsax MAPK/ERK moxe
BMKOHYBaTW 3axucHy abo HaBiTb aHTM3ananbHy
pOJib, 3HWXYIOUM eKCrpecito Npo3anasnbHUX reHis (AUB.
Puc. 2) [41].

4. TGF-B uyepe3 curHanbHum wnsax Rho/ROCK
peryne CTPYKTYPHi 3MiHM B LUTOCKENEeTi KJITUH i
cnpusie 36epexeHH0 N03aKAITUHHOr0O MaTpUKCy, Lo
cTabinisye TKaHWHY AMUCKaA, 3MEHLUYE MOr0 MOLWKOAXKEHHS
Ta onocepeaKoBaHO 3HUXYE 3ananbHuUiA npouec [42].

CurHanbHi wnaxu TGF-B, NF-kB , MAPK, PI3K/AKT,
Rho/ROCK B3aEMoAitoTb, YTBOPHOKOUM CKIAaAHY MEPEXY,
wo aae 3mory TGF-B KOHTpoO/tOBaTK 3anasbHi npouecw,
anonTo3 KAITUH i CTPYKTYpHY niagTpumky MXA. Wnax
TGF-B € Baxn1BMM ANa NiaATPMMaHHA romeocTtasy EKM
Ta cnpusHHA aHaboniyHMM npouecam y aucky [43].

PDGF peanizye edekTn yepes akTUBaLIO KilbKOX
CUrHanbHuUx wnaxis. OcHoBHa Aigs PDGF npun AMX[
3yMOBJieHa 10Oro 3B's3yBaHHAM i3 peuentopamu
PDGFR-a Tta PDGFR-B, AKki HanexaTb 4O poAWHMU
peuenToOpHMX TUPO3UHKIHa3. 3B’A3yBaHHSA 3 NiraHAoM
iHAYKY€E AMMepu3alio Ta aBToTpaHCPOChOpUIoBaHHS
TUPO3MHOBUX 3aJIULLKIB Y BHYTPiLUHbOKITUHHOMY JOMEHI
peuenTopa, wo 3abe3neyvye 3anyyYeHHS CUTHANbHUX
6inKiB 1 iHILIOE HU3KY CUIFHaNbHMX KackaaiB. 3okpema
wnsax MAPK/ERK akTuBye MiToreH-onocepenkoBaHy
nponidpepauito kniTnH, wnax PI3K/AKT 3abesneuye
BMXWBAHHSA KNITUH i npoTuaito anonto3y, STAT3
akTMBYeTbCsA 4vepe3 JAK abo Src-3anexHi wnaxu Ta
peryne eKCnpecito reHis, NoB’A3aHUX i3 3ananeHHaM,
aHrioreHe3oM i peMoAentoBaHHAM TKaHWH. Pe3ynbtaTtom
€ cTumynauia nponidepauii knitTnH MXA, niacuneHHs
CUHTE3y KOMMOHEHTIB MO3aKAITUHHOrO MaTpuKCy,
30kpeMa konareHy I/II Tuny i arpekaHy [40].

KoHueHTpauisa PDGF y 3Tl ctaHosuTb Big 10 o
50 Hr/MN 3anexHo BiA iHAMBIAYaNnbHUX XapaKTEPUCTUK
3pa3ka Ta yMOB MPUroTyBaHHS, ane npu HaABUCOKIW
KOoHUeHTpauii TpombouunTiB piBeHb PDGF Moxe csiratu
noHaa 100 Hr/mn [43].

PDGF-curHaniHr 3a gonomorot 3Tl npu MOHITO-
PUHTY ONTUMaNbHUX KOHLEHTPaLUin MOXe aKkTUBI3yBaTH
BiAHOB/OBaNbHI NpoLecu Ta 3anobiratv AeCTPYKTUBHUM
npouecam y TkaHuHi MX[ [44, 45].
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FGF B3aemogie 3i cneundiyHnmm peuentopamm
(FGFR1-FGFR4). Y pe3ynbraTi akTuBauii CUrHanbHOro
WNsSXy CTUMYNOETLCA nponidepaudia kniTuH M Ta
OK. OCHOBHI Wwnsxu, wo aktmBytTbcs FGF, — MAPK/
ERK, PI3K/AKT, JAK/STAT [46]. lonoBHUM (daKTOpOM
TPAHCKPUMUIi, WO KOHTPOJIIOE eKCNnpecito reHis,
cneundiyHnx ana xoHapouuTiB (konareH Ttuny II,
arpekaH), € Sox9 [47]. CTUMYNOYM TKaHWHHI iHFi6iTOpKn
meTanonpoTeiHa3 (TIMP) FGF 3MeHLWYyE iXHI0O aKTUBHICTb i
TakuMM YMHOM iHribye aerpagadito EKM [48]. FGF 3meHwwye
eKcnpecito npo3ananbHUX UMTOKIHIB (Hanpuknag, IL-1B
i TNF-a), sKi BigirpatoTb KNOYOBY ponb y AereHepauii
ancka, iHrieye NF-kB. MpurHiyytoum 3ananbHumn
curHaninr, FGF cnpusae aHrioreHesy, Wo noninwye
AOCTYN MOXMBHWUX PEYOBUH Ta pereHepaTUBHUX
dakTopiB. YcTaHoBneHO, wo 3TI, sika MiCTUTb BUCOKY
KOHUeHTpauito FGF, MoXHa BMKOpPUCTOBYBaATU ANs
iH'ekuyin y MXA ansa ctuMynsuii moro BigHOBNeHHs. Lle
3MeHLWWYE 6inb, 3yMOB/IEHWUI AereHepaTUBHUMN 3MiHaMH,
i CNOBINbHIOE NporpecyBaHHA AereHepauii. OgHak
BMKOpUCTaHHa FGF noTpebye TOYHOro A03yBaHHSA Ta
KOHTposto. KoHueHTpauis FGF y 3TI moxe 3MiHOBaTUCSA
3a5exHo Bi4 MeToAiB NMpUroTyBaHHS Ta KOHUeHTpauii
TpombouuTie (Big 20 go 200 nr/mn) [49].

IGF-1, KNto4YoBMA KOMMNOHEHT 3TI, Bidirpae Baxnmey
posib y BiAAHOBJIEHHI Ta pereHepauii TKaHWH, 30KpeMa B
aereHepaTtmBHUX npouecax y MXA. Moro 3B'A3yBaHHSA 3
peuenTtopoM (IGF-1R) akTMBY€E OCTaHHIiN, 3anyckatouu
BHYTPIWHbBOKNITUHHI CUrHanbHi Kackaau, BaxJuBI
ANS pOCTY, BMXMBAHHSA Ta BiAHOBMEHHSA KNiTUH. IGF-1
nepeBaxXHo nepefae curHanm 4yepes wnsax PI3K/AKT.
CurHaniHr PI3K/AKT crnipus€e BUXUBAHHIO KJTITUH LLISIXOM
NPUrHiYeHHS anonTo3y, CMHTEe3y MaTpuui, 30KpeMa
BMPO6NEHHIO nNpoTeornikaHy Ta konareHy tuny II,
3aXUCTY BiL OKUCHOMO CTpecy W KAITUHHOro CTapiHHS.
KoHueHTpauis IGF-1 y 3T MoXxe 3MiHIOBaTMUCS 3an1eXHo
Bi4 MeToAy NpPUroTyBaHHS Ta BUxoAy TpombouuTis (BiA
70 po 250 Hr/mn). Mpu BukopucTaHHi 3TN ang Tepanii
BaXX/IMBO B MNpenapaTti BU3Ha4nTK Kinbkictb IGF-1, wo
3abe3neunTb BiATBOPIOBAHICTb Ta epeKTUBHICTb Tepanii
[50, 51].

CTGF - 6ioakTuBHMI 6iN0K, WO BiAirpae Baxnaumey
pofib Yy BIAHOBMIEHHI Ta pereHepauii TKaHWH, 30KpeMa
npwu gereHepaTMBHUX cTaHax MX/[ [52]. BiH 3B'a3yeTbcs
3 peuenTtopamum TGF-B, niacnntooumn aktnsauito Smad2/3,
a oTxe, iHribyBsaHHsa IKK Ta IkB-a. Y pe3ynbrarTi
NF-kB 3anvwaeTbcs B uMTOnNIasMi M He aKTUBYE
npo3ananbHi reHn TNF-a Ta IL-1B [53]. CTGF Takox
aKTUBYE CuUTrHanbHun wnax MAPK/ERK, wo cnpuse
KNITUHHIM nponidepauii Ta BUXMBaAHHIO, a Takox PI3K
(bocdoiHo3nTMa-3-KiHazy) i Akt, Wo cnpusie BUXXMBaHHIO
KNIiTUH WNSXOM iHri6yBaHHS anonTo3y B KJiTMHaX
Ancka, onocepeakoBaHo Moaynkoe wnsax NF-kB, akTusye
curHanbHmn wnax Wnt (Wingless-related Integration
Site Pathway), sskuii perynioe KniTUHHY nponidepadito,
avdepeHuiauito Ta romeoctas mMaTtpuui B MX/[. Yepes
B32€EMOAII0 3 BAaCKYNSPHUM eHAoTenianbHUM hakTopoMm
pocTty (VEGF) CTGF moayntoe€ aHrioreHes. AKTUBYOUMU
ui wnaxu, CTGF cnpuse peryntoBaHHKO 3anajeHHs,
pereHepauii TKaHWH, NIATPUMYE roMeocTas AMUCKaA,
3anobirae 3arnbeni KNiTUH, WO pobUTb NOro KAKYOBUM
dakTopoM y TepaneBTUYHUX edekTax 3TN [54-56].
KoHueHTpauia CTGF y 3Tl Moxe 3Ha4yHO BiApPi3HATUCSA
3aNexHo BiA MeToAy MNPUroTyYyBaHHS Ta KiNbKOCTI
TpombouunTiB AoHopa (20-300 Hr/mn) [56].

EGF Bifirpae Bax/JunBy po/ib y BiAHOBJIEHHI
Ta pereHepauii TkaHuH, 30okpema npu AMXA. BiH
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3B'A3yeTbCcs 3 EGFR — TpaHcMeMbpaHHUM peuenTopomMm,
LLIO 3YMOBJIKOE NOr0 AMMepU3aLito, aBTOTPAHCNO3MLII0 Ta
iHiLiauito BHYTPIWHBOKAITUHHNX CUMHANbHUX KacKagis.
[JocnipxeHHs nokaszanu, wo EGF akTUBY€E CUrHanbHUM
wnax MAPK/ERK i3 dopmyBaHHAM komnnekcy AP-1,
AKWUWA peryne eKCrnpecito reHis, BiAnoBiganbHUX
3a nposiidpepauito KNiTUH | CUHTE3 KOMMOHEHTIB
No3aKNiTUHHOrO MaTpukcy [57]. AKTUBaLiS CUrHaNbHOIO
wnaxy PI3K/AKT ta JAK/STAT niaTpuMmye npouecu
aHTMaronTo3y, CUHTE3y KoslareHiB i NpoTeorikaHis, Wwo
CrpUSE BIAHOBNEHHIO CTPYKTYpn MX/. He3saxatouu Ha
cynepeunusicTb y KOHTeKCTi MX/[ (4epe3 aBackynsapHy
npupoay), EGF cnpusie aHrioreHesy, o MOXe NoainwnTn
AOCTaBKY MOXMBHUX PeYoBMH A0 AUCKA, MOAYJIIOE
3ananbHi peakuii NpUrHiYeHHAM CUHTE3Y nNpo3anasbHUX
umTokiHiB IL-1B i TNF-a. Y cknaai 3TN EGF cTBOptOE
MiKkpocepeaoBMuLLe, CNPUSATANBE AN BIAHOB/IEHHS ANCKA
Ta 3MEHLUEeHHS AereHepaTuBHUX npoueciB. ®YyHKLIOHYE
B CUHeprii 3 iHWnMKn dpakTopamm pocTy (TGF-B, PDGF Ta
IGF-1), HasBHuMK B 3TI [57].

BmicT EGF y 3Tl 3anexuTb Bif METOAY NPUrOTYBaHHSA
Ta iHAMBIAYaNbHUX XapaKTePUCTUK 3pa3ka. [iana3oH
BMicTy EGF y 3TM 6e3 akTtmBauii ~100-300 nr/mn [59].

HGF 3B’A3yeTbCA 3 peuenTOpOM TUPO3UHKIHA3MN
(MET), 9KWA eKCrnpecyeTbCA Ha KAiTUHaX-MilleHAX
NA Tta OK. AkTusBauia MET-peuenTtopa iHiUilOE
HU3XiAHI CUFHaNbHI WAAXKW, HEOBXiAHI ANSA KNITUHHOrO
BiZIHOB/IEHHS M BMXXMBAHHS. KNOUYOBI CUIHAbHI WASAXM,
wo aktupytTbca: PI3K/AKT - cnpusi€e BMUXMBAHHIO
KNiTUH Ta 3MeHwye anonTto3, RAS/MAPK - cTtumynioe
nponicdepauito KAITUH i NONINWYE BIiAHOBMEHHS TKAHWH.
Lnax STAT perynto€ npoTu3lanasbHi peakuii Ta cnpuse
ekcnpecii reHie, saki 6epyTb yyacTb y pereHepauii
TKaHWH, wnax Wnt niaTpumye andepeHuiayito
KNiTUH i cuHTe3 MaTtpuui [60]. 3axncT TKaHUHKU
ancka 3a ydacTi HGF BigbyBaeTbcsa B pe3ynbrarTi
3HUXEHHS aKTUBHOCTI umTokiHiB TNF-a Tta IL-1B. 3
iHworo 6oky, HGF cnpuse cuHTe3y KoMMoHeHTiB EKM
(konareHy Ta npoTeornikaHie). Y pesynbraTi Moaynauii
KOHTPOJSIbOBAHUM YMHOM aKTUBHOCTI MaTpPUKCHUX
MeTanonpoTeiHa3 Ta MPUrHIYEHHS TXHIX TKaHWHHUX
iHri6iTopiB gocsiraeTbcs pemogentoBaHHAa EKM. HGF
CMpPUSAE aHrioreHesy B HABKOJIMWHIX TKaHWHax, LWoO
NiACUNIOE AOCTABKY MOXMBHUX PEYOBUH i KUCHIO A0
MX[, NOTEeHUINHO NOoAiNwWwy4Yn MOoro pereHepaTtuBHy
3[aTHICTb. AHTN}iI6po3HNN edekT HGF nonsdrae B
3paTHOCTI iHribyBaTtn TGF-f [61,62].

KoHueHTpauia HGF y 3Tl Moxe 3MiHOBaTuCH
3a/1eXHO Bi METOAY MPUroTYBaHHSA Ta iHWMX YNHHUKIB.
JocnigeHHs nokasanu, Wwo kKoHueHTpauii HGF y 3pa3kax
3TN cTtaHoBuTb 377,7-386,3 nr/mn, wWo 3yMOBJIEHO
BiAMIHHOCTSIMM B MPOTOKO/SIaX aKTuBauii TpoMbouUTIB i
BUBIiNbHEHHS pakTopa pocTy [63].

[OaHi KAIHIYHUX JocnigXeHb 3actocyBaHHsa 3TTI1
cBig4aTb Mpo i noTeHuian. 3okpeMa cUCTeEMaTUYHUN
ornaa i MeTtaaHanis, wo oxonnte 10 aocnigxeHb i3
BHYTPIilWHbOANCKOBUMU iH'ekUiaMm 3TI y nauieHTiB i3
BepTebpoOreHHUM i guckoreHHUM 6onem [64], BuaABUIn
NO3UTUBHWI BMMB Takoi Tepanii Ha 3MEHLWEHHS
6onto Ta noninweHHa dyHKUIT xpebTa. Takox npo
NO3UTUBHWIA BMMB CBigYaTb OokpeMi nyb6nikauii,
30kpeMa gocnigxeHHs S. Kawabata Ta cnisaBT. [65],
WO MiAKPEeCNE HEeObXiAHICTb KPUTUYHOrO nigxoay A0
iHTepnpeTauii AaHnXx Ta o6epexHOCTi Npn GOPMyNtOBaHHI
KNiHIYHNX BUCHOBKIB [66].

17

BucHoBKMU

36arayeHa TpoMbounTamm nnasma € baraTouisibOBUM
6i0N0OriYHMM areHTOM, 34aTHMM MOAYNKOBaATH
pereHepaTtuBHi npouecu B MXA. Knitnun MX[J
eKCnpecyTb peuenTopu A0 KAKYOBUX (aKTopis
pocTy, HasBHux y 3TN (TGF-B, PDGF, IGF-1, FGF, CTGF,
EGF, HGF). B3aemogia uux niraHais i3 BianoBiagHUMMU
peuentopamn (TGFBR, PDGFR, IGF1R, FGFR, EGFR,
c-Met) akTuBYye curHanbHi kackaam (Smad, PI3K/
AKT, MAPK, JAK/STAT Towo), WO B CYKYMNHOCTI
NpUrHivyoTb kaTaboniyHum paktTop NF-kB i 3anyckatoTb
aHaboniyHi npouecwu. Lle 3yMOBNIOE NiACUNEHHS CUHTE3Y
no3akNiTUHHOro MaTpukcy (KonareHy, arpekaHy),
NiABULLEHHSA BMXKMBAHHSA KNITUH | 3MEHLUEHHSA 3anasieHHs
B TKaHMHax Aaucka. Tak, TGF-B uyepe3 Smad-kackag
rafbMy€ eKcnpecito npo3anajsbHUX UWTOKIHIB Ta
CTUMYNIOE cnHTe3 MaTpukcy, PDGF Ta IGF-1 akTuBYOTb
wnaxu PI3K/AKT i MAPK gnsa niasuweHHs nponidepauii
Ta 3axXUCTY KNiTUH Big anonTo3y. FGF Ta EGF 3any4yatoTb
ERK/MAPK i JAK/STAT, cTuMyno4ymn pereHepauito
KNiTUH aucka, a HGF gonoBHIOE gito iHWKMX dakTopis,
3MEeHLUYUM 3ananeHHs Ta Gibpos i NigTpUMYyYn CUHTE3
MaTpuKkcy (4epes akTuBauito MET-peuenTopa Ta WisXiB
AKT/MAPK).

OTXe, Ha cy4acHOMY eTani po3BWUTKY 3HaHb 3TIl
po3rnafatTb 9K NaToreHeTUYHo ob6brpyHTOBaHUM
iHCTPYMEHT BMAWBY Ha AWCKOTeHHMN 6inb, wWwo
CYNnpoOBOAXYE AereHepaTuBHi 3MiHM MXO. OpaHak
i 3acTOCyBaHHA He € yHiBepcasibHUM nNigXoAoM A0
nikyBaHHS BCiX dopM aereHepauii. ns o6rpyHTyBaHHSA
TpuBanoi epeKTUBHOCTI Ta 6e3neyvyHoCTi Lboro Mmetoay
HeobXxiaHO NpOBEeCTM BEMKiI paHAO0MI30BaHi AOCNIAXEHHS,
SKi BpaXxOBYBaTUMyTb KAiHiIYHI ¢opmMu naTtonorii,
KpuTepii 3anyyeHHs, Ao3yBaHHA 3TI, TeXHiKy iH'EKUIN i
CTaHAApPTM30BaHi NOKa3HUKN ePEKTUBHOCTI.
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Enigemionoris nerkoi BubyxoBoi yepenHo-
MO3KOBOI TpaBMH

Y kpaiHax, siki 6epyTb y4acTb Y Cy4YaCHUX BOEHHUX
KOHGNiKTax, nepwe Micue B CTPYKTYpi nMopaHeHb
BiiCbKOBWKIB Nocina BnbyxoBa yepenHo-mMo3KoBa TpaBMa
(4MT) [1]. Nig yac cnyx6bu B Ipaky Ta AdraHictaHi, ae
iHTEHCUBHICTb 60MOBMX Ai Bysla MEHLWO MOPIBHAHO
3 HUHIWHbOK POCINCbKO-yKpaiHCbKOK BillHOl, a
perynsipHmMM BiiCbKaM 3aXiHMX KpaiH 4acTo NPOTUCTOAIN
napamMiniTapHi yTBopeHHs, WoHalMeHwe 10-20%
nepcoHany apwmii CLLUA 3a3Hanm YUMT [2]. Big noyaTky
y4acTi aMepuUKaHCbKUX BINICbKOBUKIB Y BOEHHUX Aiax y
2000 p. Ao 2014 p. KiNbKiCTb 3apeecTpoBaHNX BUNAAKIB
YMT cTaHoBuna 6nm3bko 320 Tuc. [3]. 3a gaHumu LleHTpy
obopoHn Ta YUMT y BeTepaHiB CLUA, y nepiog 3 2000
p. 40 nepworo kBapTtany 2016 p. 6nu3bko 348 TuC.
BiMNCbKOBMWKIB, SIKi MPOX0OANAN AIACHY BINCbKOBY CNyX06Yy,
3a3Hanm YMT. LWopiyHa KinbKicTb UMX TpaBM 3pocna 3
10 958 y 2000 p. 4O MakCMManbHOro 3HayeHHsa 32 907
y 2011 p. 3roaoM KinbKicTb BiAICbKOBUX i3 AiarHO30M
YUMT 3HM3MNacsa go 22 594 y 2015 poui. binbwicte umx
TpaBM (82%) knacudikoBaHO siK sierki 3a CTyMNeHeM
TKocTi. MpuunHoto nerknx YMT y 80% Bunaakis 6yna
ais Bnbyxy [4, 5].

Y 2014 p. 7% BeTepaHiB BiliHM B Ipaky Ta AdraHicTtaHi,
AKWUX CrocTepiranm B cUCTeMi YnpaBfliHHSA OXOPOHMW

3p0poB’s BeTepaHiB CLWA, manun giarHo3 YMT [6].
[JeTanbHiWmni CKpUHIHF 1 MIH BeTepaHiB Ha HasiIBHICTb
TpasM rosiosu B nepioa 3 2007 go 2015 pp. suasms UMT y
8,4% i3 HMX. OCKifNbkK LWe 45 TUC. BINCbKOBUX YXXe Manun
BCTAHOBJIEHMI AiarHo3 nerkoi YMT, 3arasbHa KinbKicTb
ocib i3 TakuMm BMAOM TpaBMW cTaHoBuna 137 841, abo
13,8% Big yci€i KinbkocTi o6cTexeHux [7].

3a AaHUMU aMepPUKaHCbKNX AOCIAHUKIB, Y CTPYKTYpI
BCiX MopaHeHb, AKWUX 3a3HaNu BIiNCbKOBWUKMK MiA
yac onepauin B Ipaky Ta AdraHicTtaHi, Ha 4yacTky
NOWKOAXEHb YHacniaok Aii BMbyxoBux cHapsais,
Ha3eMHUX MiH i peaKTUBHUX FrpaHaT Nnpunagano 56-78%
[8]. Taki 3MiHM B CTPYKTypi nopaHeHb, Big3HauyeHi
nif 4ac OCTaHHIX BOEHHMX KaMMaHiiA, AalTb nNigcTaBy
BBaXaTW MapKEpHUM YLKOAXEHHAM BiNCbKOBUKIB
y Cy4yacHuX BillHax came BubyxoBy YMT [1]. Yepes
TpuUBanuii xapaktep KOHMNIKTIB B AdraHicTaHi Ta Ipaky
M YyacTe BUKOPUCTAHHSA BUOYXOBUX MPUCTPOiB BOPOXKMMU
KoMbaTaHTaMu caMme Ha BMbyxoBilt UMT, 3okpeMa nerkin
BMbyxosin YUMT (JIBUMT), 30cepenxeHo KAiHiYHYy Ta
aocnigHnubky yBary [9]. XapakTepHo, Wwo nuwe 6113bko
2,8% BNBYX0OBUX TpaBM rofoBM KnacudikyBann Sk TAXKi
YLWKOAXKEHHS, ToAi K Yy 6iNblIOCTi BUNaaKiB — K nerky
UMT. BBaXa€TbCs, WO 3arajibHa KiNbKiCTb BMMNaAKiB
€ 3aHWXEHOW, ocKinbkn JIBUMT yacTo 3anmwacTbCs
HeZiarHOCTOBAHOK Ta HeMiKOBaHOM Yepes3 HeAoCKoHani
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IHCTPYMEHTU CKPUHIHIY, HEYiTKi AiarHOCTUYHI KpuTepii
Ta BiACYTHiICTb 3acobiB ob6’ekTuBizauii uM Bisyanizauii
nowkoaxeHHs [10].

TpUBOXHWMU € MOBIAOMJIEHHS NMPO YACTy MOXJIUBICTb
NOBTOPHMX BMOYXOBMX TpaBM Yy BiNCbKOBWKIB. B ornaai
nitepatypv [11] HaBeaeHO BMNaAokK BiicbkoBmKa Cnyxéu
3HelKoAXeHHS BubyxoHebesneuHnx npeametis Kopnycy
mMopcbkoi nixotn CLA, akuii oTpumas 50 3HauyHMX
BMOyxoBmMx TpaBM 3a 14 pokiB. HenooaMHOKI Takox
NOBIAOMMIEHHS MPO rpynu Naui€eHTIB, B AKUX cepenHs
KiNbKiCTb BMOYXOBMX TpaBM Ha oAHY 0coby cTaHOBUAA
13-14 3a nepioa y4acTi B 6onosux gisx [11]. Bucoka
yacToTa noBTOpHUX JIBUMT niaBULLYE PU3UK XPOHIYHOI
TpaBMaTu4yHoOi eHuedanonaTii (natonorii, aka, gk
BBaXaloTb, CMPOBOKOBaHa A0OCBIAOM 6araTbOX Jerkmx
YMT y MMHYNOMY), @ TaKoX iHWKX AeMeHUin [12].

NlikyBaHHA Ta peabiniTauis BiNCbKOBUKIB, WO
3a3Hanu YMT, noB’A3aHi 3 BEIMKUMU E€KOHOMIYHUMMK
BuTpaTtamMu. Y 2014 p. cepefHsa BapTiCTb MeAUYHUX
nocnyr Ans nopaHeHux i3 giarHozom YMT, B CLWIA
cTtaHosuna 15 161 pgonap, WO 3HAYHO MepeBuLLyBano
BapTICTb NIiIKyYBaHHA TUX, XTO HE MaB Takoro AiarHosy
(5 058 ponapis) [6].

ABTOpK focniaxeHb BMbyxosoi UMT Ha maTepiani
BOEHHMX KaMmnaHin B Ipaky Ta AdraHicTaHi aiiwnm
BWUCHOBKY, WO nonpu Te, wo 6arato MeanyHux npasun
i MpOTOKONIB NiKyBaHHSA, SAKi BUKOPUCTOBYIOTb Y
UMBINbHOMY CeKTOpi AN OUiHKW Ta nikyBaHHa YMT,
MOXHa 3acTocOoByBaTW AN AOMOMOINM MOPaHEHUM
BiNCbKOBMKAM, iCHYE KiflbKa YMHHUKIB, XapaKTEepHUX
ANs ui€i TpaBMK y BIAICbKOBUMKIB i BeTepaHiB, 30KkpeMa
OTpMMaHHS NopaHeHb y 60M0BMX YMOBAaX, iHLWi MexaHi3Mun
BMOyxoBOi YUMT, HaaBHICTb CYMmyTHIiX NCUXiaTPUUYHUX
po3naAiB Ta BNAWB BiiCbKOBOI KyNbTypW (MPUMEHLIEHHS
3HaYeHHs nerknx nopaHeHo) [9].

BoeHHi aii B YkpaiHi, wo BiabysatTbcs 3 2014
p. YHacnigok pocicbKoi arpecii, XxapakTepu3yTbCcs
0AHOYaCHUM 3acTOCyBaHHSAM Cy4dacHoro ocobucrtoro
3axncHoro obnaaHaHHSA W HOBMX BMAiIB 36poi, 30Kkpema
CTBOJIbHOI Ta peaKTUBHOI apTunepii, peakTUBHUX rpaHaT
i MiH. Lle np13Beno A0 3pOoCTaHHA KifIbKOCTi MOTEpNiNX
i3 BM6yxoBOI TpaBMOl Ta HeObXiAHOCTIi HajaHHSA
iM edekTuBHOI gonomorn n peabinitauii [13]. TouHi
enifeMioNnoriyHi NoKasHWKM Wwoao nowwmpeHocTi JIBYMT
Ta ii Hacnigkie 6yayTb OTpMMaHi Nicns 3aBeplleHHS
BillHW, ane 3 ornsa4y Ha AaHi 3apybiXXHUX AOCNigHUKIB,
3po3ymino, wo 6aratopiyHa peabiniTauia Benukoi
KinbkKoCTi noTepninux 6yae o4HWMM i3 OCHOBHUX 3aBAaHb
YKpaTHCbKOT C/1y>X6M 0XOpOHM 340pOB'S.

Marodghizionoris nerkoi BnbyxoBoi yepenHo-
MO3KOBOIi TpaBM#u

MexaHi3Mn BMOYX0BOi Ta «UMBiNbHOI» YMT
BiApi3HATbCA (TYyT i Aani MM BUKOPUCTOBYEMO
HernowwnpeHe B fliTepaTypi BM3HAYEHHSA <«UUBiNbHA
UMT» Ana O3HaA4YeHHS BIAMIHHOCTI YWKOAXEHDb,
OTpMMaHux y Hebonosux ymoBax, Bia Bnbyxosoi YMT).
SKWOo nNpu TpaBMi MMPHOro 4acy rosOBHUN MO30K
CTpa>x[a€ BHACNiAOK AiT poTauiMHMX Ta iHEepUinHuX
CWUM, @ TakoX MiCcLueBOro TpaBMaTU4YHOro BMJAWBY, TO
BMOYXOBi MOLWKOAXEHHSA € pe3ynbTaTOM XBWJli TUCKY,
Lo nepefaeTbCcs 3 BiagCcTaHi yepes nosiTpsa [14]. 3riaHo
3 KJlaCMYHUM BM3HayeHHaM C.]. Clemedson (1956),
BMbyxoBa TpaBMa - ue 6iodi3nyHi Ta naTtodizionorivHi
3MiHW BHacnigok BnauBy 6e3nocepeAHbo BUOYXY

21

abo nos’A3aHoi 3 HUM yaapHoi xBuni [15]. Bubyxosa
TpaBMa, Makw4u KNiHiYHI 03Haku nerkoi YMT, moxe
CYynpoBOAXYBaTUCHA 3HAYHUMU MOPDONOTiYHUMM
3MiHaMun (Habpsak MO3KY, Helipo3ananeHHs, Ba3ocnasm,
Andy3He akCoHaNbHe YLWKOAXEHHS, 3arnbenb HelpoHiB,
BTOPWMHHWI acTpornios). Ha kNiTMHHOMY piBHi BUByXxoBa
TpaBMa MO3KY XapaKTepU3YETbLCA MHOXWUHHUMMU
reTeporeHHMMN NOpYyLIEeHHAMM, 30KpeMa 36inbleHHAM
BMicTy b6inka-nonepeaHunka B-aminoigy, niABULLEHOIO
eKCrpecielo nNpoToOHKoreHis c-Myc, c- Fos i c-Jun,
36inbWEHHAM CUMHTE3y OKCMAy a30Ty 3 PO3BUTKOM
OKMCHOTo CTpecy, NOpYLWEHHAM aKCOHaJIbHOro
TPaHCMOPTYy Ta NiABULLEHHAM piBHA Hiomapkepis UMT
- HenpoH-cneumndivyHoi eHonasn (NSE), ybikBiTUHOBOI
C-TepMiHanbHoOi rigponasun (UCH-L1) i rnianbHoro
dibpunsapHoro kucnoro 6inka (GFAP) [1].

Bubyxosa UMT € ocobnmBoto popMoto TpaBMaTUHYHOMO
YWKOAXEHHSA, iK€ BUMHWKAE BHACMIAOK MPAMOro 4u
HenpsaAMOro BNAMBY BMOYXy, nmepeBaxHoO B 60MOBUX
yMoBax. TpaBMa, CnpuYnHeHa HaAIMLWLKOBUM BUOYXOBUM
TUCKOM, € pe3ynbTaToM BMOYXY, IKUN XapaKTepU3yeTbCA
pPi3KMM BWBINbHEHHAM eHeprii 3a KOPOTKMUI 4ac y
HeBeNMKOMY 06’eMi, LLLO CTBOPIOE HENIHINHY XBUIIIO yAapy
N TUCKY. «YaapHa XBUNA», WO YTBOPIOETLCSA B pe3ynbTaTi
BMObYyXy, cknapgaetbcsa 3 GPOHTY BUCOKOro TUCKY,
AKUN WwWBnAKo (cybminicekyHAN-MinicekyHAN) CTUCKAE
HaBKOJIMWWHE MOBITPA 3 HACTYMHUM Pi3KUM NaAiHHAM
TUCKY, 4acTO AO PiBHSA, HUXYe 3a aTMocdhepHOoro
(HeraTMBHWM TUCK), nepea MOBEPHEHHAM A0 TUCKY
[OBKiNMAA. 30Ha HEraTMBHOrNro TUCKY 3roJOM LWBUAKO
PO3LWMPIOETLCA Ta 3aMilllyeETbCS BiANOBIAHUM 06'€éMOM
noBiTps. Lle 3MmiweHHa noBiTpa CTBOpPIOE «BUOYXOBUI
BiTep» («blast wind») - miacuneHnn NOTiKk neperpiToro
noBiTps, KM ABNSE COBOIO Ayxe BenMKuii 06’eM rasy, Lo
MOXe BiAKNUHYTW TifIO XXePTBU HAa HAaBKOJTULLHI NpeaMeTH.
BnbyxoBuii BiTep pa3oM 3 yAapHOIO XBUJIEK € OCHOBHUMM
KOMMNOHEeHTaMn «BUOYxoBOi xBuNi». Bubyxosi xBuni
BMAIMBalOTb HAa KOMMEKC «rosioBa-MO30K». TSAXKICTb
BM6yxoBoi YUMT 3anexuTb BiA BEINYUHU I TPMBANOCTI
umkny Tucky [1, 16, 17].

3 nornaay di3nkn, NOWKOAXKEHHS TKAHWH MEPBUHHUM
BNIMBOM BUBYXYy peanidyeTbca yepe3 Taki epekTu, K
po3wenneHHs (spallation), iMmnnosia («implosion» -
«BUBYX ycepeauHy»), iHepuiiHi edekTn 1 KasiTauis.
Po3wenneHHsa BiabyBaeTbCs, KONM yaapHa XBUNSA
nepexoAnTb BiA WiNbHOMO A0 MEHL LWiNbHOro MaTepiany,
CMPpUYNHAIOYM pparMeHTauito WinbHiWoro maTtepiany
Ha MeHW LWinbHWA. BiAHOCHO NMPOCTMM MPUKNAAOM €
BMOYyX nia BOAOK, YHACNiAOK SKOro WinbHiWa BoAa
po36pU3KYETLCA B MeHLW WinbHe noBiTpsa. KasiTauis
Ta iMNNo3is € NOB'A3aHMMKN ABULLAMU, SKi BUHUKAOTb,
Konun da3sa HeraTMBHOIO TUCKY 3MYLUYE PO3YMHEHI ra3m
yTBOptoBaTn bynbbawkm B pianHax. Ui 6ynpbawkn
CTUCKATbCA HeraTMBHMM TUCKOM (iMN103id), a NoTiM
BMOYXOBO pO3WNPIOTLCSA, KONM (pa3a HeraTUBHOIO
TUCKY MMHaE€E. Po3uwenneHHs, KagiTauia Ta iMnnosiga
MOXYTb MPU3BECTU [0 MEPBUHHOIO MOWKOAXKEHHSA
nereHb yHacnigok snbyxy. IHepuiliHi cnnu BUHMKaTb
Ha MeXi TKaHWH i3 Pi3HOHO LWiNbHICTIO, KON TUCK BUBYXY
NPUCKOPIOE MaTepianu pi3HOT WiNbHOCTI 3 pi3HOIO
WBUAKICTIO, WO CTBOPKE cunm 3cyBy [18-20]. Ha
eKcrnepuMeHTasbHUX MOoAesnsAX NnokKasaHo, Wo KasiTauis
MOXe MPpU3BECTU A0 BTOPMHHOIO YLIKOZXKEHHS TKAHUH Nij
BNAMBOM BNOYXY, 30KpeMa, KagiTauia uepebpocniHanbHOi
piavHN MoXe BiAbyBaTUCH 3a TaKUX TUCKY N TPMBANoCTI
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BMN/IMBY, SIKi CMOCTEpIralTbCsa Mi4 Yac peanbHUX NOAIN
BMbyxy [19, 21].

LleHTp 3 KOHTpOtO Ta NpodiNakTUKN 3aXBOpPIOBaHb
CWA (Centers for Disease Control and Prevention)
BM3HA4ya€ 4 TMNKW TpaBM, CMPUYNHEHI BNIMBOM BUOYXY:

1) NnepBWHHI yWKOAXEHHS Bi4 MO4YaTKOBOI XBWAI
HaA/MWKOBOro BMOBYXOBOro TUCKY Ha MOBEPXHi Tina
(nepBuHHMI BUOYX);

2) BTOPUHHI NpPOHWUKHI abo Tyni YWKOAXEHHSA Bijg
yNaMKiB i CHapsAAHUX OCKOJIKIB;

3) TPETUHHI YWKOAXEHHS, AKi OTPUMYE NtOANHA, SKY
Bigknaae Bubyxosum BiTep;

4) YyeTBEPTUHHI YLWKOAXEHHS, WO OXOMNTb
yCi noB’si3aHi 3 BU6yXOM TpaBMW, 3axBOplOBaHHA abo
XBOpO6U, HECNPUYNHEHI NEPBUHHUMWN, BTOPUHHUMU YK
TPETUHHMMWN MexaHi3MaMu, a TaKoX 3arocTpeHHs abo
YCKNaZAHEHHS HassBHMX 3axXBOplOBaHb [22].

Xoya yWwKOAXKEHHSA Bi4 BUOYXYy 3a3BM4Yail MOXYTb
6yTn noegHaHUMKM Ta KOMGIHOBaHMMM, y Hawin poboTi
po3rnaHyTo nuwe JIBYMT, Wwo € HacniAKOM yaapHOT XBUJII.

[ocniaXeHb, B AKMX MNOBIAOMNSETLCSA MPO XPOHiYHI
NnaTo/IOroaHaToOMiYHi 3MiHK npu BMbyXoBiK YMT, mMano.
IxHi pesynbTaTn niacymosaHi B ornsaai nitepaTtypu [23],
aBTOpPW AKOro 3a3HayaloTb, WO TaKi MOBiAOMJIEHHS
novanun 3'apnatucsa 3 2011 p. 3okpema, y MO3KOBIl
pPeYOBMHI KONIMWHbLOr0 MOPCbKOro MiXoTuHusa 6yno
BMSABNEHO HenpodibpunapHi knybku Ta naTtonorito
Tay-6inkiB, NnoAdibHO A0 KapTWHM, WO CNOCTEepiraeTbcs
Npy XPOHIYHIN TpaBMaTUUHIN eHuedanonarii. Taki cami
3MiHW BUSIBJIEHO NMiJ Yac aBTOMNCii B YOTUPbOX BiiCbKOBUX
BeTepaHiB, AKi 3a3Hanu BNAMBY BUOYxy. B iHWIA cepii
naToricTonoriyHmx pocnigxeHb (5 BINCbKOBUKIB, WO
nocTpaxaanu Bia Bubyxy, 4 i3 HUX i3 TpuBanicTio
BWUXXMBaHHA Nicns BnaAnBy Bubyxy noHaza 2 Mic) onncaHo
NaTonorito akcoHiB. e B n'aTbOX BMNagkax XpOHiYHOI
BN6YyxoBoi YUMT (BMXKXMBAHICTb MOHAA 6 Mic Nicns TpaBMun)
aBTOpPW onucanu BUpasHy acTporiiasbHy naTosorito
(acTpornios), Wo CBiAYNIO NPO HASIBHICTb peakTUBHOIO
rniosy, a TakoX Npo naTonorito Tay-6inka y ABoX i3 N'aTn
BMNaakiB. OKpiM obMeXeHUX AOCNiAXEeHb Ha Noasx,
B SIKMX BMBYANM AK rocTpi, TaKk i XpOHi4YHi naTonoriyHi
HacniAKW B roJIOBHOMY MO3KY, ICHYE BenuKa KiflbKiCTb
MoJenewn Ha TBapuHaXx, Lo MatoTb MNeBHi 06MeXeHHS LWoa0
TOYHOrO BiATBOPEHHS NaTo@di3ioNoriyHNX MexaHiamis
Ta naTonoriyHmx ocobnumeocTten Bmbyxosoi YUMT, aki
criocTepiraoTbCs B N04eN.

BnbyxoBa xBuna Moxe BMNAMBATU Ha FONOBHUN
MO30K KinbkoMa crnocobamu. lMo-nepwe, KiHETUYHA
eHepris, NpoxXoAsiun Kpi3b yepen, Moxe 6e3nocepeaHbO
BUKMKATW npuckopeHHs abo obepTaHHA MO3Ky, LWO
CNPUYNHSAE ANDY3HE NOLWKOAKEHHS aKCOHIB i3 noAanblUunm
BTOPUHHUM aKCOHaIbHMM MOLLKOAXEHHAM. He3Baxkatouu
Ha Te, WO Ui TUNU YWKOAXEHb MOXYTb Crno4yaTKy
BUrNAAATU CXOXMMW Ha HEBUOYXOBY «UMBINbHY» YMT,
OCTaHHI AaHi ceig4aTb Mpo Te, WO TWUM MOLWKOAXEHHS
aKCOHa, CNpUYMHEHOro BMOYXOM, € YHiKanbHUM ANns
Bnbyxosoi UMT. [locnigXeHHS FOMIOBHOrO MO3KY
BINCbKOBMKIB Micnsi BU6YxXoBOi TpaBMM 3a AOMOMOIOK0
ANdy3iNHOT TEH30PHOI MarHiTHO-pe30HaHCHOI ToMorpadii
NPOAEMOHCTPYBaso, WO MOLWKOAXEHHSA aKCOHIB npu
BnbyxoBin YMT € 6inbw nowumpeHUM i NpoOCTOPOBO
BapiabenbHMM NOPIBHAHO 3 HEBMOYXOBOIO «LINBINIbHOO»
TpaBMOK. BOHO oxonnte, 3oKpeMa, Taki AiNSHKU
MO3KY, ik BepXHi Bigainn corona radiata no6osoi
KOpW, MO304OK i 30poBi TpakTu [24, 25]. Lle Takox
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NiATBEPAXEHO pe3ynbTaTaMu AO0CNIAXEeHb Ha MoAensax
BMbyxoBoi YUMT y wypiB, AKi nokasanu, wo poTauiriHa
TpaBMa roJloBHOro Mo3Ky (aHanor <«uUuBiIbHOI»)
NpuU3BOANTb [0 iHLINX NOBEAIHKOBMX PO3naiB NOPIBHAHO
3 HEMpOTpaBMO, CrpUYnHeHo BUbyxom [26]. Le nae
niacTaBy po3rnagatu iHAyKoBaHe BMOYXOBOK XBWUIIEHD
AKCOHa/bHe MOLWKOAXEHHS K OKpeMuii Tmn andy3Horo
aKCOHaNbHOro MOWKOAXEHHSA. Ha KOpUCTb LbOro
CBiAYNTb TAaKOX BUpasHilla NOpiBHSAHO 3 HEBUOYXOBOLO
YMT 3ananbHa BigNoBiAb, 30KpeMa niABULLEHA eKcrpecis
nposananbHUX LUTOKIHIB i peakuis Hewnpornii [27, 28].
Takox nicna Bmbyxosoi YMT y wypiB nowmpeHiwmmm
€ Habpsk MO3Ky I Ba3ocna3M yHacsniAoOK NMEpPBUMHHOMO
3BYXEHHS apTepii i 3MeHLWeHHS UiNiCHOCTI CyAMHHOI
CTiHKM, WO NpU3BOANTb A0 BTOPUHHOIMO MOLUKOAXEHHS
MO3KOBOI TKaHWHu [29].

Ha aymky K.J. Dixon (2017), okpiM npsAMOro BnNavMBy
Ha MO3KOBY TKaHWHY, BMOyXOBa XBWISA MOXe TaKoX
AiATN onocepefiKOBAHO Yepes [jBa MOXJINBI MEXAHI3MMU.
Mo-nepwe, BUBYX MOXe CAPUYUMHUTU CTUCHEHHSA Ta
nojasnblue po3lWMNPEHHSA ra3oBMiCHUX BiAAiNiB y MO3KY,
LLIO MPU3BOAUTDL A0 NMOLWKOAXEHHSA HABKOJTULLIHIX TKAHUH.
Mo-apyre, BubyxoBa XBWMNA MOXe CMPUYUMHUTU yAapHI
XBWJIi B KPOBi Y CMMHHOMO3KOBIN pigWHI, WO HaAXoAATb
[0 MO3KY MpOTAroM KiflbKoX cekyHA. s ynapHa xsuns
MOXe MPU3BECTU A0 NMPUCKOPEHHSA €/IEMEHTIB TKaHUHU
3i CTaHy CMNoOKOK A0 WBWUAKOCTI, KA 3alexXuTb Bij
WiNbHOCTI cepefoBuLLa, WO 3ro40M MOXE CMPUYUHUTU
AedopMauilo Ta NOWKOAXKEHHS ypaXKeHOoi MO3KOBOI
peyoBuHn [30]. BBaxaeTbCs, WO Ui HenpsaMmi edekTun
BMBYXYy MOXYTb O6yTW 3yMOBNEHI K nepeaadeto eHeprii
BMBYXy Yepe3 KPOBOHOCHI CyAMHW FPYAHOI Ta YepeBHOI
NMOPOXHWHKN, Tak i BpaanKkapai€eo, onocepeaKkoBaHO
6nykatuymMM HepBOM, apTepianbHOW TiNOTeH3i€ Ta,
MOXJIMBO, uepebpanbHoto rinonepgysieto [31].

OnuncaHi edekTn BMOYXOBOI XBWU/i Ha LEHTpanbHy
HEpPBOBY CUCTEMY MiATBEPAXKEHO B EKCNEPUMEHTANIbHUX
pocnigxeHHax. licna oaHOpa3oBOro BMAWUBY
cybnetanbHoro Bnbyxy 3 HaAMipHMM TUCKOM yAapHOI
xBuni 48,9-77,3 kla y BigkpuToMy npocTtopi (Moaenb
JIBYMT) y ronoBHOMY MO3KY LWWYypiB HAacCTYMHOro AHSA
nicns TpaBMuU BUSIBUSIN «NOTEMHINI» 1 3MOPLLEHI HENPOHU
Kopu Ta cna3moBaHi cyanHu. CriocTepiranmMcs o3Haku
anonTto3y onirogeHapouunTiB i actpouunTtie (TUNEL-
nosntueHe dapbyBaHHA) 6in0i peyoBUHU, rOCTPOro
NOLIKOAXEHHS aKCOHiB (NiagBMLLEHA IMYHOPEaKTUBHICTb
6inka-nonepeaHunka aminoigy) 6e3 3MiH akTUBHOCTI
Makpodaris/mikpornii. O3Haku BiAHOBNEHHS BiA3Ha4anu
Ha 4-1 i 7-n peHb nicnsa Bubyxy, WO BKalyBaso Ha
Nerkuin xapakTep KAITUHHOIO MOLKOAXEHHS Ta 3MiH
6inoi peyoBuHu [32].

Ons onncaHnx nNoAin MOXYTb iCHyBaTu Kinbka
aHaToMo-di3ionoriyHnx nepeaymoB. 30Kpema
nowunpeHHs Bnbyxosoi xBuNni 6e3nocepeAHbO Kpi3b
yepen abo nasyxu [33]. 3 iHworo 60Ky, BiA3Ha4YeHoO,
Lo HenpsMa Ais BUH6yxXoBOi XBUJTi 3yMOBJIIOE CTUCHEHHS
XUBOTA M FPpyAHOT KNITKW, WO nepenac KiHETUYHY
eHeprito 6ionoriyHuMm pianHam Tina. Llei edekT reHepye
KONuBasnbHi XBUMi Bif KpPOBi A0 rOJIOBHON0 MO3KY,
BigAaneHoro Big Micua HambinbwWoOro nMpukiagaHHsA
eHeprii Bnbyxy. Usa nepepadya kKiHeTW4YHOI eHeprii
CMPUYMHSAE (PYyHKUiOHaNbHi Ta MOPMONOriyHi 3MiHM B
CTPYKTYpax rosloBHOr0O MO3KY, siKi € 0CO6/IMBICTIO TpaBMu
rOSI0OBHOMO MO3KY, CNPUYNHEHOT BUOYXOM, BiACYTHbOI
npu iHWKX BigoMnx opmax YMT. CknagHuim MexaHiam
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BMOYXOBOr0 ypa>X€HHS OXOMJI0E TaKOX Hacnigku
nepBMHHOro BMGYXOBOro BMAMBY Ha BereTtaTUBHY
HepBOBY cucTeMmy [1]. B ekcnepuMeHTi Ha Muwax
ouiHmnu Bname JIBYMT (HaaMipHuUIA TUCK BMBYXOBOI
XBUNi B «yaapHin Tpy6i» ctaHoBuB 68, 103 i 183 klla)
Ha MapeHXiMaTo3Hi opraHu Ta rof1I0OBHUIA MO30K.
OCHOBHUMM YLLIKOZKEHHSAMM NO3aMO3KOBUX OpraHis 6ynun
KPOBOBWIMBU B NNEreHsX, reMopariyHi iHpapKTun neviHku,
cenesiHkn N HUpPoOK. MynbTudoKasrbHe akCOHasbHe
NOLWKOAXKEHHS B MO304KY, KipKOBO-CMiHaNbHIi cucTeMmi
Ta 30pOBOMY TpaKTi CynpoBOA>XYBasnocs TpuBaaumu
NOBEAiHKOBUMU 11 PYXOBUMW po3nadaMu, TakKUMKU K
nopyweHHsa couianisauii, npocTtopoBoi nam’aATi Ta
KoopauHauii pyxie. MNoka3oBo, WO 3axucT Tynyba
3MEHLWYBaB aKCOHajibHE MOWKOAXEHHSA Ta sABuLLa
noseaiHkoBoro aediunty [34]. B iHWOMYy gocniaxeHHi
NBYMT MopentoBanu B LYpPiB TakoX 3a AOMNOMOroto
«ypapHoi Tpybu» (HaaMipHUI TUCK yAapHOi XBWAi
cTaHoBuB 126 i 147 kMa). MpyaHy KANITKYy Ta 4acTUHY
XMUBOTA TBapuH 6yno 3axuweHoO 3a AOMNOMOrot
KeBNApOBOro Xwuneta, KU 3MEHLWMB CMEpPTHICTb BiA
BMOYXYy, @ TakoX MOLWMPEHICTb AereHepauii akCoHiB
Yy FOJTIOBHOMY MO3KY W BWPA3HICTb HEBPOJIOTIYHUX i
nosediHkOBUX po3naais [35].

3 ornsaay Ha 3asHadeHe Bule HabyBa€ NOWMPEHHS
Teopisa, WO Topako-abaoMiHanbHa CcyAuHHa/
riapoAMHaMivyHa nepeaaya BU6yxXoBUX XBUIb MOXe 6yTun
OCHOBHOI Npu4YunHO BMbyxoBoi YUMT. [eski nauieHTn,
AKi 3a3Hanu BMOyXoBOi TpaBMKU, MakTb 03Hakn YMT
3a BiIACYTHOCTI MpsiMOro TpaBMaTUYHOro BMJINBY Ha
ronosy [20]. LUs Teopia oTpuMmana ekcrnepuMmeHTasnbHe
niaTBepAXXeHHs. ABTOpM aocnigxeHHs [36] BuBYanu
BNAMB BMOYXOBOI XBMAI Ha WypiB y cneuiaibHOMY
npucTpoi (yaapHin Tpybi), B AKOMYy CTBOplOBaIu
obmMexxeHur BNaAne Ha Tyny6 HaanMwkoBoro Tmucky 70 i
130 k[Ma, 3 OUiHKO TUCKY B COHHI apTepii Ta roIOBHOMY
MO3KY. [OCNiAHUKWM BUSIBUAN, WO eHepria BnbyXxosoi
XBUWNi, NpuknaaeHa Ao tynyba, cnpuymHse 36inblueHHs
nMikoBOI MacoBOi WBWAKOCTI NOTOKY KpoBi A0 255% vy
6asanbHKX BigAinax MoO3Ky Ta Hanpyru 3cyBy CYAUHHOI
CTiHKM A0 289% y uepebpanbHuUX cyauMHax. ABTOpu
OIRWNN BUCHOBKY, WO HENpPSAMWUI MexaHi3M BUOYyxXoBOi
TpaBMW CMPUYUHSIE PAaNTOBUIM | MAaCMBHUIA MOTIK KPOBI,
AKUI WBUAKO MOLWMPIOETBCA Big Tynyba yepes wuto
A0 MO3KOBOi CYAMHHOI cuctemu. Llen npunnme Kposi
NpuM3BOANTb A0 3HAYHOro 36iNblIEHHA Hanpyrn 3cyBy
CTiHKM B CYAMHHIN Mepexi roIoBHOro MO3KY, LLO MOXe
CAPUYUHUTU DYHKLIOHANbHI Ta CTPYKTYPHI 3MiHK
uepebpasbHUX BEH i apTepin, a 3pewTo — NaToNorito
cyavH [36]. NiaBuweHHa uepebpanbHOro CyANHHOro
TUCKY BHacnifgok TopakoabaoMiHanbHOro CTUCHEHHS
NOpyLwye UiNicHICTb remaTtoeHuedaniyHoro 6ap’epa, wo
NpuM3BOANTbL A0 MOLWKOAXEHHS APiIbHMX LepebpanbHUX
CYAWH. SIK 3a3Ha4yeHo Bule, CNpUYMHEHE BUOBYXOM
NOLWKOAXEHHSA BUMOBHEHUX MOBITPSAM OpraHiB, Takux
SIK NlereHi, Moxe Npu3BecTu A0 NOBITPsAHOI embonii
yepe3 MexaHi3M po3wenneHHs (spallation). EmM6onn
MOXYTb MOTPanuUTU ;0 MO3KOBUX CYANH, LLO CNPUYUHUTL
uepebpanbHy iwemito Ta iHdapkT. KpiMm TOro, Bnaus
BMOYXOBOIro TUCKY MOXe NPU3BECTU A0 CTPYKTYPHUX 3MiH
apTepin yHacnifgok 3yMOBJIEHOro BM6YyXOM Basocnasmy
[20, 37-39].

Ha aymky pocnigHukis [40], B ekcnepuMmeHTax chnig
NOPIBHATKU TAXKICTb BU6yxoBoi YUMT npu 3acTocyBaHHiI
ABOX cneuianbHUX 3aXUCHUX NMpuUcTpois. Mepwui
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NpUCTpiN («3ani3Hi nereHi») gae 3mory BubyxoBum
XBUNAM BMNAMBATU NWLIE HA FOMIOBY TBApWHW, APYrun
— Ha rpyaHy KNiTKY Ta 4YyepeBHY YacTuHY Tina. Taki
eKCNepMMeHTU AOMNOMOXYTb MOACHUTU 11 06r'pyHTYBaTH
KNiHIYHEe CNOoCTepexXeHHs, Wo NiACUIEHUR 3axucTt
rpyAaHOI KNiTKM 3@ AOMOMOrot 6anicTUYHMX 3aXMCHUX
6bpoHexuneTiB, iIMOBIpHO, BiAirpae BaX/JIMBy pofb Yy
3MeHWeHHi TaxkocTi Bubyxosoi YMT, 3anobiratoum
TpaBMaM flereHb nNpu iHTEHCUBHOCTI BMOYXY, sika MoOXe
cnpuumHmnT YMT [41]. MNpoTe 3a3HayeHo [11], wo B
peanbHMX 60MOBMX yMOBax BO€EH B Ipaky n AdraHicTaHi
6poHexuneTn Ta LWONOMU He 3axulianu Bif 3aKpUTOI
BM6yxoBoi YMT.

TakMM 4YMHOM, niTepaTypHi AaHi NEPEKOHINBO
cBigyaTh, Wo 6iomexaHika 1 natodisionoris HeMpoTpasMm
BHaCNiAOK BUOYXOBUX YLUKOAXKEHb CYTTEBO BiPi3HAIOTLCSA
Bifi MEXAHI3MIB iHWMX TUMNIB YLWKOAXEHb, OTPUMAHUX Y
MUPHUI Yac, abo 60MOBUX MPOHUKHUX BaniCTUUYHUX
nopaHeHb. HaBepeHi BiAOMOCTIi MalwTb KJ4YOBE
3HaYeHHs ANS po3pobkn edPeKTUBHUX NiAXOAIB A0
AiarHoOCTMKMU, NikyBaHHSA Ta peabiniTauii BinCbKOBUKIB
i BeTepaHis.
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Objective: The craniovertebral junction (CVJ]) plays a pivotal role in stabilizing
and facilitating movement within the craniospinal axis. This study aimed
to evaluate the clinical, radiological characteristics and surgical outcomes
in patients with CV] anomalies associated with basilar invagination and
atlantoaxial dislocation.

Materials and methods: A retrospective analysis of five patients with CVJ
anomalies, who underwent surgical management at Sardar Vallabhbhai Patel
(SVP) Hospital, Ahmedabad, Gujarat, India. They were analyzed for clinical
characteristics, radiological parameters and various surgical procedures.
Patient's clinical and radiological status was assessed pre- and postoperatively
at discharge and at 6 months of follow-up. Nurick grading system and Modified
Japanese Orthopedic Association (mJOA) score was used. Radiological
assessment was done by atlantodental interval (ADI), craniobasal angle, and
craniometric lines.

Results: Most patients presented with neck pain, followed by motor weakness
as the second most common symptom, while sensory deficits were the least
frequent. Congenital atlantoaxial dislocation was the most prevalent CVJ
anomaly observed. Clinically, significant postoperative improvements were
observed in both Nurick grade and Modified Japanese Orthopedic Association
(mJOA) score. Radiological findings showed a reduction in the atlanto-dens
interval (ADI), a less acute clivus-canal angle, and downward movement of
the odontoid process in the postoperative period. All cases had favorable
postoperative outcomes, with no mortality reported at the one-year follow-
up, and the condition of all patients stabilized.

Conclusion: Favorable outcomes were achieved through posterior fixation
without anterior exposure in selected cases. The key to achieving excellent
clinical and radiological outcomes with minimal complications lay in a thorough
preoperative evaluation, timely surgical intervention, and the selection of an
individualized surgical technique.

Keywords: craniovertebral junction; basilar invagination; atlantoaxial
dislocation; posterior fixation; surgical clinical; outcomes,; case series

Introduction

dural tears, CSF leakage, infections at the surgical site,

The craniovertebral junction (CVJ) plays a critical role
in maintaining both mobility and biomechanical stability.
Common developmental anomalies in this region include
irreducible atlantoaxial dislocation (AAD) and basilar
invagination (BI), which are frequently seen alongside
occipital fusion of the C1 arch. Basilar invagination refers
to the congenital upward shift of the upper cervical spine,
particularly the odontoid process, into the foramen
magnum, and it is often associated with AAD [1].

The aim of treatment is to stabilize the craniovertebral
junction, correct any deformities or misalignments, and
relieve pressure on the neural structures. The purpose of
using instrumentation is to achieve immediate stability,
enhance fusion outcomes, minimize postoperative
external immobilization, and shorten rehabilitation
periods. Common complications that may arise include

nerve or cord damage, vertebral artery damage, and
failure of fusion at the bone or screw interface [2].

The progress made in neuroradiology and surgical
techniques has led to improved safety, increased
fusion success, fewer complications, and better clinical
outcomes [3, 4]. Nevertheless, the posterior approach,
including occipitocervical fusion or C1-2 fusion with
or without bony decompression — remain a complex
procedure due to the intricate bony and neurovascular
anatomy at the CVJ [5, 6].

This case report series presents our institutional
experience with posterior surgical approaches in five
patients diagnosed with congenital BI and AAD.

This study sought to analyze the clinical
characteristics, Nurick grading, Modified Japanese
Orthopedic Association (mJOA) score and the outcomes
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of patients with craniovertebral instability who
underwent posterior surgical treatment, either with
or without decompression. It also aimed to assess
the radiological results, including the measurement
of craniometric and craniobasal angles, atlanto-dental
interval (ADI), and bony fusion.

Material and methods

Study participants

A retrospective review was conducted on 5 patients
with developmental craniovertebral junction anomalies
operated on at the Neurosurgery Department SVP
Hospital, Ahmedabad.

Inclusion criteria

Patients with developmental CV] anomalies
managed surgically through a posterior approach either
occipitocervical or atlantoaxial fixation and fusion who
had developmental irreducible BI with AAD with minimum
6 months' follow-up were included in our study.

Exclusion criteria

The following conditions led to exclusion from the
study:

1. Traumatic AADs with fractures of the C1 or C2
arches or facet joints,

2. Polytrauma involving other areas of the cervical
spine.

3. Rheumatoid arthritis.

Preoperative Assessment

Cases followed our inclusion criteria and they were
analyzed for age, sex, clinical characteristics, radiological
diagnosis, and treatment given. Patient's clinical status
was assessed pre- and postoperatively (at 6 months)
by the Nurick grading system and Modified Japanese
Orthopedic Association (mJOA) score.

Nurick grades 0, I, and II have been considered
as good and III to V as poor Nurick grade. Various
craniometric lines (McRae, McGregor, Wackenheim
Line, Chamberlain, Modified Ranawat Line and clivus
canal line), craniobasal angle (clivus canal angle), and
ADI were recorded. Standard definition exists for all the
parameters mentioned.

The atlantodental interval was measured to evaluate
the horizontal dislocation of C1 over C2 or C2 over
assimilated C1.

The following measurements were used to assess
the BI

Chamberlain Line (CL): The normal range was
considered as dens being about 2.3 - 2.6 mm below
this line.

Wackenheim Line: The normal value was considered
being about 0.9 -2.2 mm below this line.

McRae Line (ML): The normal value was considered
being about 5.8+1.6 mm below this line.

Modified Ranawat Line: From the midpoint of the
base of C2, a line was drawn to meet the line drawn
from the center of the anterior arch of C1 to the center
of the posterior arch. The distance between the 2 lines
along the long axis of C2 was measured (normal value is
about 17 +-2.6 mm; a value less than this indicates BI).

The realignment was measured using the clivus canal
angle (normal value ~ 150°).
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CT angiogram was performed in patients to explore
the size and course of the vertebral arteries between
C1 and C2 segments.

Associated Chiari malformation, syringomyelia, or
other intramedullary signal changes were also evaluated.
Associated syringomyelia was found in 3 patients.

Postoperatively at 1 year follow-up, dynamic
computerized tomography (CT) scan CVJ] region was
done in each case and we reassessed the various
craniometric lines, ADI, craniobasal angles, and bone
fusion between C1 and C2.

The posterior margin of the foramen magnum was
removed in all cases, making it impossible to directly
draw the cranial line (CL) and mandibular line (ML) on the
postoperative images. To circumvent this, a technique
based on the approach by Jian et al. was applied. A
reference line was drawn from the posterior edge of the
hard palate to the anterior edge of the foramen magnum.
Then the angles between this reference line and CL (hard
palate to posterior foramen magnum) and ML (anterior
to posterior foramen magnum) were measured. On the
postoperative CT scans, the reference line was drawn
first, and then the CL and ML were reconstructed by
transferring the measured angles.

Operative technique

All cases underwent posterior fixation and
decompression. Out of 5 cases of posterior fixation,
one case underwent C1 lateral mass and C2 pars screw
fixation for reducible atlantoaxial dislocation (AAD)
(see Fig. 1, Fig. 2). O-C2 fixation (Fig. 3, Fig. 4)
was performed in one case of C1-C2 subluxation
was associated with C1 defects (assimilation, absent
posterior arch) and abnormal C1-C2 joint anatomy
(vertically oriented or deformed C1-C2 joint). O-C2-
C3-C4 fixation was performed in three cases.

Intraoperatively, vertebral artery rupture leading
to bleeding, had occurred in one case during C2
screw placement. Postoperatively, a wound infection
was noticed in the same case. Both complications
were managed conservatively and the patient was
subsequently discharged.

Statistical analysis

Descriptive statistics were used to summarize
demographic data, clinical characteristics, radiological
parameters, and outcome measures. Continuous
variables such as age, ADI (atlanto-dental interval),
clivus canal angle, and mJOA scores were expressed
as mean * standard deviation (SD) or median where
appropriate. Categorical variables such as Nurick grades
and presence of associated anomalies were reported as
frequencies and percentages.

Results

Neck pain was the most common presenting
symptom in our study. Other frequent manifestations
were motor weakness, sensory disturbances,
and restricted neck movement. Additional clinical
findings are given in Table 1. The majority of cases
presented with symptoms duration longer than 12
months.

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Fig. 1. Preoperative non-contrast
computed tomography (CT) of
craniovertebral junction (CVJ).

A - sagittal view showing
atlantoaxial dislocation (AAD) in
flexion

B - sagittal view showing in
neutral position

C - reduction of AAD in extension

D - T2-weighted (T2W) magnetic
resonance imaging (MRI) of CV]
in sagittal view

Fig. 2. Postoperative:

A - Non-contrast computed
tomography (CT) showing bilateral
C1 lateral mass and C2 pars screw
fixation in coronal view

B - Non-contrast computed
tomography (CT) of CV] showing
reduction of atlantoaxial dislocation
(AAD) and widened spinal canal

C - Non-contrast computed
tomography (CT) showing bilateral
C1 lateral mass and C2 pars screw
fixation in saggital view

http://theunj.org
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Fig. 3. Preoperative non-contrast computed tomography (CT) of craniovertebral junction (CVJ).

A - sagittal view showing in flexion position

B - sagittal view showing in extension position

C,D,E - T2-weighted (T2W) magnetic resonance imaging (MRI) CV] sagittal view and axial cuts, showing cord
compression with hyperintense changes in the cord at the CVJ region.
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Fig. 4. Postoperative computed tomography (CT) of craniovertebral junction (CVJ).
A - Coronal view showing occipital plate and C2 pars screw
B - Sagittal view showing occipital plate and C2 pars screw

Table 1. Clinical findings and duration of symptoms

Clinical findings Number

Neck pain 4
Restricted neck movement 2

Quadriparesis 0
Motor weakness

Hemiparesis 4

Posterior column involvement 3
Sensory disturbances

Spinothalamic tract involvement 2
Cerebellovestibular disturbances 0
Lower cranial nerve palsy 0
Sphincter disturbances 0
Respiratory involvements 0
Neck tilt, low hair line, short neck 4
Thenar/hypothenar muscle wasting 1

Up to 6 1

7-12 1
Duration of symptoms (in months)

13-24 2

> 25 1

Congenital AAD was the most common congenital
CVJ anomaly. Other common congenital CV] anomalies
are given in Table 2.

In preoperative period, all patients were classified
as having poor Nurick grades and low mJOA scores. In
the postoperative period, all patients had improved in
Nurick and m-JOA grading as compared with preoperative
scores. (Table 3).

In the postoperative period, there was a significant
shortening of distance of the odontoid process above the

http://theunj.org

defined craniometric lines. Radiologically, a significant
decrease in the ADI was observed postoperatively.
Preoperatively, clivus canal angle was more acute as
compare to the postoperative period (Table 4). Both, the
decrease in ADI and the increase in clivus canal angle,
suggest a reduction in the ventral compression of the
cord postoperatively.

Various radiological craniometric lines were
calculated. Some of examples are given in the image
below (Fig. 5, Fig. 6).
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Table 2. Distribution of congenital anomaly
Congenital anomaly Number
Atlantoaxial dislocation 5
Basilar invagination 4
Chiari malformation 2
Assimilation of atlas 4
Unilateral deficient posterior arch of atlas 0
Block vertebrae 1
Klippel-Feil syndrome 0
Platybasia 0
Table 3. Associated radiological anomalies, surgery performed, clinical outcomes
Nurick grading m-JOA grading
No Age Sex Radiology Surgery
pre-op post-op pre-op post-op
1 29 F C1A,Syr Oc- C2-3-4 4 1 14 16
2 57 M C1A Oc-C2-3-4 3 0 15 17
3 52 F C1A,Syr Oc-C2-3-4 4 2 11 10
4 11 M C1A Oc-C2 4 2 10 14
5 61 F C1A C1-C2 4 1 15 18
Notes. M=male; F=female; C1A=C1 arch assimilated with occiput; CINA=C1 arch not assimilated with
occiput; Ch=Chiari malformation; Syr=syringomyelia; Oc-C2= occipito-C2 distractive compressive
reduction performed; C1/C2=C1 and C2 distractive compressive reduction performed; preop=preoperative;
postop=postoperative, Syr=syringomyelia
Table 4. Pre- and postoperative radiological findings
. ADI CL (Normal = ML (Normal = | WL (Normal = CCA RL (Normal =
g rmm 2.3+2.6 mm) | 5.8+1.6 mm) | 0.9+2.2 mm) | (Normal.150°) | 17+2.6 mm)
>
E 6 ﬁ o Q Q. o Q o
RIS A S T S O T 2 T O A A A B
©
1 29 F 3.9 2.2 -8.9 3.3 -3.2 4.8 26.4 1 115 155 7 17
2 57 M 2.1 1.8 -7.1 3.8 -3.58 4.5 22.4 1.2 106 130 3 19
3 52 F 3.1 1.4 -9.8 0.2 -4.5 1.2 25.4 1.1 141 135 10 23
4 11 M 5 1 -12.9 3.6 -15.3 1.1 -11.3 1.5 138 156 3.5 23
5 61 F 4 0 -6.1 2.2 -7.4 1.9 -6.5 -1.2 116 134 9 20

Notes. ADI, atlantodental interval; CL, Chamberlain line; ML, McRae line; WL, Wackenheim line; CCA, clivus
canal angle; RL, modified Ranawat line; M, male; F, female; preop, preoperative; postop, postoperative.

Negative value indicates that the dens is placed above this line.
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Fig. 5. A - pre-op and post op clivus canal angle
B - pre and post op chamberlain line
C - pre and post op McRae line

http://theunj.org
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Fig. 6. A - pre and post op clivus canal angle
B - pre and post op McRae line
C - pre and post op Chamberlain line

Discussion

The main objectives of surgery in CV] anomalies are
to alleviate compression and stabilize the CVJ. In most
cases, both of these goals can be effectively achieved
through a single posterior midline approach. While
posterior approaches have gained popularity due to
lower morbidity and improved instrumentation, ventral
decompression techniques remain crucial in managing
rigid anatomical constraints and severe ventral cord
compression.
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Previously, semi-rigid wire and loop fixation devices
were used for stabilization [7]. However, recent studies
have shown that rigid screw fixation provides superior
results [8, 9].

Atlantoaxial dislocation (AAD) and basilar
invagination (BI) are complex conditions that lead
to progressive cervicomedullary compression and
neurological deficits. The primary goal of treatment is
to alleviate compression, provide adequate stability, and
correct any deformities. These congenital anomalies

http://theunj.org
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typically cannot be reduced using cervical traction with
dynamic X-rays. Most cases are associated with atlas
assimilation to the occiput. Notably, most of our patients
had irreducible AAD and BI. Traditionally, BI with AAD
was managed through an anterior transoral approach
to remove the odontoid process, followed by posterior
instrumented fixation.

The common clinical presentations in our study
were neck pain, motor weakness, sensory disturbances,
restricted neck motion. A study done by Goel has similar
presentations except lower number of cases presenting
with cerebellovestibular disturbances and respiratory
involvement [10]. The differences may be due to less
number of cases in our study.

Goel compared the ADI preoperatively and
postoperatively and achieved a satisfactory decrease
in ADI in more than 80% of the patients [10]. In our
study, we also attained a satisfactory decrease in ADI
in all cases.

After fixation, the bone fusion rate of CVJ anomalies
has been reported to be highly successful (75-100%)
as described by previous studies regardless of fixation
material used and underlying pathologies [11, 12]. In
our study, 6 months after surgery solid bone fusion
was achieved in all cases, this is comparable to other
studies. Excellent results have been reported by Grob et
al (100%) and Wertheim et al (100%) [13, 14].

Complications such as dural tear was noted in one
case. Intraoperative verterbral artery rupture, wound
infection had occurred in one case in our study.

Distraction, compression, extension, and
reduction. Chandra et al [15, 16] described an
innovative technique for reducing BI with AAD via a
single-stage posterior approach. This approach avoids
the need for an anterior transoral procedure and involves
both the use of an interarticular spacer to distract the
C1-C2 joints and the application of horizontal occipito-
cervical manipulation to address the CVJ] deformity
secondary to AAD. The technique is especially suited for
cases where C1 is fused with the occiput.

Non-reducible basilar invagination is classified into
three types based on the sagittal inclination (SI) angle,
which is the angle between a line parallel to the axis of
the odontoid process (tangential to its posterior border)
and a line parallel to the C1-C2 joint surface. The normal
range of the SI angle is 87.15 £ 5.65°. The classification
is as follows: type I for SI angles <100°, Type II for
100-160°, and Type III for >160°. Chandra et al. advised
particular surgical interventions for each type, and
further details can be found in their manuscript.:

Type I: DCER

Type II: Joint remodeling+DCER

Type III: Extra-articular distraction+DCER

Two main approaches have emerged for the
management of non-reducible BI and AAD:

1. Posterior decompression and reduction with
occipitocervical fixation.

2. The DCER procedure that includes the application
of a C1-C2 facet joint spacer.

Both recent methods resulted in complete fusion.
The techniques including the C1-C2 joint spacer and
vertical reduction yielded significantly better outcomes in

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

terms of index correction and reduction rates. Although
it is difficult to compare major complications in detail
due to the limited number of cases, vertebral artery
injury was the most serious complication reported in
both techniques, with a slightly higher incidence in DCER
procedures. In accordance with current literature and
the findings from Chandra et al., we successfully applied
the DCER technique for the first time at our institution
to treat individuals with BI and AAD.

Ventral decompression techniques in
irreducible BI and AAD:

When dealing with fixed deformities and non-reducible
basilar invagination (BI) or atlantoaxial dislocation (AAD),
direct anterior decompression is often required to relieve
pressure on the brainstem and upper cervical spinal
cord. In such cases, the transoral odontoidectomy,
as described and popularized by Alan Crockard and
colleagues, remains the gold standard for direct ventral
decompression [17-19].

Crockard’s work laid the foundation for modern
transoral approaches, particularly in patients with
significant ventral compression due to an upwardly
displaced odontoid process. His studies demonstrated
that transoral odontoidectomy allows for safe and
effective removal of the odontoid process through
an intraoral route, thereby relieving ventral pressure
without the need for extensive brain retraction or dural
manipulation [17]. This approach is especially beneficial
in cases where the sagittal inclination (SI) angle exceeds
160° (Type III deformity), making posterior reduction
inadequate or impossible.

Combined anterior-posterior approach:
Crockard’s legacy. One of the most important
contributions of Alan Crockard to CVJ surgery was his
advocacy for a combined anterior-posterior approach —
particularly in complex cases involving irreducible BI and
AAD. He emphasized that while anterior decompression
addresses the immediate threat to neural structures,
posterior stabilization provides the biomechanical
support necessary for durable outcomes.

In his seminal work, Crockard described a two-stage
procedure:

1. Anterior transoral odontoidectomy to remove the
offending bony structure causing ventral compression

2. Posterior occipitocervical or C1-C2 fixation
to stabilize the CV] and maintain alignment
post-decompression

This combined strategy has since become the
benchmark for managing severe, non-reducible CVJ]
pathologies, especially in the context of congenital
anomalies, rheumatoid arthritis, and post-traumatic
instability.

Comparison with Posterior Approaches:

While anterior decompression remains the gold
standard in certain scenarios, posterior-only approaches
have shown promising results in carefully selected
patients. As highlighted by Goel and Chandra et al.,
patients with reducible or semi-reducible BI and AAD can
achieve satisfactory outcomes using posterior fixation
alone, avoiding the morbidity associated with transoral
surgery [10, 15, 16].
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In our series, we observed satisfactory clinical and
radiological outcomes following posterior decompression
and fixation without anterior exposure. Our findings
align with those of Goel and Chandra et al., who have
demonstrated that carefully selected patients with
reducible or semi-reducible BI and AAD can benefit
from posterior-only strategies [10, 15, 16]. Specifically,
we noted a consistent reduction in the atlantodental
interval (ADI) and improvement in clivus-canal angles
postoperatively, indicating effective reduction and
decompression of the cervicomedullary junction.

As highlighted by Crockard and others, ventral
compression in the presence of rigid anatomical
constraints or severe fixed deformities often necessitates
anterior decompression to avoid catastrophic
complications such as tetraplegia or respiratory
compromise [17, 18]. Therefore, preoperative imaging—
particularly dynamic MRI and CT angiography—is
essential to assess reducibility, vertebral artery course,
and the degree of ventral cord compression.

Although, the anterior transoral approach remains
the gold standard for definitive ventral decompression
in non-reducible BI with AAD, our experience suggests
that selected patients with certain morphological
characteristics may benefit from a posterior-only strategy.
Meticulous patient selection, accurate radiological
assessment, and intraoperative neuromonitoring are
imperative to ensure safe and effective outcomes.

Future studies with larger cohorts and comparative
analyses between anterior and posterior approaches
are warranted to further refine surgical indications and
optimize patient care.

Conclusion

We noted satisfactory clinical improvement and
vertical reduction. Congenital CV]J anomalies were
the most common lesions found. The majority of
patients presented with neck pain, motor weakness,
and sensory deficits. Favorable outcomes, both
clinically and radiologically, were seen in most cases.
Proper preoperative evaluation and careful selection
of individualized surgical techniques are crucial for
minimizing complications. Our case series supports the
use only posterior fixation without anterior exposure in
patients with reducible or semi-reducible anomalies. The
findings of this study may be subject to revision in the
future with a more streamlined, single-stage approach,
given the small sample size and potential selection bias.
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KpaHio-BepTebpanbHuii nepexig (KBIM) Biairpae knto4yoBy ponb y ctabinizauii Ta
3abe3mneyeHHi pyx/IMBOCTI B MeXax KpaHiocniHanbHOI OCi.

MeTa: BMBUMTU KNiHIYHI 1 PaAionoriyHi XapakTepuUCTUKK Ta XipyprivHi pesynbrtatu
B nauieHTiB 3 aHoManismMun KBI.

Martepianu i meToau. [lpoBeaeHO peTPOCNEKTUBHMI aHani3 5 Bunaakis aHoManin
KB, npoonepoBaHux y nikapHi Sardar Vallabhbhai Patel (Axmepa6aa, N'yaxapar,
IHais). MNMpoaHanizoBaHO KIiHIYHI XapakTepuCTUKW, paaionoriyHi napamMeTpu Ta
XipypriyHi BTpyYaHHs. KniHiYHWIA i paaionoriyHMin ctatyc nauieHTiB ouiHoBanu
[0 Ta nicng onepauii, nig Yac BUNUCKM N yepe3 6 Mic. [Ansg KAiHIYHOI OuiHKK
BuKopucTtoByBanu wkany Nurick i MogndikoBaHy WwKany AnoHCbKOi opToneanyHoT
acouiauii (mJOA). PaaionoriyHy OUiHKY NpOBOAMAM 3a@ aTNaHTOAEHTaNbHUM
iHTepBanom (ADI), kpaHiobazanbHUM KYTOM i KPaHIOMETPUYHUMU NIHIAMN.

Pe3synbtatn. Y 6inblIOCTI NaUieHTIB OCHOBHOW ckaproto 6ys 6inb y wwui, apyre
Micue nocifana mM’a3oBa cnabkiCcTb, CEHCOPHI MOpPYLWEHHA Tpannsnucs piako.
HaruacTiwoto aHomanieto KBl 6yna Bpoa)keHa aTnaHToakcianbHa Auciokauis.
KniHiyHoO nicna onepauii BiA3Ha4yeHO CyTTEBE MoninweHHa 3a wkanot Nurick i
mJOA. PagionoriyHi NoOKa3HWKW 3aCBiAYNNMN 3MEHLUEHHS aTNaHTOAEHTaIbHOro
iHTepBany, MeHLW rocTpuUi KyT KJIMBYC-KaHasny Ta ONyWeHHS OAOHTOIAHOIO
BiApOCTKa B NicisionepauiiHnii nepioa. Yci nauieHT Manu CnpusaTAnBi pesynbtatu
nikyBaHHA. Bunagkie cMepTi BMPOAOBX POKY He 3apeecTpoBaHO. YCi nauieHTwn
6ynu ctabinbHnmu.

BUCHOBKU. CrpusTnnMBux pesynbTaTiB AOCATHYTO 3aBASKWU 3a4HiN dikcauii 6e3
nepeaHbOro AoCTyny Yy BiAibpaHMX NauieHTIB. 3anopyKo OTPUMAHHS BiAMIHHUX
KNiHIYHUX | pagioNnoriyHnMx pe3ynbTaTiB i3 MiHiMaIbHO KiNbKiCT yCKNaAHEHb 6ynn
peTesibHa AoonepaLiliHa OLliHKa, CBOEYACHEe XipypriyHe BTPyYaHHA Ta NpaBuIbHUN
BMOGIip iHAMBIAYani3oBaHOI XipypriyHoOi TEXHIKK.

KnrouoBi cnoBa: kpaHio-BepTebpasibHuii nepexia,; XipypridyHi pe3yastat,; KaiHidHi
pe3ynbTaTtu; padiosoriyHi pe3ysibtatu, cepis KAiHIYHUX BUNaaKkis
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Low temporal muscle thickness is an independent poor prognostic factor
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Objective: The aim of this Bulgarian study was to determine the impact
of temporal muscle thickness (TMT), a prognostic factor for sarcopenia, in
patients with brain metastases (BMs) treated with radiosurgery.

Methods: A retrospective analysis was conducted using TMT values from
planning brain magnetic resonance imaging (MRI) studies for 232 patients
diagnosed with brain metastases originating from various histological solid
tumors. These measurements were taken prior to their initial radiosurgery
procedure, conducted between January 2021 and December 2022. The total
TMT for both the left and right sides was calculated by summing them and
then dividing by two to determine the average TMT. The cut-off value was
determined for TMT based on the median of the measured values among
all participants. Additionally, sarcopenia was assessed as an independent
prognostic factor through Cox regression models that accounted for other
relevant prognostic variables.

Results: In sarcopenia patients with a TMT below the cut-off values, specifically
the median TMT (5.42 mm), the risk of death was significantly increased (HR =
6.310, 95% CI: 4.161-9.568, p < 0.001). In addition, sarcopenia was revealed
to be an independent prognostic factor even after adjusting for gender, number
of BMs, cancer type, and ECOG Performance Status (HR = 5.757, 95% CI:
3.717-8.915, p < 0.001). Patients with sarcopenia had a significantly shorter
mean OS (5.46 months, 95% CI = 5.00-5.91) compared to those without
sarcopenia (23.40 months, 95% CI = 20.62-26.18) (log-rank test P < 0.001).
Conclusions: In patients with BMs treated with radiosurgery, TMT from

planning MRI studies serves as an independent prognostic marker and may
help with patient stratification in future clinical trials.

Keywords: sarcopenia; temporal muscle thickness; radiosurgery; brain
metastases

Introduction

function requires additional examinations, which may

Primary brain tumors and metastatic brain
lesions from various extracranial malignancies are
both classified as types of brain cancer [1]. Despite
the implementation of comprehensive treatment
strategies—including surgery, radiation therapy, and
systemic chemotherapy, the rate of morbidity and
mortality remains high. The median overall survival
(0S) for these patients is about 12 months [2]. Various
factors—such as age, Eastern Cooperative Oncology
Group (ECOG) performance status (PS), tumor
location and size, along with molecular and histological
features—can serve as prognostic indicators [3]. In
individuals diagnosed with brain tumors, evaluations
related to sarcopenia and skeletal muscle mass
may enhance prognostic predictions and help refine
treatment plans.

Sarcopenia is a progressive and generalized loss of
skeletal muscle mass and strength [4], and it has been
identified as a prognostic factor in several extracranial
cancer types [5-7]. Assessing skeletal muscle mass and

result in increased radiation exposure, healthcare costs,
and/or a prolonged hospital stay.

Skeletal muscle mass is most often calculated from
the volume of the third lumbar vertebrae musculature on
cross-sectional abdominal computed tomography (CT)
imaging [8-9]. In the case of brain tumors, radiologic
images of the abdomen are not routinely available. To
address this limitation, researchers have introduced
the temporal muscle thickness (TMT), measured on
magnetic resonance imaging (MRI), as a novel surrogate
biomarker of muscle mass [10-11]. In clinical settings
cranial MRI is routinely performed on patients with
brain tumors. Researchers have proposed measuring
TMT as an alternative method to evaluate muscle mass
and identify sarcopenia in patients with brain tumors.
There is no universally used threshold for determining
low muscle mass.

The aim of this Bulgarian study was to ascertain
whether TMT is an independent prognostic factor for
overall survival (OS) in patients with brain metastases.
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Materials and Methods

Patient selection

In this retrospective study conducted in Bulgaria, we
evaluated 232 patients diagnosed with brain metastases
who received radiosurgery between January 2021 to
December 2022. Institutional records were reviewed
to obtain demographic, pathological, radiological, and
treatment-related information. The procedure was
approved by the scientific research ethics committee
of the hospital.

The eligibility criteria were established as follows:

1) A primary tumor diagnosis confirmed by
pathology.

2) Confirmation of brain metastasis through magnetic
resonance imaging (MRI) by blinded neuroradiologists.

3) Patients who are inoperable.

4) No prior history of brain radiotherapy or surgery.

5) Individuals must be over 18 years old.

6) An Eastern Cooperative Oncology Group (ECOG)
performance status (PS) ranging from 0 to 2.

The TMT measurements were performed by blinded
specialists (neuroradiologists). However, patients lacking
survival data or those with a history of primary brain
tumors before the onset of brain metastasis were
excluded from the analysis.

Temporal Muscle Thickness (TMT)

The day prior to radiosurgery, the TMT was assessed
using a 1 mm axial slice from contrast-enhanced
T1-weighted MRI. The axial plane of the MRI was aligned
parallel to the line connecting the anterior and posterior
commissures. Anatomical landmarks including the
Sylvian fissure (in an anterior-posterior orientation) and
the orbital roof (in a cranio-caudal direction), were used
to create a perpendicular reference line relative to the
long axis of the temporal muscle. The mean TMT value
was calculated as the average of bilateral measurements.
The cut-off value for TMT was established as the median
measurement among all patients included in this
study [12-14].

Statistical design and analysis

Data was processed and analyzed with IBM SPSS
Statistics software version 23. The demographic
details were presented as frequencies and
percentages for categorical variables, while medians
and means, accompanied by standard deviations,
represented quantitative variables. To compare and
assess the relationships between TMT and various
clinicopathological characteristics of patients —
including age, gender, tumor volume, and hematologic
inflammation markers—the x2 test was employed. The
diagnostic performance of biomarkers was evaluated by
calculating the maximum area under the curve (AUC)
from receiver operating characteristic curve analysis.
AUC values were classified as follows: = 0.9 were
considered excellent; = 0.80 good; > 0.7 fair, whereas
values below 0.70 indicated poor accuracy. Survival
curves based on treatment response were estimated
using the Kaplan-Meier method, with differences tested
through the log-rank test methodology. Additionally,
multinomial logistic regression analyses were conducted
to determine how TMT influenced treatment responses.
Two-tailed p-values < 0.05 were considered statistically
significant.

http://theunj.org
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Ethical approval

All procedures conducted in studies involving human
participants adhered to the ethical guidelines established
by the relevant institutional and/or national research
committees, as well as the 1964 Declaration of Helsinki,
along with its subsequent amendments or equivalent
ethical standards. Approval was secured from the local
ethics committee.

Results

Baseline characteristics and their relationship
with temporal muscle thickness (TMT)

This single-center retrospective study included
232 patients with brain metastases (133 males and
99 females) receiving radiosurgery treatment. At the
time of diagnosis, the mean age of the patients was
63 = 10.1 years. The primary tumors included 122
non-small cell lung cancers (NSCLC), 22 small cell lung
cancers (SCLC), 30 breast cancers, 29 melanomas, 12
renal cancers, and 18 gastrointestinal (GI) cancers.
The number of patients with brainstem metastases
was 63, and those with brain edema were 129. After
radiosurgery, 39 patients developed brain progression.
The aforementioned cut-off value of TMT was used as the
median TMT value (5.42 mm) for the included patients.
Low TMT was observed in 56.5% of those patients, and
high TMT was observed in 43.5%. Clinical characteristics
of the patients and their relationship with TMT were
summarized in Table 1.

A Chi-squared analysis was performed to assess
associations between the levels of TMT and the
clinicopathological characteristics of the patients. The
age of the patients at diagnosis (p=0.148) and the
number of metastases (p=0.147) did not correlate with
the TMT levels (Table 1). There were no significant
differences between the values of PLR, SII, and TMT
(Table 1). However, the levels of TMT were significantly
related to gender (p=0.008), ECOG (PS) (p<0.001),
cancer type (p = 0.022), tumor volume (p<0.001),
brainstem metastases (p=0.002), brain edema
(p<0.001), NLR (p=0.024), and brain progression
(p<0.001) (Table 1).

Clinical outcomes and prognostic role of the
T™MT

The median duration of the follow-up was 32 months.
Patients with sarcopenia had a significantly shorter
mean OS than those without sarcopenia (log-rank test
p<0.001). (Fig. 1).

In a univariate Cox regression analysis, high levels of
TMT were associated with longer OS (HR = 6.310, 95%
CI: 4.161-9.568, p<0.001; Table 2). The multivariate
analysis confirmed this association (HR = 5.757, 95%
CI: 3.717-8.915, p=0.001; Table 2).

TMT as a non-invasive biomarker for the discrimination
between patients with or without sarcopenia

A receiver operating characteristic (ROC) curve
analysis was conducted to investigate the predictive
capacity of TMT as a non-invasive biomarker for
distinguishing between responders and non-responders.
At the established optimal cut-off value for TMT, this
biomarker was able to effectively distinguish between
these groups, achieving a sensitivity of 84.1% and a
specificity of 73.6% (Fig. 2).
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Table 1. Relationship between the baseline clinicopathological characteristics of patients and temporalis

muscle thickness (TMT)

Characteristics TMT< median (n=131) TMT>median n=101 p-value
Age 0.148
<63y 64 (27.6%) 59 (25.4%)
>63y 67 (28.9%) 42 (18.1%)
Gender 0.008
Male 85 (36.6%) 48 (20.7%)
Female 46 (19.8%) 53 (22.9%)
ECOG (PS) <0.001
0 36 (15.5%) 55 (23.7%)
1 63 (27.2%) 39 (16.8%)
2 32 (13.8%) 7 (3.0%)
Cancer type 0.022
NSCLC 74 (31.8%) 47 (20.3%)
SCLC 14 (6.0%) 8 (3.5%)
Breast cancer 8 (3.4%) 22 (9.5%)
Melanoma 16 (6.9%) 13 (5.6%)
Renal cancer 7 (3.0%) 5 (2.2%)
Gl 12 (5.2%) 6 (2.6%)
Tumor volume <0.001
<median 50 (21.5%) 66 (28.4%)
>median 81 (35.0%) 35 (15.1%)
Number metastasis 0.147
<3 77 (33.2%) 69 (29.7%)
4-9 35 (15.1%) 25 (10.8%)
>10 19 (8.2%) 7 (3.0%)
Brainstem metastasis 0.002
Yes 46 (19.8%) 17 (7.4%)
No 85 (36.6%) 84 (36.2%)
Brain edema <0.001
Yes 90 (38.8%) 39 (16.8%)
No 41 (17.7%) 62 (26.7%)
NLR 0.024
<median 57 (24.7%) 59 (25.4%)
>median 74 (31.8%) 42 (18.1%)
PLR 0.691
<median 67 (28.9%) 49 (21.1%)
>median 64 (27.6%) 52 (22.4%)
SII 0.659
<600x109 cells/L 25 (10.8%) 17 (7.4%)
>600x109 cells/L 106 (45.6%) 84 (36.2%)
Brain progression <0.001
Yes 11 (4.8%) 28 (12.1%)
No 120 (51.7%) 73 (31.4%)
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Fig. 1. Kaplan—Meier estimates of overall survival (OS) in patients with sarcopenia and
non-sarcopenia. Patients with TMT < median had a significantly shorter mean OS than
patients with TMT > median

Table 2. Results of the Cox regression analysis for predicting overall survival

Univariate Analysis Multivariate Analysis

Variable Hl?aztai;d 959%ClI p-value Hraazt?;d 99%CI p-value
T dian vs. >median 6.310 4.161-9.568 <0.001 5.757 3.717-8.915 | <0.001
gggy_ vs >63y. 0.793 0.582-1.079 0.140
ﬁg'l‘:s; Female 1.387 1.009-1.906 0.044 1.030 0.743-1.427 | 0.861
550C hd 2 0.538 0.386-750 <0.001 0.833 0.524-1.324 | 0.439
Nymber metastasis 0.700 0.512-0.957 0.025 0.778 0.544-1.112 | 0.168
grainstem metastasis 1.703 1.220-2.378 0.002 1.237 0.856-1.789 | 0.258
Tumor volume . 1.569 1.149-2.143 0.005 1.096 0.738-1.628 | 0.649
egzi")s‘_*ﬁ'foma 1.926 1.395-2.660 <0.001 1.247 0.863-1.801 | 0.240
NLR dian vs >median 0.678 0.497-0.924 0.014 0.822 0.599-1.126 | 0.222
PLR dian vs >median 0.987 0.725-1.342 0.932
SII
<600x109 cells/L vs 1.038 0.686-1.571 0.860
>600x109 cells/L
ﬁg’éﬁr‘fg%‘:her type 1.211 0.889-1.650 0.225
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Fig. 2. ROC analysis demonstrates the predictive capacity of TMT as a non-invasive
biomarker in responders and non-responders (AUC = 0.827, 95% CI: 0.770-0.884;
p < 0.001), achieving a sensitivity of 84.1% and a specificity of 73.6%.

Discussion

This research aimed to explore the predictive
significance of TMT assessed through standard MRI
scans of the brain in individuals with brain metastases,
conducted on the day prior to initiating radiosurgery.
We focused on patient groups from prevalent tumor
types known for central nervous system dissemination
and included only those patients who had complete
clinical follow-up data. Our findings revealed a robust
association between initial TMT levels and patient
outcomes within this cohort. Notably, this relationship
remained significant regardless of established prognostic
indicators. Therefore, we believe that measuring TMT
can enhance survival predictions for patients with
brain metastases in clinical practice and may facilitate
better patient selection and stratification during clinical
trials. Various factors such as age, heterogeneity of the
different primary tumors, and exclusion of patients due
to loss of follow-up were the main limitations of this
retrospective single-center study.

The gold standard for evaluating sarcopenia includes
not only the loss of skeletal muscle mass but also the
decline in muscle function, such as gait speed and grip
strength, according to the European Working Group on
Sarcopenia in Older People (EWGSOP) [4], EWGSOP2
[15], and the Asian Working Group for Sarcopenia
[16]. However, measuring muscle functions such as
grip strength and gait speed sometimes cannot be
accomplished because patients with brain tumors often
have problems with motor proficiency or a decrease in
muscle strength due to the neuromuscular dysfunction
caused by the brain tumor itself [17].

MRI is the gold standard for the non-invasive
assessment of muscle mass [18]. Patients with
cancer commonly use CT images of the third lumbar
vertebra (L3) to measure skeletal muscle mass, which
significantly correlates with whole-body muscle and
predicts prognosis [19]. A meta-analysis of 38 studies
demonstrated that sarcopenia obtained from CT imaging
is associated with worse survival in patients with
extracranial solid tumors [9]. However, for brain tumors,
using lumbar paravertebral muscles to calculate skeletal
muscle is not feasible in clinical settings.

Routinely performed cranial imaging allows for full
delineation of the temporal muscle, which is preferable
for estimating muscle mass loss. Its thickness remains
unaffected by muscular edema or radiation-related
atrophy, only by oral disease or previous surgery.
Regular cranial MRIs in patients with brain tumors
allow for monitoring the TMT skeletal muscle status
throughout the disease course. Therefore, we can use
TMT to evaluate the musculoskeletal condition of these
patients [20]. Several studies have demonstrated an
excellent correlation between TMT and total skeletal
muscle mass [16, 21].

In comparison to the plane or volume of muscle
segmentation, TMT measurement on MRIs takes
approximately 30 seconds per patient [10, 12, 22].
Therefore, we believe that TMT assessment, once
validated in a prospective setting, could serve as a
suitable parameter for integration into the clinical
workflow.

Our research did not investigate the specific
pathobiology associated with atrophy of the temporal
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muscles; however, we believe this condition likely
indicates a broader cancer-related sarcopenic syndrome.
Supporting this idea, prior research [20] has shown a
significant correlation between skeletal muscle mass and
TMT measurements. While corticosteroids are known to
lead to considerable muscle loss over time due to their
side effects, they are often prescribed by physicians
for managing symptomatic brain edema in patients
diagnosed with brain metastases. In our investigation,
baseline TMT was measured before commencing
radiosurgery treatment, which minimizes the chance of
extended corticosteroid exposure among participants.

Correlations with various patient characteristics
were conducted, and the results of these analyses
indicate that the TMT measurement offers insights
not captured by other clinical parameters. Initially, we
observed a weak inverse correlation between TMT and
patient age. This suggests that assessing sarcopenia
as an indicator of a patient's physical condition may
provide more valuable information for clinical decision-
making than relying solely on chronological age [23].
The variation in median TMT across different cancer
types within the patient cohort could be attributed to
differences in gender predominance.

Furthermore, recognizing the link between sarcopenia
and cancer could encourage additional research and
lead to new therapeutic targets. Interventions such
as nutritional support, including omega-3 fatty acids,
exercise training, or pharmacological strategies like
myostatin inhibitors, could potentially aid in preventing
muscle loss [12, 24-26]. Consequently, integrating
muscle mass assessment into standard clinical practice
for cancer patients is crucial; this allows for the early
detection of muscle mass decline enabling prompt
implementations to prevent or slow down its progression.
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MeTa: BM3HauuMTM BMNJNB TOBWMWHU CKpOHeBOro m’'ssa (TCM), wo €
MPOrHOCTUYHMM YMHHMKOM CapKOMeHii, y NauieHTIB i3 MeTacTa3aMu B rOJIOBHUM
MO30K, SIKi OTPUMYIOTb pajioXipypriyHe NikyBaHHS.

MaTepianu i MeToan. lNpoBeaeHO peTpoCneKTUBHUI aHani3 3HavyeHb TCM
3a AaHWUMU MJIAHOBUX MarHiTHO-pe30HaHCHUX ToMorpadiin ronoBHOro MO3Ky
232 nauieHTiB i3 AiarHOCTOBAHMMM MeTacTasaMu B FOJIOBHUI MO30K pPi3HOro
riCTONIOriYHOro MNOXOAXEHHS Bif COMIAHMX MYXJIMH. BUMiptoBaHHA BUKOHYBasn
[0 NpoBeAeHHS NepBUHHOI paaioXipyprii B nepiog i3 ciyHa 2021 p. Ao rpyaHs
2022 p. CepepHe 3aranbHe 3Ha4yeHHs TCM BM3Hayanu Wiasixom nNiaCyMOBYBaHHS
NoKa3HMKIiB ANa NiBoro Ta npasoro 6oky Ta AineHHs Ha ABa. [oporose
3HayeHHA TCM yCTaHOB/IEHO Ha OCHOBI MeJiaHN NOKAa3HWUKIB YCiX YYaCHMUKIB.
[MpoBeAeHO OUiIHKY CapKOMeHii K He3aneXHoro NMPOrHOCTUYHOrO0 YMHHWMKA
3a gonomorot Mogeni perpecii Kokca 3 ypaxyBaHHAM iHWWUX peneBaHTHUX
MPOrHOCTUYHUX 3MIHHUX.

Pe3ynbTaTtn. Y nauieHTiB i3 capkoneHielo Ta TCM Hux4e 3a noporose
3HayeHHs, a came Megiaun TCM (5,42 MM), pu3MK cMepTi 6yB 3HAUYHO BULLUM
(BiaHOWeHHSA pusukis (BP) — 6,310, 95% posipuuii intepsan (4I) - 4,161-9,568,
p<0,001). CapkoneHia BUSBUIACHA HE3aNEXHUM MPOrHOCTUYHUM YNHHUKOM
HaBiTb MiCNS9 KOpekLuii 3a CTaTT, KiNbKIiCTIO MeTacTasiB y rOJIOBHUA MO30K,
TUMNOM paKy Ta WKanow @yHKuUioHanbHoro ctatycy ECOG (BP - 5,757, 95%
AOI - 3,717-8,915, p<0,001). MauieHTn i3 CapKONEHIED Mann 3HAYHO MEHLUY
cepefHio 3aranbHy BuUxumBaHicTb (5,46 mic, 95% AI - 5,00-5,91), Hix nauieHTn
6e3 capkoneHii (23,40 mic, 95% AI - 20,62-26,18, log-rank test, p<0,001).

BMUCHOBKM. Y Naui€eHTiB i3 MeTacTazaMn B FOJIOBHUI MO30K, SIKi OTPUMYIOTb
paaioxipyprivyHe nikyBaHHsi, TCM € He3aneXXHUM NPOrHOCTUYHMM MapKepoM, Lo
MOoXe 6y TV KOPUCHUM ANst cTpaTUdikauii mauieHTiB y KAiHIYHUX AOCNiIAXKEHHSIX.

KnrwuoBi cnoBa: capkorneHisi; TOBLMHA CKPOHEBOIro M’s3a; paaioxipypris;
MeTacTasu B roJI0BHUI MO30K
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narepodnekcii

O.C. HexnonouuH *, B.B. Bep6oB ?, €.B. HYewyk 2, M.B. Bopoai ?, M.lO. KapniHcbkunii 3, O.B. Specbko 3

L BigAineHHs naTtosorii CMMHHOro
MO3KY, IHCTUTYT Helpoxipyprii
iMeHi akaa. A.M. PomogaHosa HAMH
Ykpainu, Kuis, YkpaiHa

2 BigaineHHs BiAHOBNOBANbHOI
Herpoxipyprii, IHCTUTYT
Helpoxipyprii iMeHi akaa. A.M.
PomognaHosa HAMH Ykpainun, Kuis,
YKpaiHa

3NabopaTtopis 6iomexaHiku, IHCTUTYT
naTtonorii xpebta Ta cyrnobis iMeHi
npod. M.I. CuteHka HAMH Ykpainu,
Xapkis, YkpaiHa

Hagiviwna go pegakuii 27.05.2025
lMpwniinsTa Ao nyb6nikayii 21.07.2025

Apapeca Aana NUCTyBaHHA:
HexnonounH Onekciii CepriioBund,
PhD, BigaineHHs natonorii CMMHHOro
MO3KY, IHCTUTYT Heripoxipyprii

imeHi akaa. A.l. PomogaHoBa, ByIl.
lnatoHa Mavibopoan, 32, Kuis,
04050, YkpaiHa, e-mail: AlexeyNS@
gmail.com

BnbyxoBi nepenomu rpygo-nonepekosoro nepexoay (Thi0-L2) yacTo
TpannstoTbCs Ta CYyNpOBOAXYOTbCS BUCOKUM PU3NKOM HEBPOJIOMiYHUX
ycknaaHeHb. TpaHcneaukynspHa dikcauis € oagHUM i3 HanedEeKTUBHILINX
MeToAiB NiKyBaHHS, ane onTuManbHU BUGiIp KOH@Irypauii 3anmwaeTbcs
aKTyallbHUM MUTAHHAM.

MerTa: npoBecTu aHani3 Hanpy>XeHo-A4e(dOpPMOBAHOr0 CTaHy Pi3HMX BapiaHTIB
KOPOTKOCErMeHTHOI TpaHCcneaAnKynsapHoi dikcauii npn BMbyXxoBoMy nepesnoMi
xpebus Th12 B ymoBax natepodnekcii (biyHnn Haxun).

MaTepianu i meTtoan. NobynoBaHO CKiHYEHHO-E€/IEMEHTHY MOAE/b CerMeHTa
Th9-L5 3 imiTauieto Bubyxosoro nepenomy xpebus Th12. Po3rnsiHyTo 4oTmpun
BapiaHTW TpaHCneAnKynsapHOi dikcauii: Mogenb 1 — KOPOTKi FBUHTWU B Tina
xpebuis Thll ta L1 (6e3 npoMixHMX), MOAENb 2 — AOBTi FBUHTKX B Tina xpebuis
Thll i L1 (6e3 npoMixHWUX), MOAeNb 3 — KOPOTKi FBMHTK B Tina xpebuis Thll
Ta L1 i npoMixHi rBuHTU B Tino xpebusa Thl2, mogenb 4 — AOBri rBUHTK B TiNa
xpebuis Thll Ta L1 i npoMmixHi rBuHTM B Tino xpebus Th12. Mogeni ananisysanu
3a gonomoroto nporpamm CosmosM, 3aCTOCOBYHOUM EKBIBA/IEHTHI HANPY>XEHHS
3a Mi3ecoM y 18 KOHTPO/IbHUX TOUYKaX. HaBaHTaxxeHHs iMiTyBano gisionoriyHmin
6iyHmMn Haxun Tynyba.

PesynbtaTtn. Mogeni 3 goBrumMn reuHTamu (2 ta 4) xapakTepusyBanucs
HUXYMMU MAKCUMaANbHUMU HaMNpPyXeHHAMW B 3’€QHYBaNibHUX CTPUXKHAX
(315,5-321,0 Mla) NOpiBHAHO 3 KOPOTKUMWU rBuHTamMun (324,8-324,9 MMa).
[JopaTkoBe BMKOPUCTAHHSA MPOMiIXHUX FBUHTIB (Moaeni 3 i 4) CyTTEBO
3HWXXYBaJ10 Hanpy>eHHs B TpaBMoBaHOMY xpebui Th12 (ao 28%), 3aMmMKanbHUX
NaacTUHKaXxX CyMixkHuMX xpebuis (Ha 18-25%) Ta Toukax BXOAY FBUHTIB Y Ayru
xpebuis (40 28%). HanMeHLWi Hanpy>XeHHA y rBUHTaxX gikcaLii 3apeecTpoBaHo
B MoAeni 3 AOBIrMMW Ta MPOMDKHUMM rBUHTaMn (Ha 38% MeHLe MOopiBHAHO
3 6azoBo Mogennt 1). BnamB NPOMiIXKHUX FBUHTIB Ha Hamnpy>XeHHs B
3'eAHYBaNbHUX CTPUMXKHAX 6yB MiHiManbHUM (6n113bko 1,2%).

BucHoBKM. OnNTuMManbHOW KOHMIirypauielo KOpPpOTKOCErMeHTHOI
TpaHCNeaAuKYNsSpHOI dikcauii € 3aCTOCYBaHHS AOBIUX FBUHTIB Y CYMDKHUX
xpebusax i3 40AaTKOBOK MPOMIXKHOK (ikcauielo B TpaBMOBaHOMY xpebui
(Mogenb 4). Takui nigxia 3abesnevye Hamkpalwuii po3noainl HaBaHTaXeHb,
3HUXYE PU3NK HECMPOMOXHOCTI KOHCTPYKLIii Ta Aa€ 3Mory 36epertun pyxmBicTb
CYMDKHUX CermMeHTiB. [JoBri FBUHTY MOAIMNLWYOTb 3arafabHy XOPCTKICTb CUCTEMU,
a NPOMIXHI FrBUHTN eDeKTUBHO CTabiNi3yOThb YWKOAXKEHUI CErMEHT, CYTTEBO
pPO3BaHTaXYHO4YMN KJIKOYOBI 30HN KOHCTPYKLUIi Ta Npuaernnx cTpykTyp.

KntouoBi cnoBa: BnbyxoBi nepesioMu; rpyAo-rnornepekoBuii nepexia;
TpaHcrneauKkysaspHa ¢ikcalisi;, KOpOTKOCErMEeHTHa CTabinizayisi; CKiH4eHHOo-
e/lIeMeHTHE MOAEJIIOBaHHSI; 1aTePO/IEKCisi; MPOMIXKHI MBUHTU

Bctyn

yacTtuHn nauieHTiB (20-50%) BOHM CYnpoOBOAXYIOTbCSA

TpaBMu rpypao-nonepekosoro nepexoay (IFMmn)
HanexaTb A0 HalNoWMpeHIWnNX yIWKoaXeHb xpebTa. Tak,
6nu3bko 50% Big ycix nepenomis xpebta npunagac Ha
cermeHT Th10-L2 [1].

BiomexaHiuHi ocobnusocTi MM, a came nepexig
BiA BIAHOCHO HEPYXOMOro rpyaHoOro A0 FHy4KilWoro
MONepeKoBOro CErMeHTa, 3yMOBJIOIOTb MOro NiABULLEHY
CXUNBbHICTb A0 TpaBMyBaHHA [2]. Taki MOWKOAXEHHS
MatoTb BUCOKY KJTiHIYHY 3HAUYYLWiCTb, OCKiSIbKM B 3HA4YHOT

HEeBPOJIOTriYHUMU MopyLlweHHaMu [3]. 3 ornaay Ha pu3snk
CMMHHOMO3KOBOT TpaBMW I iHBaniausauii notepninux,
TpaBMu 30HM MM noTpebytoTb 0cob6AMBOI yBarn Ta
CBOEYACHOrO JliKyBaHHS.

Cepepn ywkoaxeHb AingHku [N BuaingoTbcs
BMbyxoBi nepenomu Tin xpebuis. Bubyxosun nepenom
- Ue TAXKWWA BapiaHT TPaBMATUYHOrO YpaXeHHs, 3a
akoro BiabyBaeTbcsa ¢gparmeHTauia Tina xpebusa 3

NopyLWeHHsIM NepeAHboi Ta cepeHboi KOMIOH xpebTa
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peTponynbCi€l0 KiCTKOBUX Yy/laMKiB y CIMHHOMO3KOBUM
kKaHan [4]. Taki nepenoMn BUHWKAITb 3a3Bu4Yyan
yHacnigok BUCOKOEHEPreTUYHUX BMAMBIB (NagiHHS
3 BWUCOTWU, AOPOXHbLO-TPAHCMOPTHa NMpuroga TOLLO)
i HepiAKO NMpu3BOAATbL A0 CTUCHEHHS HEPBOBUX
cTpykTyp [5]. Bubyxosi nepenoMmn MawTb TEHAEHLiIO
[0 nporpecyBaHHs KiboTu4YHOT AedopMaLii Ta pO3BUTKY
HEBPOJOriYHNX YCKNAaAHEHb, TOMY B 6inbLlWOCTi BUNaakis
AouinbHe XxipypriyHe nikyBaHHa - cTabinizauia
xpebTa 3a A4ONOMOrok BHYTPiWHbOI dikcauii Ta 3a
noKasaHHAMK gekoMnpecis xpebToBoro kaHany (npsma
4yum Henpsama) [6, 7].

TpaHcneaukynsapHa dikcauia € 3arafbHONPUAHATUM
MeToAOM XipypridHoi cTabinizauii npn nepenomax
aingHkn NN [8]. IcHYOTb ABi OCHOBHIi TaKTUKWU:
poBrocermeHTHa (dikcauia oxonnwe gBa Xxpebui
abo 6inbwe BuLWeE Ta HUXYE 3@ 30HYy nepenomy) i
KopoTKkocermeHTHa (dikcauis oxonnwe nuwe oANH
xpebeLb BuLLe Ta HUXYe 3a 30HY nepenomy) cTabinizauis
[9]. AoBri KOHCTpPYKUii 3abe3neyuyoTb Kpally No4YaTKOBY
CcTabinbHICTb YWKOAXEHOr0 CerMeHTa 1 HajiriHiwe
3anobiratoTb pO3BMTKY NOCTTpaBMaTMYHOrO Kio3y [10].
OaHak iXHIM HeAoNnikoM € HeobXigHicTb iMMoObGinizauii
3HAYHOI NPOTSXKHOCTI XpebTa, Wo NpM3BOANTbL 40 BTPATKU
PYXJIMBOCTiI 40AATKOBUX CErMEeHTIB i 36inblueHHs ob6csary
XipypriyHoro BTpy4yaHHs [11]. KopoTki KOHCTpyKUii
MEeHLW iHBA3MBHI Ta AaloTb 3MOry 36eperTu pyXxauBiCTb
6inbLloi YacTnHM xpebTa, ane iCTOPMYHO acouilThCs
3 NiABULWEHUM PU3MKOM HECMPOMOXHOCTI dikcauii
(nonomMka CTpuXHiB, Mirpauis abo BMpUBaAHHSA TBUHTIB)
i BTOpUHHOI aedopmauii [12]. 3a gaHuMmu nitepatypw,
npuv TpaauUiNHiIi KOPOTKOCErMeHTHIN dikcauii rpyao-
nonepekoBux BUOYXOBUX MepesoMiB y MOMOBUHMU
BUMaAKiB CNOCTepiraeTbCs BTpaTa KopekLii KyTa Kijo3y
>10° abo iHWi ycknagHeHHsA cTabinizauii [13].

Ona niagBUWEHHS HaZiMHOCTI KOPOTKMX TpaHcne-
ONKYNAPHUX CUCTEM 3aCTOCOBYITb Pi3HI TEXHIYHI
NpMMNOMM NiACMNEHHS KOHCTPYKLUIT. 30KpemMa agofaTKoBe
BMKOPMUCTAHHA MonepevyHux KOoHeKTopiB 36inblye
PUFiAHICTb KOHCTPYKLIii B yMOBax poTauiiHUX HaBaHTa-
XeHb. OAHaK YyCTaAHOBJIEHHSA MPOMIXKXHUX FBUHTIB
6e3nocepesHbO B TiNO YLIKOAXEHOro Xpebus BBaXKaeTbCs
edeKTUBHIWNM cnocoboM nigCMNEHHS KOPOTKOI
dikcauii [14]. We B 1987 p. NnpoAEeMOHCTPOBAHO, WO
3a/lyYeHHS YLWKOAXKEHOro Xxpebus B KOHCTPYKLit0 3HaYHO
niagBuLYye Ti XOPCTKiCTb: Ha 84-160% 3pocTae onip
3rMHaHHIO Ta OCbOBOMY HaBaHTAXEHHIO MOPIBHAHO 3i
CTaHAApPTHOW KOH@irypauieto 6e3 Takmx remHTiB [15].
YucneHHi 6ioMmexaHiyHi AoCAiAXEHHS NiATBEPAUAN, WO
HasABHICTb MPOMIXHOIO rBMHTA Noninwye cTabinbHICTb
KOHCTPYKUIii Ta 3axulae nepeaHo KONOHY XxpebTa,
3MEHLYIUYM HaBaHTaXeHHS Ha imnnaHTaTtu [14]. KniHivHi
CNOCTEpPEXEHHS TaKOoX CBig4YaTb Npo nepesarun gikcauii
i3 3anyyeHHAM ypaxeHoro xpebus. Taka TakTuka
[a€ 3Mory kpauwe 36epertu kopekuito gedopmauii
Ta 3HWXYE 4YaCcTOTYy HECMPOMOXHOCTI cTabinisauii B
nicnsgonepauiiHMi nepioa NMOPIBHAHO i3 TpaAWLUIAHOK
KopoTKoto dikcauieto 6e3 NpoMidXKHMX MBUHTIB [16].

Binbwicte 6ioMexaHiYHMX aHanisi.
TpaHCNeANKYNAPHUX CUCTEM 30CeEpPeiXXEHi Ha NoBeAiHLi
KOHCTPYKLilM Nia vyac 3rMHaHHS/po3rMHaHHS xpebTta Ta
OCbOBOr0 HaBaHTaXeHHsA. BoaHouac natepodnekcia
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(6iyHe 3rMHaHHS) € HE MEHLU BaX/IMBUM KOMMOHEHTOM
HaBaHTaXeHHSA Ha iMNaaHTaTu, OCKiNbkK npu BiyHOMY
HaBaHTaXeHHI BUHUKATb BUPa3Hi aCUMETPUYHI
aAedopmauii cMCTeMM Ta KOHUEHTpauis HanpyXeHb Yy
neBHMX enemeHTax dikcauii [17]. O6bMexeHa KinbKicTb
AaHMX WOoA0 CTaHy cucTeM dikcauii npu natepodnekcii
He Aa€ 3MOrvM BM3HAYMTWU 3anac MiLHOCTI KOHCTPYKLUIN
y Takmx ymoBax. TOMYy aKTyasbHWUM € AOCHIAXEHHS
Hanpy>eHo-Ae(OpPMOBAHOIo CTaHy efleMeHTIB dikcauii
came 3a Aii 6i4Horo 3armHaHHsA xpebTa.

ABTOpaMu NpoOBeAEHO NOPiIBHAIbHUI aHani3 BapiaHTiB
KOPOTKOCErMeHTHOI TpaHcneaAuKkynsapHoi dikcauii
BMOyxoBoro nepenomy B 30Hi [T i3 BUKOpPUCTaHHSAM
NMPOMIDKHUX FBUHTIB Yy TiNi ywkoaxeHoro xpebusa Ta
6e3 Hux. Kpim Toro, ypaxoByBanu AOBXWHY OCHOBHWMX
FBUHTIB, YCTAHOBMIEHMX Y TiNla HEeYLWKOAXeHMX xpebuis
(MOHOKOPTMKANbHO YM H6iIKOPTUKANBLHO).

Y pocnifXeHHi po3rnsHyTo nuwe oAHY MoAenb
BMOYXOBOro nepenoMy i3 KOPOTKOCErMeHTHOI0
TpaHcneankynspHot dikcauieo 6e3 peKoOHCTpyKLUii
nepeaHbOoi OMOPHOT KONOHW. Takuii Niaxia 3yMoBAeHUM
TWUM, LLO iHLWI BapiaHTuK XipyprivyHoi cTabinisauii (3okpema i3
3aCTOCYBaHHSM KOPMNEeKTOMIi Ta Te/IeCKOMiYHOro Kemnaxy,
a TaKoX ribpnaHnx TexHik) 6ynn Hamm npoaHanizoBaHi
paHiwe 1M yacTkoBo onybnikoBaHi. MNpeacrtaBneHi
pesyfnbTaTu € CKNaAoBOK Bennkoro 6aratoeTanHoro
OOCNIAXEHHS, NpUCBSAYeHOro b6ioMexaHiyHin ouiHui
pi3HUX cTpaTerin ctabinizauii NnpM TpaBMaTUYHUX
YWKOAXKEHHAX AinsaHku M.

MerTa: npoaHanizyBaTu HanpyxeHo-AedopMOBaHUN
CTaH pPi3HMX BapiaHTiB TpaHCcNeaAMKYNsapHOi dikcauii
npn BubyxosoMmy nepenomi xpebusa Thl2 B ymoBax
natepodnexcii (6iuHMn Haxun).

Martepianu i MeTOaMN

Mopaenb xpebta Ta BapiaHT ¢pikcauii

MobynoBaHO CKiHYEHHO-e/IeMeHTHY MoAesb rpyao-
nonepekoBoro cermeHTa xpebta (Th9-L5) i3 Bubyxosum
nepenomom xpebusi Thi2. Tino xpebus Th12 6yno
3MoAeNlboBaHe 3 ypaxyBaHHSIM PYWHIBHOrO aedekTy,
wob BinobpasnTN HasSIBHICTb OCKOJIKIB i MOLIKOAXKEHHS
CTPYKTYpU (ANS LbOro B MoAeni nepeabavyeHo AiNgaHKY
3MEHLUEHOT XOPCTKOCTI, WO iMiTYeE MiXXdparMeHTapHUi
pereHepart). Ansa crabinisauii yWKOAXEHOro cermeHTa
3aCTOCOBAHO TpaHCNeaAUKYNapHy dikcauito. PO3rnsHyTo
4OTUPU BapiaHTKU 1i BUKOHAHHS:

e mopgenb 1 (M1): kopoTKi (MOHOKOPTUKAIbHI)
rBMHTK B Tina xpebuis Thll ta L1 6e3 npoMiXXHUX IBUHTIB
y Tino xpebusa Thl2 (ctaHpapTHa 4YOTUPUIBUHTOBA
dikcauis);

e mMopenb 2 (M2): gosri (bikopTKanbHi) FrBUHTH
B Tina xpebuis Thll ta L1 6e€3 npOMiXXHUX FBUHTIB Y TiN10
xpebus Thi2;

e mopgenb 3 (M3): kopoTKi (MOHOKOPTUKAIbHI)
rBUHTM B Tina xpebuis Thll Tta L1 i3 npoMiXHUMK
rBMHTaMM B Tislo xpebus Th12 (wectureuHTOBa (ikcauis);

e mopenb 4 (M4): posri (bikopTuKanbHi) rBUHTH
B Tina xpebui Thll Tta L1 i3 NpOMiXXHMMK rBUHTAMK B
Tino xpebus Thi2.

KopoTKi FBUHTKU (iKkCylOTb y Mexax Tina xpebus,
TOAI K AOBLI MPOHMKATb Yepes3 nepeaHo KOpTUKanbHy

CTatTsi MICTUTb PUCYHKM, SKIi BiAO6PaxatoTbCsl B APYKOBaHii BepCil y BiATIHKaxX Ciporo, B €/1eKTPOHHIN — y KOJ1bOpi.
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CTiHKY Xpebus Ans NiABULLEHHS XXOPCTKOCTI dikcauii
(6ikOopTMKanbHO).

BigoMo, 0 3aCTOCYBaHHSA MONeEpeyHnx KOHEKTOPIB
NO3UTUBHO BMJINBAE HA PO3MNOAIJT HABAHTAXeEHb Yy
cucTeMi dikcauii, 3HMXKYYN KOHLLEHTPaLIito Hanpy>XeHb
i NiABMLLYIOYM 3aranbHy PUriAHICTb KOHCTPYKUii. Ix
BMKOPUCTaHHA € OOr'pyHTOBaHMM Yy BUNaAKax, Konu
BiANOBiAHO A0 6ioMexaHiuHUX AocniaXeHb abo KiHIYHMX
CrnocTepexXeHb iCHYE pU3UNK AOCATHEHHS MeXi MeXaHi4YHOi
MiLLHOCTi NE€BHOr0 KOMMOHeHTa cTabinizauinHoi cnctemm
— §K €eIeMeHTIB MEeTa/IOKOHCTPYKLUIii, TaK i KiCTKOBOI
TKaHWHW.

BoaHouac y Mexax LbOro gocnigxeHHs 6yno
3MOAeNbOBaHO BapiaHT dikcauii, wo Bignosigae
ManoiHBa3nMBHOMY (MepKyTaHHOMY) XipypridHomy
BTPYYaHHIO, A1 AKOr0 arnpiopi HEMOXJIMBE BCTAHOBIEHHSA
nornepeyHnX CTSXKOK yepe3 TexHiuHi obmexeHHs. Tomy
He NPOBOAMMN OLUIHKY BMMBY NMOMNEPEYHNX KOHEKTOPIB.

Marepianu Ta ixHi B1acTuBOCTI

Y mopeni BcCi 6i0N0OriyHi TKAHWUHM N eneMeHTH
iMNNaHTaTiB BBaxXalu OAHOPIAHUMU Ta i30TPOMHUMMU.
MexaHi4yHi XapakTepuCcTuku MaTepianis (Moaynb
npyxHocTi (E) Ta koediuieHT MNMyaccoHa (v)) niaibpaHo
Ha OCHOBI AaHWX NiTepaTypu N TeXHIYHOI AOKyMeHTauii
[18-20]. MexaHiyHi BNacTUBOCTIi BUKOPUCTAHUX
MaTepianiB HaBeaeHo B Tabs. 1.

Mepe>xa CKiHYEeHHHNX eJIeMEeHTIB i nporpamMHe
3ab6e3neq4yeHHs

feoMmeTpuyHy Moaenb xpebta nmobypoBaHo i3
3aCTOCYBaHHSAM CUCTEMU aBTOMATMU30BAHOIO MPOEKTY-
BaHHs SolidWorks (Dassault Systemes). ns npoBeAeHHs
MiLlHICHOrO aHanisy BUKOPUCTAHO NPOrpamMHNiA KOMMaekc
CosmosM, AKui peanidy€ CKiHYEHHO-eNeMEeHTHUN
meTton [21]. AnckpeTmsauia mMoaeni 3aincHioBanacs
TBEPAOTINbHUMU eNieMeHTaMun y BUrnaai tetpaeapis
i3 10 By3namn (KkBagpaTuyHa anpokcumauia nons
nepemiweHb). Taka AeTanisauia ciTkn 3abe3neuye
TOYHIWNKA pO3paxyHOK HamnpyXeHo-Ae(OpMOBaAHOIro
CTaHy KOHCTpyKLUii xpebTa Ta imnnaHTarTis [22].

HaBaHTa>xeHHs1 Ta rpaHNYHi yMOBH

HaBaHTa>XeHHs Moaeni 3A4iNCHIOBANM 3a CXEMOlo,
wo imMiTye Haxun Tynyba BniBo. 1na Uuboro 40 BEPXHbOI
yacTuHM Moaeni (JinsiHka Tina xpebus Th9 i BignosigHMX
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cyrnoboBux BiAPOCTKIB) NMpuWKAagann 3ruHanbHUM
MOMEHT 3a paxyHok 6iyHoi cunum 350 H. 3HaveHHa 350 H
npmbaM3HO BiANOBIAAE Basi BEpXHbOI MONOBUHUN Tynyba
NIOAWMHU, WO CTBOPKOE (i3ionoriyHe HaBaHTaXeHHS Ha
rpyAo-rnonepekoBuii Bigain xpebra npm 6i4HOMY Haxusi.
HwxHIO OCHOBY MoAeni, a came KayaanbHy (HUXHIO)
noBepxHt aucka L5, xopcTko 3adikcoBaHo (ymoBa
HepyxoMoi ornopw) ANS BiATBOPEHHS BN/IMBY ONOpPKY Tas3a.
TakMM 4YMHOM, iMITYIOTbCA peasibHi rpaHU4YHi YMOBMU:
BEepXHi xpebui HaBaHTaXylTbCA BAaroBUM 3yCUNISAM
NpW 3rMHaHHI, @ HWXHIN KiHeub MoAeni 3anulacTbCs
Hepyxomum [23].

OuiHka Hanpy»eHo-gedopMoBaHOro ctaHy

AHani3z HanpyxeHb i AedopMauin y moaenax
NpOBOAMNM 3@ KPUTEPIEM eKBiBANEHTHUX HaMnpy>XeHb
Mizeca [24, 25]. Lle pa€e 3Mory OUIHUTU MaKCUManbHi
iHTEHCMBHOCTI HanpyXeHb y KiCTKOBUX CTPYKTypax Ta
enemMeHTax gikcauii Ans KoxHoro cnocoby crabinizauil.
Ons nopiBHAHHA eDeKTUBHOCTI KOHCTPYKLIA BU3HaAYanm
piBEHb HanpyXeHb Yy 18 KOHTPONIbHMX TOYKax MoAesi B
K/TIOYOBUX 30HaX — AK Yy TilaX CYMDKHUX i3 nepesoMom
xpebuiB, Tak i B enemMeHTax MeTasoKOHCTpyKLUii (Puc. 1):

. Tina xpebuis Th9, Th10, Thi1l, Th12, L1, L2, L3,
L4, L5 (koHTpOnbHi Toukn 1-9 BiANOBIAHO);

° 3aMMKanbHi NAACTUHKKM XpebuiB, CYMiKHUX i3
YLWKOAXKEHUM: HWXHS nnacTuHka xpebus Thll (Touka
10) Ta BepxHs nnacTuHka xpebusa L1 (Touka 11);

° 30HW BXOAY MBUHTIB y Ayrm xpebuis Thll (Touka
12), Th12 (Touka 13) i L1 (Touka 14);

° rBUHTWM B TiNni xpebus Thill (touka 15), Thi2
(Touka 16) Ta L1 (Touka 17) (ans moaenen 6e3 npoMixHOI
dikcauii Toukn 13 i 16 BiACYTHI — FBMHTK B Tino xpebus
Th12 He BCTaHOBNEHO);

° 3'egHyBanbHi 6ankn (CTpuxHi) dikcyBanbHOI
cucTtemm (Touka 18).

Takuh nigxia faB 3MOry BUSBUTU AiINSHKU
KOHLIEHTpaLii Hanpy>eHb A1 KOXXHOro BapiaHTa dikcauii
Ta 3icTaBUTKU iX, WO € BaXJMBUM AN 6ioMeXxaHiyHOoi
OUiHKK HaaiHocTi cTabinizauii [26].

OkpeMe MoaentoBaHHA cTaHy 6e3 dikcauii He
BWKOHYBasnn, OCKiNbkK nNpu BnbyxosBoMmy nepenomi 6e3
cTabinizauii CTpykTypa BTpayae MexXaHi4Hy LiNiCHICTb,
LLIO YHEMOXJ/TUBJTIOE KOPEKTHUI PO3PaxyHOK Harnpy>XeHb.

Tabsmys 1. MexaHiyHi xapakTepPUCTUKK MaTepianiB, BUKOPUCTAHUX NPU MOAEIOBaHHI

Marepian Moaynb npy>xHocTi, MMa KoediuieHT MyaccoHa
KoMnakTHa KiCTKOBa TKaHWHa 10 000 0,30
y6buacTa KicTkoBa TKaHWHa 450 0,20
Cyrno6oBuii xpsuy 10,5 0,49
MixxxpebueBuii gnck 4,2 0,45
MixdparmeHTapHUi pereHepaT 1,0 0,45
TuTaH (cnnas BT-16) 110 000 0,30
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Puc. 1. CxeMa po3TallyBaHHS KOHTPOJIbHUX TOYOK MoZenen (onuc y TekcTi): A — 6iyHa npoekuisi; b - 3aaHbO-

6iuHa npoekuis; B - nepeaHbo-6iuHa NpoekLis

Pe3synbtatn

[Ona KOXHOI KOHTPOJIbHOT TOYKU PO3rNISHEMO, SIK
3MIHIOETBCS piBEHb HANpPY>XXEHHS Npu Nepexoai Big oAHi€el
mogaeni dikcauii Ao iHWOi.

Hanpy>xeHHs B Tinax xpebyiB (KOHTPOJIbHI
TOYKM 1-9)

BepxHi Ta HWXxHi cermeHTn (Th9, Th10, L2-L5).
Y BigganeHux Bia 30HM dikcauii Xxpebusix Hanpy>XeHHs
3aNMWaTbCAa HM3bKMMW Ta Malxe OAHAKOBUMWU ANS
BCiX KOHdirypauin. 3okpema B Tinax xpebuis Th9 i
Th10 BenunumHa HanpyxeHHa cTaHoBuTb 1,0-1,4 MMla
Ta Malxe He BiAPI3HAETbCA B MOAENAX. Y MONEPEKOBUX
xpebusax L2-L5 HanpyxeHHs cTaHoOBUTbL Big 12,1 Ao
17,5 Mla, 3MeHWY4YNUCb NPU BUKOPUCTAHHI AOBLUUX i
MPOMDKHUX FBUHTIB (Hanpuknaa, y Tini xpebus L3 - go
12,1 MMa). Lle € o4ikyBaHUM pe3ynbTaToOM, OCKiNbKu
AiNAHKW, po3TaloBaHi Aaneko Bi4 Micus TpaBMu Ta
iMnnaHTauii, 3a3HaloTb BN/IMBY NepeBa)KHO 30BHILWHbOIO
HaBaHTaXeHHsa i Mano 3anexaTtb BiA KOH@irypauii
dikcaTopa.

CyMixHi 3 nepenomom xpebui (Thil ra L1).
Y cyMiXkHUX i3 TpaBMoBaHUM Th12 xpebusx, B fAKUX
yCTaHOBMEHi FBUHTW, 3apEeECTPOBAHO NMOMIPHE 3HUXEHHS
Hanpy>XeHb Npu BAOCKOHAaNeHHI dikcauii. ba3oBa
MoAenb (KOpOTKi rBUHTM 6€3 NpOMiIXKHWMX) AEMOHCTPYE
HanpyxeHHs 7,9 MMa B Tini xpebusa Thll ta 18,9 Mla
B Tini xpebusa L1. BukopucTaHHsA AOBLWKNX TBUHTIB (6e3
MPOMIXHMX) 3MEHLLYE BEIMYNHY Hanpy>xXeHHsa A0 7,8 MlMa
(Th11l) i 18,0 MMa (L1). JoaaBaHHSA MPOMDKHUX FBUHTIB
y Tino xpebus Th1l2 (KOpOTKi FBUHTWM 3 MPOMIXHUMMW)
we 6inbwe po3BaHTaxye Tino xpebus Thll (go 7,0
MMa), ane ans Tina xpebus L1 HaBaHTaXXeHHs 3pocTaE
Ao 19,0 MMa. HarMeHwWwe HaBaHTaXeHHS Ha CYMiXHi
xpebui 3apeecTpoBaHO NpuM MOEAHAHHI AOBMMX MBUHTIB
i3 npoMixHuMK: 6,8 MMNa y Thil ta 17,1 MMa vy L1.

Y uinoMy AOBLWI FBUHTM Ta NpOMiXHa dikcauis
CMPUSAIOTb 3HMXEHHIO Harpy>XeHb Yy Tifnax CYyMiXHUX
xpebuiB. EdDeKkT NpOMiXHUX FBUHTIB BMPA3HIWNK ANs
xpebus Thll (3MeHweHHs Ha ~14%), Hix Ansa xpebus L1.Y
pasi noegHaHHA 060X YMHHMKIB (AOBri Ta MPOMIXKHI FTBUHTM)
BMHWKA€E HakonuuyyBalbHU edekT, Wwo 3abesnevye
HaMeHLle Hanpy>XeHHs B Xpebusax Thil ta L1.

TpaBMmoBaHui xpebeub Thl2. Y Tini ypaxeHoro
xpebusa 3adikcoBaHo Hambinbwi cepen KiCTKOBUX
CTPYKTYp BIAMIHHOCTI MiX MogensmMu. Be3 npoMmixHoi
dikcauii Tino xpebusa Thl2 Mmae MakcMManbHi HaNpy>XeHHs
12,3 MMNa (kopoTki reuHTM) i 12,1 MMa (AOBri rBUHTH).
BuKopucTaHHA NPOMDKHUX FBUHTIB 3HAYHO PO3BaHTaXYE
xpebeLb: HanpyxXeHHs 3MeHLWYyeTbea A0 9,1 MIMa (KopoTKi
rBMHTM 3 NPOMiXHMMKM) Ta Ao 8,8 Mla (A0Bri rBUHTK 3
npomixkHnumn). OTxe, NpoMixHa ¢ikcauia xpebusa Thi2
3HWXYE HanNpyXeHHs Ha 27-28%. [OBXWHa rBUHTIB
6e3 NpOMiIXKHUX MaE MEHLWMUA BNAMB (3MEHLUEHHS NnLe
Ha 1-2%), ane B NOEAHAHHI 3 MPOMDKHMMU FBUHTaMM
MaKcuManbHe 3HMXeHHS aocarae 28%. 3BefeHi AaHi
LWOAO HAMpyXXeHHs B Tilax OCHOBHUX XpebuiB Ans BCiX
mMoaenen HasedeHo B Tabs. 2.

BizyanbHO po3noAin HanpyXeHb Ha efieMeHTax
Moaenen 3anexHo BiA Tuny dikcyBasbHOI CUCTEMU
npeacTtassieHo Ha Puc. 2.

Hanpy>eHHss Ha 3aMUKaJIbHNUX MJacTUHax
(Toukn 10-11)

3MiHM HanpyXeHb y 3aMWKaNbHWUX MNacTUHKax
xpebuiB Thll (kaypanbHa) Ta L1 (kpaHianbHa) MakoTb
MeHWYy aMnAiTyay W MeHW OAHO3Ha4YHi TeHAeHLUil,
OCKIiTbKW XpsSALWOBa TKaHWHa MixxpebueBuX AUCKIB
MEBHOK MipOl HiBeNtE BIAMIHHOCTI MiX CXeMaMu
dikcauii 3aBagkm nopibHoMy MexaHi3My nepepauvi
HaBaHTaXeHHS.

Hu>xHAa nnactuHka xpebus Thll (touka 10)
6e3 npoMixHoi dikcauii AEMOHCTPYE HaMNPYyXEHHS
4,3 MMNa (kopoTki reBuHTK, M1) Ta 4,2 MMa (moBri
rBUHTKU, M2). 3a HadBHOCTI rBUHTIB y Tini xpebys Th12
CMOCTEPIraeTbCa BMpa3He 3MEHLIEHHS HaBaHTaXeHHS
Ha HWXHIO 3aMWKanbHY MNAacTUHKY xpebuys Thll:
Ao 3,8 MMa (KOpOTKi FBUHTW 3 MpOMiXHUMU, M3) Ta
A0 MiHiManbHOro 3HayveHHs 3,2 MMa (AOBri rBUHTK
3 NpoMiXHUMK, M4). Taka pi3HUUSA CBIAYUTbL NpO
edeKTMBHE pO3BaHTAXEHHS Li€l 30HW 3a paXyHOK
cTabinizauii TpaBMoBaHoOro cermeHTa Th12 npoMixkHUMM
reuHTamu. MopiBHAHO 3 6a3oBot mMoaennw (M1)
Hanbinbwe 3HWXEHHS HaBaHTaXeHHA CTAaHOBUTb
6nun3bko 25,6% (3 4,3 oo 3,2 MMa).
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Ta6bauys 2. ExBiBaneHTHe HanpyxeHHs (MMa) y Tinax xpebuis T11l, Th12 ta L1 ang 4oTMpbox Moaenew
dikcauii npu natepodnekcii

KoHTposbHa TOuka

KopoTtki rBuHTHN 6e3
NPOMIXXHUX

AoBri reuHTH 6€3
NPOMDKHUX

KopoTtki rBuHTHM 3
NPOMIXKHUMMU

OoBri rBUHTH 3
NPOMiIDXXHUMMK

Tino xpebusa Thil 7,9 7,8 7,0 6,8
Tino xpebus Th12 12,3 12,1 9,1 8,8
Tino xpebus L1 18,9 18,0 19,0 17,1

M1 M2

M3

S

! 364,33

Qo

| N
C - N Wby

M4

Puc. 2. Po3noain Hanpy>XeHHs B Mogensax (M1-M4) rpyno-nonepekoBoro Biaainy xpebta 3 Bubyxosum

nepenomoM Tina xpebus Th1l2 npu natepodnekcii

BepxHA nsacTuHka xpebys L1 (Ttouka 11)
AEMOHCTPYE TPOXU MEHLLY aMNiTyAy 3MiHW Hanpy>XeHHs,
X04a TeHAEHLUis A0 MOro 3HMXEHHS YiTKO BMpasHa.
Halibinblie HaBaHTaXXeHHA 3apeeCTpoBaHoO B Moaeni 6e3
NMPOMIXHUX FBUHTIB i3 KOPOTKNUMU rBUHTamMn (M1) — 8,2
MMa, Aewo MeHLWwe Npu AOBrMx rBUHTax 6e3 NPoOMiXKHUX
(M2) — 8,1 MMa. JoaaBaHHSA MPOMIXHWUX FBUHTIB
CYTTEBO PO3BAHTAXYE BEPXHIO 3aMUKANbHY MAACTUHKY
xpebys L1: y moaeni 3 KOPOTKUMU Ta MNPOMIXKHUMMU
reMHTamMun (M3) HaBaHTaxXeHHs 3HWXyBanoca ao 7,0
MMa. Y moaeni 3 AOBrMMM M MNPOMIXXHUMU TBUHTaAMU
(M4) 3adikcoBaHO HaiHMX4e 3HauveHHsa (6,7 MMa), wo
BignoBigae ameHwWweHHo Ha 18,3% nopiBHSHO 3 6a30B0tO
KOH@irypauieto (M1). OT>xe, NPOMiXHI FBUHTU CNPUSAIOTb
CYTTEBOMY 3HUXEHHIO HaBaHTAXEHHS Ha BEPXHIO
3aMMKanbHy NaacTUHKY xpebus L1, noninwywym yMoBu
ANna cTabinbHOCTI KOHCTPYKLUii Ta 3MeHLWY4YM PpU3KUK
MOLWKOAXKEHHS XPSALWOBOI TKAHUHW.

3aranoMm HanpyXeHHS Ha 3aMUKaNbHUX NIACTUHKAaX
BiApi3Hanoca Ha 1,1-1,5 Mla 3anexHo Big Moaeni.
HaWkpawi pe3ynbTaTu WOAO PO3BAHTAXEHHS
3apeecTpoBaHO B MoAeni 3 AOBrMMM FBMHTaMu B
NOEAHAHHI 3 NPOMIXHO dikcaui€to.

Hanpy>xeHHs1 B 30Hax BXoA4y rBUHTIB (TOYKH
12-14)

Ayra xpe6us Thll (Touka 12). Y wmicui Bxoay
rBMHTa B Ayry xpebus Thll (Touka npuvknagaHHs:
HaBaHTaXeHHs BiA4 FBUMHTA A0 KiCTKW) BiA3HA4YeHO
NOCTYyNOBe 3MEHLUEeHHS HaBaHTaXXeHHS Npu nepexoai
Bif, KOPOTKUX FBUHTIB 6e3 npoMixHux (7,5 MMa, M1)
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00 AOBrMX rBUHTIB 6e3 npoMixHux (7,3 MMa, M2).
Binblwe 3HMXEHHS HaBaHTaXXEHHS 3apeecTpoBaHe npu
3aCTOCYBaHHi MPOMIKHUX FBUHTIB: AJ19 KOPOTKUX MBUHTIB
i3 npoMikHuMKn (M3) HanpyXeHHS 3HWXyBanocs Ao 5,8
MMa (Ha 22,7% nopiBHsHO 3 M1). Moaenb i3 fOBrumMu
rBUHTaMM I NpoMixHo dikcauieto (M4) neMoHCcTpyBana
He3HayHe 3pOCTaHHS HaBaHTaXeHHs Ao 6,1 MMa, xoua
BOHO 6yno cyTTeBO (Ha 18,7%) HMXYMM MOPIBHAHO 3
6a30B0t0 KOHirypauieto. TakuMm YMHOM, MPOMIXKHI FBUHTH
3abe3neyyloTb 3HaYHE PO3BaHTaXeHHA Ayrun xpebus
Th1ll, a AOBXWHa FBUHTIB MEBHOK MipOK BMJIMBAE Ha
pO3MoAin HaBaHTAXeHHS.

Ayra xpe6usa Thl12 (touka 13). Lla 30Ha
npoaHanizoBaHa nuwe B MoAeNsaX i3 MPOMIXHUMU
remHTamMm (M3, M4). HaBaHTaxeHHa B Micui BXoAy
NMPOMIKHUX FBUHTIB Yy AYry 3pyMHOBaHOro xpebus
Th12 3anuwanocs Hu3bkuM: 3,7 MlMa ANs KOpOTKUX
reumHTiB (M3) i gewo Hux4e (3,5 MMNa) ansa poBrux
remHTiB (M4). OTpumMaHi agaHi ceig4aTtb Npo Te, WO
A0AATKOBI MPOMIXHI FBUHTU HE CTBOPHOKOTb CYTTEBUX
NoKanbHUX NepeHanpyXeHb Y 3pyMHOBAHOMY CEerMeHTi,
O NiATBEPAXYE iIXHIO 6e3MneyHicTb i epeKTUBHICTb Ans
cTabinizauii TpaBMoBaHoOro xpebus.

Ayra xpe6us L1 (touka 14). HanpyxeHHs B
30Hi BXO4y FBUHTIB Yy Ayry xpebus L1 aeMoHcTpyBano
TEeHAEHLUI0 [0 3MEeHLEeHHS Npu Nepexoai Bif KOPOTKMUX
reuHTiB 6€3 npomixHux (14,9 MMa, M1) go poBrux
rBUHTIB 6e3 npoMixHux (13,2 MMa, M2). JoaaBaHHS
NPOMIXXHUX FBUHTIB y Tino xpebus Thl2 cnpwusano
we 6iNbWOMY 3HMXKEHHI0O HaBaHTaXeHHs: y moaeni 3
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KOPOTKMMMW FBUHTaMM Ta NpoMixHuMn (M3) - 13,4 MNa,
wo 6nm3bke A0 NokasHuka M2. HalHux4ye 3Ha4yeHHS
3apeecTpyBann Npu BUKOPUCTAHHI AOBIrUX i MPOMIXKHUX
reuHTIB (M4) - 10,7 MMa, wo Ha 28,2% MeHLwe NopiBHAHO
3 6aszoBoto mogennto (M1). Le cBigumTb npo Te, wWo
NOEAHAHHSA AOBIrMX Ta MPOMIXKHWUX FBUHTIB AAa€ 3MOry
HaledeKTUBHilLe pO3BaHTaXWUTU 30HY BXOAY FBUHTIB
Yy HWXHIN npunernuin xpebeub, WO € BaXJMBUM ANns
3anobiraHHs NOWKOAXEHHI KiCTKOBOI TKAHUHM.

Hanpy>xeHHs1 y rBUHTax (KOHTPOJIbHi TOYKH
15-17)

FBUHTM B Tino xpebuss Thll (Ttouka 15). Y
MoAeni 3 KOPOTKMMW FrBUHTaMn 6€3 NPOMIDKHUX FBUHTIB
(6a3oBa Mofenb) HanpyXeHHa cTaHoBMAo 47,5 MMa. Mpwu
BWKOPUCTAHHI AOBrMX rBUHTIB 6€3 npoMixHoi dikcauii
HaBaHTaXeHHS He3HaYHO 3HUXYyBanocs (8o 46,9 Mra),
LLIO MOB'A3aHO 3 AeLL0 KpalunUM aHKepyBaHHAM FBUHTIB Y
KicTui. loaaBaHHS NPOMIDXKHUX FBUHTIB (KOPOTKi FBUHTU
3 MPOMIDKHUMWN) 3MEHLIYBaNI0 HABAHTAXEHHS B FBUHTAX
y Tini xpebus Thil go 39,2 MMa, a npu kKoMbiHauil
OOBIMX FBUHTIB i3 MPOMIKHMMKU — A0 MiHIManbHOro
3Ha4veHHsa 29,3 MMa, wo Ha 38% MeHwWwe, Hix y 6a30Bin
moaeni. TakuM YMHOM, NPOMIXKHI FBUHTK 3abe3neyyoTb
Hanbinblue 3MEHLIEHHS Hanpy>XXeHb caMe B FBUHTaX Yy
Tino xpebus Thll, oco6nmeo B KOMbiHaUii 3 AOBrMMMK
rBUHTaMMU.

FBMHTM B Tino xpebusa Thl2 (Touka 16).
LaHi ansa ui€ei Toukn npoaHanizoBaHi nuwe Ang
mMoAenewn i3 MPOMIKHWMU FBUHTaMuU. Hanpy>XeHHa B
NPOMIDXXHUX FBUHTaX 6yno HamMHUX4YMUM cepej YCiX
FBUHTIB KOHCTpyKUii: 12,6 MMa (KOpPOTKi rBUHTK 3
npomixxHuMn) Ta 10,3 MIMa (A0Bri FBUHTM 3 MPOMIXKHUMMU).
H13bKi 3HaYEHHS HanpyXeHb MOSCHIOKTLCS TUM, WO Ui
FBUHTU BUKOHYIOTb NepeBaxHOo dyHKUito cTabinizauii
¢dparmeHTiB TpaBMOBaHOro xpebus, i Ha HUX Npunajae
MeHLUa YacTKa 3arasibHoOro KpyTHOro MOMeHTY. [loBXuHa
OCHOBHUX FBUHTIB Yy CYCiAHIX Xpebusax He3HauyHo
BM/INBAE HA HAaBaHTAXeEHHS MPOMDKHUX FBUHTIB Yy Tisl0
xpebusa Thl2, xoya AOBLWIi FBUHTU AEMOHCTPYIOTh AELLO
kpawe (Ha 18%) po3BaHTaXeHHS LMUX MPOMIXHUX
€N1eMEeHTIB KOHCTPYKLUIi.

'BUHTK B Tino xpebusa L1 (Ttouka 17). BUHTK
B HWXXHbOMY CYMiXXHOMY xpebui (L1) TakoX iCTOTHO
BiAPi3HANMCA 3@ HaBaHTaXXEHHSAM 3aJlIeXHOo BiA
KOHirypauii gikcauii. ¥ 6asoBii mogeni (KOpoTkKi
rBUHTU 6€3 NMPOMIXKHWX) HaBaHTaXeHHa Aocsrano
MaKcMManbHoOro 3HadeHHs 50,1 MMa. BukopuctaHHSA
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[OBIUX FBUHTIB 6€3 NPOMIKHMUX 3HWXKYBAJIO HaMnpy>XeHHS
no 45,3 MMa (Ha 10%). JoagaBaHHS NPOMiIXHUX FBUHTIB
cnpuano 6iNblOMY 3MEHLUEHHIO HAaNpy>XeHHS B TBUHTaX
y Tino xpebus L1: go 48,6 MMNa (KOpOTKi FBUHTK 3
NPOMIXHWUMKN) Ta MiHiManbHOro 3HavyeHHs 39,9 MMa
(AoBri rBUHTU 3 NpoMixHUMK), 6yno MeHwe Ha 20%
NopiBHSAAHO 3 6a30B0t0 KOHMIrypauieto. TakMM YMHOM, K
iy BUnagky 3 reBMHTaMu B Tino xpebus Thll, HanmeHwWwi
HaBaHTaXXEHHS 3apeeCTPOBaHO NpU NOEAHAHHI AOBIMX
rBUHTIB i3 MPOMIXHOW dikcauieto.

Ba30Bi NOKa3HMKM €KBiBANEHTHOr0 Hanpy>XeHHs B
OCHOBHUX efleMeHTax KOHCTPYKLUIT Ta 30HaX KOHTaKTy
«MeTan-KiCTKoBa TKaHWHa» HaBeAeHo B Tabs. 3.

Hanpy>xeHHss B 3’'egHyBalbHux 6ankax
(Touka 18)

3’eaHyBanbHi 6ankm (MO340BXHI CTPUXKHI hikcaTopa)
3a3HaloTb HaMbiNbWNX HaMpyXeHb cepej efleMeHTIB
CUCTEMMW, OCKiNbKN PakTUUHO 6epyTb Ha cebe 3HauHy
YaCTUHY HaBaHTaXeHHs, 06MWHAKUYN YLKOAXKEHUN
cerMeHT. Big eheKTUBHOCTI po3BaHTa)XXeHHS CTPUXHIB
3aNeXwnTb AOBrOBiIYHICTb YCi€l KOHCTPYKUIi, agxe
nepeBULLEHHS MEX BUTPMBAIOCTI MOXe NMPpU3BECTU A0
BTOMHOIO NepesioMy MeTany.

Be3 npoMixHOi dikcauii (nMwe 4 rBUHTHK):
MakCcuManbHe 3HAUYeHHS G Yy CTPUXHAX nig 4ac
natepodnekcii ctaHosuno 324,9 MMa gnsa mozeni 3
KOpOTKMMUK rBuHTamu (M1). Lle HaliBuLe 3adikcoBaHe
HanpyXeHHS B YCiX aHani3oBaHUX MOAensX.
KOHUEHTPYETLCS 3a3BMYaAN Yy AiINSAHLUI MiX FrBUHTaMu, ae
BUTMH MaKCMManbHUA. 3aCTOCyBaHHS AOBLIMX TBUHTIB
(M2) pewio 3MeHLWyBano Nik Hanpy»eHHs Ao 315,5 MMa
(3HMXEHHS 6M3bKo 2,9% nopiBHAHO 3 M1). OTxe, 6e3
NMPOMIXXHOIrO MYHKTY OMOPU AOBXWHA FBUHTIB Ma€ nuwe
HE3HaYHWUI BMIMB Ha HaMpPy>XeHHS B CTPUXKHSAX.

MpOMiXHI rBUHTM B TiNlo Xxpebusi Th12 neBHO Mipoto,
ane He CYTTEBO 3MiHWOBanM KapTuHy. MNpu godaBaHHI
NPOMIXHOi ONopu B MoAeNi 3 KOPOTKUMU rBUHTamMn (M3)
MaKCMMasibHE HamnpyXeHHS B CTPUXKHAX (PaKTUYHO He
3MiHIOBaNOCH Ta cTaHoBwuio 324,8 Mla, Wo NpakTUYHO
ineHTUYHO 6aszoBin mMomgeni M1 (pi3Huus <0,1%).
3acToCyBaHHA OBIUX rBUHTIB pa3oM i3 npoMidxxHumun (M4)
3abe3neydyBano 3HMxXeHHS Ao 321,0 MMMa, wo Ha 1,2%
MeHLle, HiXX y 6a30Bin koHdirypauii (M1). PisHMuUa Mix
MoZensiMm 3 npoMixHoto dikcauieto (M3 i M4) He3HauHa
(6nunsbko 1,2%), TOMy MOXHa CTBEPAXYBaTW, WO B
Lin KoHdIrypauii OCHOBHUA BHECOK Yy PO3BaHTaXeHHS
CTPUXHIB poBUTb CaMe AOBXWHA OCHOBHUX MBUHTIB.

Tabsmys 3. EkBiBaneHTHe HanpyxeHHsa (Mla) B OCHOBHMX efleMeHTax KOHCTPYKLUii Ta 30HaxX KOHTaKTy
«MeTaN—-KiCTKOBa TKaHMHa» (30HU BXOAY IBUHTIB, FBUHTU, CTPUXHI) AN YOTUPbOX MoAenen

EneMeHT KOHCTPYKLUii | KopoTki rBMHTH 6e3 [AoBri reMHTH 6e3 KopoTki rBUHTH 3 [oBri rBUHTH 3
NMPOMiMXKHUX NPOMiIDKHUX NMPOMIDXHUMMU NMPOMiXKHUMM

Bxig rBuHTa B Thil 7,5 7,3 5,8 6,1
(nyra)

Bxig reuHTa B Th12 - 3,7 3,5
(nyra)

Bxig rBuHTa B L1 14,9 13,2 13,4 10,7
(nyra)

BuMHTM B Th 11 47,5 46,9 39,2 29,3
BUHTK B Th12 - 12,6 10,3
BUHTM B L1 50,1 45,3 48,6 39,9
3’egHYBanbHi CTPUXHI 324,9 315,5 324,8 321,0
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LLloao AOBroBiYHOCTI KOHCTPYKLUIii HaWHaAinHiwow
3 aHanizoBaHWX KOHIirypauin € moaesnb i3 4OBrMMU
rBUHTaAMU HE3aJIEXHO BiJ HASABHOCTI MPOMIXKHUX FBUHTIB,
OCKiNIbKM MaKCUMarsbHi HanpyXeHHS CTPUXHIB y UNX
BapiaHTax HamHwuxui (315,5-321,0 MMa). MNMpu TMNoBuKx
3HAYEHHAX MeXi TeKY4YOCTi TUTAaHOBUX iMMaHTaTIB
3i cnnaBy Ti-6Al-4V (760-800 MMNa), HaBeAeHi
HanpyxeHHs (315,5-324,9 MMa) cTtaHOBNATbL Nuwe
6nn3bko 40% Bia uiei mexi [27]. Lle y3roaxyeTbcs 3
BMMOramMm MixxHapoaHux ctaHaapTie (ASTM F136, ISO
5832-3) i niTepaTypHUMU AAHMMWU WOAO MeXaHiIYHUX
BN1ACTMBOCTEN LbOro MaTepiany, NiATBEPAXYHOUMU
CYTTEBMM 3anac MiyHOCTI. HaBiTb BiAHOCHO HeBennka
pi3HMLA B abCOMOTHMX 3HAYEHHSX HamnpyXeHb MOXe
NO3UTUBHO BM/IMBATU Ha AOBrOCTPOKOBY MIiLHICTb i
BTOMHY CTiMKiCTb KOHCTpPYKUii, cnpustoun ii 6inbwin
HafiMHOCTI B yMOBax TpMBanoi ekcnayaTtauii.

ANnbTepHaTUBHMM MaTepianoM ANA BUFOTOBJIEHHSA
CTPUXHiIB € kKobanbT-xpomosBuin cnnae (CoCr), Akun
Ma€e BULLY XOPCTKICTb MOPIBHAHO 3 TUTaHoM. Moro
BUKOPUCTaHHS MoXxe 6yTn AOUINbHUM y BUNaAKax, Koau
HeobXxigHa MakcuMManbHa CTabiNbHICTb KOHCTPYKLUIT,
30KpeMa nNpu 3Ha4YHOMY PYWHYBaHHI nmepeaHbOI
onopHoOi konoHun. OgHak nigBuUlEeHa PUTiIAHICTb
CoCr-CTpMXHIB MOTEHUINHO acCOUilOETLCA 3 BULWKUMK
KOHTAaKTHUMMU HaMNpyXeHHSMM B 30Hax (ikcauii Ta
PU3NKOM KOHUEHTpauii HaBaHTa)XXeHHS B KiCTKOBIil
TKaHWHI, WO MOXe MaTWn KNiHIYHI Hacnigku.

Y KOHTekcTi gaHoi mogeni 6yno obpaHo came
Ti-6Al-4V gk 6inbw «M'aknin» i @i3ioNoriyHO CyMiCHUM
MaTepian Ang cuMynsauii cTaHAapTHOro BapiaHTa
XipypriyHoi ctabinisauii nepenomis B 30Hi M.

OTXe, B aHanizoBaHMUX MOAeNsAX MPOMIXHi
FBUHTU HE CNPUSASN CYTTEBOMY PO3BAHTAXEHHIO
CTPUXHIB (3HUXEHHSA <1%) Ha BiAMIHY Bif iX 3HA4YHOrO
NO3WTUBHOIO BMJIMBY HA iHLWIi KOHTPOJIbHI TOYKMK (Tino
TpaBMoOBaHOro xpebus Thl2, 3aMukKanbHi NAACTUHKMU
Ta BXOAM FBUHTIB y Ayry xpebuis Thil Ta L1). Ue
CBiAYNTb NPO Te, WO FoNIOBHUN edeKT NMPOMiXKHUX
rBUHTIB Nonsirae B ctabinisauii TpaBMoOBaHOro cermeHTa
N NOoKanbHOMY Nepepo3noAifli HaBaHTaXeHHsA, a Ha
rnobanbHe HaBaHTaXeHHS CTPUXHIB 6iNblO Mipoto
BNINBA€E AOBXMHA OCHOBHWX FBUHTIB. TakMM YMHOM,
KOMbGiHOBaHe 3aCTOCYBaHHS AOBIMX i MPOMIXXHUX FBUHTIB
3abe3neyvye Halkpalwmii 6anaHc po3noainy Hanpy>XxeHb
Ha BCi KOHTPOJIbHi TOYKWN KOHCTPYKLUiIi.

O6roBopeHHs

EjdpekTMBHICTD NMPOMi>XXHUX FBUHTIB Yy
3pyHiHOBaHOMy xpebui

[lonaBaHHA NMPOMDKHUX FBUHTIB Yy TisI0O 3/1aMaHoOro
xpebusa CyTTEBO MiABULLYE XOPCTKICTb i CTabiNbHICTb
KOPOTKOCErMeHTHOI dikcauii. biomexaHiyHi gocnigXeHHs
MOKa3ylTb, WO WEeCTUrBUHTOBI KOHCTpykUii (1
piBeHb BulWe Ta 1 piBEeHb HUX4Ye 3a Nepenom +
rBUHTW B 3pyMHOBAHOMY XpebLui) 3Ha4HO 06MexXyloTb
PYXOMiCTb YWKOAXEHOro CerMeHTa MNopiBHAHO 3i
CTaHAapTHOK YOTUPUTBUHTOBOI cxeMoto [28]. 3okpema
B MOJEsIIOBAHHAX MOKa3aHO 3HMXEHHS KyTa 3rMHaHHSA
Ta 6iYHOro Haxuny Npu goaaBaHHi «index-level» rBuHTIB
00 KOPOTKOT KOHCTPYKLiT (~25% BUrpall y >)XOpCTKOCTI)
[29]. HaTomicTb pi3HMUA ANa AOBroro (ABOPIBHEBOrO
(Buwe/HMX4Ye 3a nepesioM)) octeocuHTesy byna
MiHiManbHO, TO6TO AOAATKOBI FBUHTU HalleeKTUBHILLI
caMe B KOPOTKUX cUCTeMax. TakKuM YMHOM, 3alyUyeHHs
piBHS nepenomy y dikcauito NOMITHO niacunioe
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KOHCTPYKLIitO Ta 3MEHLYE PU3UK BTPATU KOpeKLUii KyTa
HaBiTb NPW HaBaHTAXEHHAX Ha BUTUH.

MoninweHHs dikcayii 3a gonoMorotw
NPOMIDKHUX FBUHTIB NiATBEPAXEHO TAKOX KIIiHIYHO.
Y NpocneKTUBHOMY AOCHiAXeHHI 3a y4yacTio 80
Naui€HTiB YCTaHOBMIEHO, WO 3aCTOCYBaHHSA KOPOTKOI
dikcauii i3 3anyyeHHsaM 3n1amaHoro xpebus pae
3MOry Kpalwe KopuryesaTu M yTpuMyBaTu KihOTUYUHY
aedopmMauito, Toai sk nponyck («MicT») yepes nepenom
npu3BOANTbL A0 nporpecyBaHHs Kido3y (pisHuMuSA
B cepeAHboMY 29% nNOPIiBHAHO i3 3aNy4YeHHAM
ypaxeHoro piBHs) [14]. YacToTa NoNOMKM iMNNaHTaTIB
npu ubomy 6yna Buwot B rpyni 6e3 reuHTIB y Tini
3/1aMaHoro xpebus. MeTtaaHanis oCTaHHIX pPOKiB TakoX
niagTBEpAMB, WO A0AABaHHSA FBUHTIB Y 3pyMHOBaHWUN
xpebeub nigBuwye 6ioMmexaHiyHy cTabinbHicTb,
3abe3neyye Kkpawe BiAHOBNIEHHS BWUCOTWU, 3MEHLUYE
BTpaTy KOpeKLuii Ta YacToTy pparMeHTauii iMnnaHTaTis
[30]. BignoBigHo, 6araTto aBTOpPiB PeKOMEHAYTb Yy
BMNagKax HecTabinbHUX KANHoNoAibHMX abo BUBYxX0oBUX
nepesioMiB AOMOBHIOBATN KOPOTKY TpaHCMNeAUKYNAPHY
dikcauito rBMHTaMuM B 3/1aMaHoMy xpebui. Takui
niaxia 3HMXYE MMOBIPHICTb MOBTOPHOr0 MPOCiAaHHSA
TpaBMOBAHOro xpebus Ta NOIOMKN METaNOKOHCTPYKLIT
[28]. Xo4a npOMiXHi FBUHTM 3HAYHO 3MiLHIOIOTb KOPOTKY
cucTemy, y BUNaaKy Ayxe HecTabiNbHUX yLIKOAXEHb
(nepenomo-BuBuxie Tuny C 3a AO) HaBiTb noninweHa
KopoTKka dikcauis Moxe MOoCTYynaTUCS 3a XOPCTKICTIO
AOBIrMM KOHCTpYKUiaM [13]. OTxe, npyn 6araTOKONOHHMX
nepesioMax 3 BUPa3HOK HecCTabiNnbHICTIO AOUINBHO
3acTocoByBaTK AO0BLWI dikcauii, Toai sk aNna 6inbWoCTi
BMBYX0BUX nepenomMiB y 30HI MM edekTUBHOW €
KOpPOTKOCErMeHTHa cucteMa, niAcuieHa rsuHTamMu B
nowKkoAXeHoMy xpebui.

Bnavse AOBXXHUHWU FBUHTIB

[JoBXMWHa rBUHTIB, 30KpeMa BUKOPUCTaAHHA
b6ikopTnkanbHMx (AOBrMX) rBUMHTIB i3 nepdopauieto
nepeAHbOi KOPTUKANbHOI NAACTUHKKU, BNJIMBAE Ha
MiLHICTb (hikcalii Ta XapakTep po3MnoAiny HaBaHTaXeHb.
BikopTvkanbHe 3aKkpinieHHs TpaaUUiHO BBaXa€ETbCS
MILHIWMM 32 paxXyHOK 3aJly4YeHHS MPOTUNEXHOI CTiHKU
xpebus. EkcnepnMeHTanbHO NOKa3aHo, WO eKcTpakLUiiHe
3ycunns, HeobxiaHe ANS BUAYYEHHS TBUHTA, MOXe
6yTn Ha ~40% 6inbwum nNpu 6ikopTUKanbHIK dikcauii
NOpPiBHAHO 3 yKOpo4YyeHUM reuHToM [31]. Lle ocobnueo
aKTyanbHO MpM OCTEONOpPO3i, KOAM [OBLWI FBUHTU
3HA4yHO MOMINWYTb YTPUMAHHSA iMNAAHTaTy B KiCTUi
[32]. «XopcTKiwnn» aHKep y BUrISA4i AOBrOro rBuHTa
3MIHIOE PO3MNOAIN HarnpyXeHb Y CUCTEMIi. 30KpeMa
MoAentoBaHHS naTepodnekcii nokasasno, Wo KOpOTKi
(MOHOKOpPTMKaNbHI) FBUHTU CTBOPHOIOTbL MEHLIi MNiKOBI
HanpyXeHHs B KOHCTPYKUii NOPIBHAHO 3 AOBrnmMu
6iKOPTUKANbHUMU — Yy BCiX KOHTPOJIbHUX TOuKax
MoAeni HaBaHTaXeHHSA NpU BUKOPUCTAHHI AOBLIMX
reuHTIB 6yno gewo Buwmm. OTXe, AOBWUINA FBUHT,
MiLHiWe «3B'A3yt0un>» CTpUXeEHb i3 xpebuem, bepe Ha
cebe 6inblle MOMEHTY, WO MOXE CMPUUYUHUTK Binblie
NloOKanbHe Hamnpy>XeHHS B AiNSHUI MOro BXOAXEHHS.
HaToMiCTb KOPOTKi FBUHTU AELO «MOCTYNakTbCa»,
pPO3MNOAINAIYMN HAaCTUHY HAaBaHTAXEHHS Yepes CTPUXKHI.
BaxnmBo, WO pPi3HULUSA HAaNpyXeHb HE € KPUTUYHOLO, ane
BOHa iCHYE Ta MOXe HabyBaTK 3HAYEHHS 38 FPaHUYHNX
HaBaHTaXeHb.

3acTocyBaHHS 6iKOPTUKANbHUX FTBUHTIB @COLIIOETHCS
3 NiABUWEHUM PU3NKOM MOLWKOAXKEHHSA NpUNernnx
CTPYKTYp (CyAnH, opraHis) y pasi npobutTs nepeaHboi
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KOPTUKanbHOI CTiHKW, TOMY npu BUO6OPi AOBXWHU
FBUHTIB C/ig ypaxoByBaTWM aHaTOMiyHi ocob6auMBOCTI
nauieHTa Ta HeobXigHWi 6anaHc MiX cTabinbHicTIO i
6e3neyvHicTio [33].

3MIiHN Hanpy>xeHb y CTPMIKHSAX, rBUHTax Ta
CYyMiXKHUX xpebysax

AHaniz HanpyXeHo-AedOpPMOBAHOIro CTaHy
KOHCTpPYKLUIi Npu natepodnekcii BUSBUB xapaKTepHUi
po3noAin HaBaHTaXeHb MiX ii eneMeHTaMu.
MakcuManbHi HanpyXeHHs 3a3BUYall BUHWUKANU B
KpalHix (ocobnmBo KayaanbHUX) FBUHTaAX, OCKiNbKU
BOHW HeCyTb Hanbinblly 4YacTKy HaBaHTaXeHHS Ha
3rnMH. Hanpuknag, y MmoAeni KOpoTKOro oCTeOCUHTE3Y
nepenomy xpebus L1 Hanbinbwnii exkBiBaneHT
Hanpy>XeHHSA KOHLEHTPYBaBCS CaMe B HUXHIX FBUHTax
KOHCTpyKuUii [34]. AHanoriyHi pe3ynbTtaTtv OTPMMaHoO
i B HawWoMy AocnigxXeHHi. looaaBaHHA MPOMIXHUX
FBUHTIB 3MiHIOBA/IO KapPTUHY: HAaBaHTaXXEHHSA YaCTKOBO
nepepo3noAinanocsa 3 KparHiX rBUHTIB Ha piBeHb
nepenoMy Ta CTPWXHi. 3a AaHUMW MOAENOBAHHS,
YCTQHOBJIEHHSI TBUHTIB Yy 3N1aMaHuii xpebelb 3HUXYE
Hanpy>XeHHs B IHWWX FBUHTax KOHCTpykKuii. Tak,
y WeCTUrBUHTOBIN MoAeni 3apeecTpyBanmn MeHLWi
eKBiBaNieHTHi HanpyXeHHS B TPaHCNeAUKYNSAPHUX
rBUHTAX MOPIBHAHO i3 YOTUPUIBMHTOBOK CUCTEMOIO
[28]. BogHo4yac HaBaHTaXeHHS B CTPUXHI AeLwo
3poCTano, afXe XOPCTKilWe «3B'A3yBaHHSA» CerMeHTa
3MYLWYE WTAHIy NpunMaTun b6inble 3ruHanbHOro
MOMeHTY. Y pocnigxeHHi Hongwei Wang Ta cniBasT.
YCTAHOBJ/IEHO, WO HanpyXeHHs B 3'€AHYBasbHUX
CTPUXHAX 3@ HAABHOCTI MPOMIDKHMX FBUHTIB AOCArano
piBHS, NoAibHOro A0 Takoro Npu AOBroCerMeHTHIl
dikcauii, Toai sk 6€3 NPOMIXKHUX FBUHTIB HaBaHTaXXEHHS
Ha CTpuXeHb 6yno gewo MeHWUM [35]. 3HUXEHHS
Hanpy>XeHb Y FBUHTaxX MNpu 3aCTOCYyBaHHiI MPOMIXKHUX
FBUHTIB € MO3UTUBHWM UYMHHWKOM, OCKiNlbKM caMme
nepeHanpy>XeHHs UMX efleMeHTIB Ta IXHbOro OTOYEHHS
B KiCTui HalyacTiwe Npu3BOAUTb A0 BTOMHOTO
pylriHyBaHHA abo po3XMTyBaHHSA iMNNaHTaTIB.

Ba>xn1MBMM acnekTOM € pPO3MNOAiN HaBaHTaXeHHS B
TiNi NOWKOAXKEHOro Ta CYMDKHUX XpebuiB 3anexHo Bij
KoHdirypauii dikcauii. Akwo ypaxeHun xpebeub He
3any4yeHnn y KOHCTpyKUito (TBUHTW NMpoBeAeHi nuwe
B CYCiAHiX xpebusix), To, NONpu MiHiManbHYy y4yacTb Yy
nepenavi HaBaHTaXXeHHS, NeBHa YaCTUHA 3rMHaNIbHOro
MOMEHTY PEECTPYETbCS B WOro Tini. Y Bunaaky
BUKOPUCTAHHSA MPOMIXHUX FBUHTIB HaBaHTaXXEHHS Ha
nowKoAXeHNn xpebeub AOAATKOBO 3MEHLIYETLCSA, O
CNPpUYMHIOE HDOPMYBAHHSA MOMIPHUX HanpyxeHb [34].
Lle He nuwe 3MeHLWYE HaBaHTaXeHHS Ha NOLKOAXKEHWNN
CEerMeHT, a 0TXe, NMOBIpHICTb BTOPUHHOI AedopMalii,
a  CTUMYNIOE WOro peMoAentoBaHHsS 3rigHo i3
3aKoHOM Bonbga, Wwo cnpuse KpawoMy 3pOoLLeHHI0 Ta
3aroeHHt [36].

LLloao CyMibKHUX HE3a4iSHUX CerMeHTIB AOCIAXKEHHS
BUSBWUIM, LLO 3aHAATO XXOPCTKiI KOHCTPYKLUIT MOXYTb
36inblyBaTU HaBaHTaXeHHS Ha CYMiXHi MixxpebueBsi
OVCKU. 30KpeMa MaKCMManbHUN BHYTPILWHbOANCKOBUI
TUCK Y BEPXHbOMY CYMIDKHOMY CErMeHTi 3a3Bu4yan €
BULLMM, HIXX Y HWXHbOMY [37], WO MoXxe BKalyBaTu
Ha MOTEHUIMHMA PU3NK NepeBaHTaXXeHHS BEPXHbOro
cyciaHboro aucka. OTxe, kopoTwa dikcauyia 3
BMKOPUCTAHHSAM MPOMIXHUX FBUHTIB, sika 36epirae
PYXOMiCTb 6inblIOi KiNbKOCTi CerMeHTiB, MOTEHLINHO
MEeHLUIe BMJIMBAE Ha CYCiAHi PiBHi MOPIBHAHO 3 HaATO

OOBMMMU 1 pUTIAHMMU KOHCTpyKUiaMu. Mpu Bubopi

51

onTMManbHOI KOHMIrypauii dikcauii cnig ypaxosysatu
uen 6anaHc: 3abe3nevyeHHs AOCTaTHLOI XXOPCTKOCTI
ana edbekTuBHOI cTabinizauii nepenomMy Ta yHUKaHHS
HaAMIpPHOro «eKpaHyBaHHS» HaBaHTaXeHHs, LWo
MOXe HeraTMBHO BMJIMHYTW Ha iMNaaHTatn W CycigHi
aHaTOMIiYHI CTPYKTYypw.

Pu3nkun nepeBaHTa>KeHHSsI €J/IEMEHTIB
KOHCTPYKUii npn narepognekcii

BiyuHe 3rMHaHHS xpebTa CTBOPIOE acMMeTpuUUHe
HaBaHTaXeHHs Ha IMMNJaHTOBaHy CUCTEMY: OAWH
CTPUMIXXEHb BifYYyBa€E KOMMPECit0, MPOTUNEXHUN —
pO3TAryBaHHSA, @ TPAHCNEAUKYNSAPHI FBUHTK 3 6OKY
HaxXMNy 3a3HaKTb ICTOTHUX 3TMHANbHO-KPYTHUX
MOMEHTIB. TakuUi pexXuM € KpUTUYHUM AN KOHCTPYKUIT,
OCKiNIbKM KOHUEHTPYE HarnpyXeHHS Ha OKpeMux
enemMeHTax. AKWo MiLHicTb abo kKoHdirypauia gikcauii
HeJoCTaTHi, TO natepodnekcia MOXe NpU3BeCTU
A0 NOKANbHOrO0 MNepeBaHTaXeHHS - BTOMHOIO
TPilWMHOYTBOPEHHS B CTPMXHIi abo nocTynoBoro
PO3XUTYBAHHS FBUHTIB Yy KiCcTuUi. ICTOpPpNUYHO KOPOTKI
YOTUPUTBUHTOBI CUCTEMM YacTo acouiloBanucs 3
BiAMOBaMM iMnnaHTaTiB (3/1@aM CTPUXHSA, BUTMH abo
«BUPUBAHHSA» FBMHTIB) NPV HaBaHTaXeHHAX, 30KpeMa
B 6i4yHiN npoekuii. [JloonaBaHHSA MPOMIXHUX FBUHTIB
3HAYHO 3HWXYE PU3UK TaKUX YCKIaAHEHb, OCKillbKKN
nepepos3noAiNiIfe 3yCuUnna: AK 3a3Ha4yeHo Bulle,
Hanpy>XeHHS B HaNbiNnbWw HaBaHTaXeHUX FBUHTaAX
3MEHLWYETbCS, @ 3arajibHa XOPCTKICTb KOHCTPYKLUIi
3pOCTaE, WO CTPUMYE HAAMIPHI 3MilLleHHA Ta UMKJIivYHe
HaBaHTaxeHHs [28]. 3a AaHUMKM KNiHIYHKMX cepin,
3aCTOCYBaHHSA LECTUIBUHTOBOI KOHCTPYKLii CYyTTEBO
3HMXYE 4acTOTy MOJIOMKW METasIOKOHCTPYKLUIi, Xo4a
MOBHICTIO He BUKtoYae ii. Hanpuknag, Liao Ta cniBasT.
nosigomMmnmn npo 6nm3bko 11% BuNaakiB BiAMOBU
iMNnaHTaTiB HaBiTb MPW BUKOPUCTAHHI FBUHTIB Yy
nepenomi (y 3 i3 27 nauieHTiB) [38, 39]. B iHwomy
baraTopiyHOMY CMocCTepexXeHHi KOpoTKoi dikcauii 3
NPOMIXHMMU FBUHTAMW YacToTa 3/1aMiB/pPO3XUTYBaHHS
iMnnaHTaTiB cTtaHoBuna 16,7% [30]. Lle cBigunTtb
npo Te, WO NepeBaHTaXeHHS MOXJIMBE HaBiTb B
YKPINAEHUX KOHCTPYKLiAX, 0COBMBO SKLWO MALLiEHT
paHO MOBEPTAETbCA A0 3HAYHOI (Pi3NYHOT aKTUBHOCTI
abo € 0CTEONOPOTUYHI 3MiHW.

3HayHe HaBaHTaXeHHsa npu natepodnekcii
npunagae Ha CTPUXEHb, MPOTUMEXHUIN HaNpPAaMKY
HaxXuny, WO NpaLtoe Ha po3TAryBaHHS. Y LLbOMY KOHTEKCTI
BaX/IMBOK € pOJib MOMNEpPeyYHnX 3B’A30K (KOHEKTOpiB)
MiX CTpuxHAMU. [logaBaHHA xo4da 6 ofHIEl mnonepeyHoi
nepeMnyKu NiaBULLYE NPOCTOPOBY XOPCTKICTb CUCTEMU
Ta CUHXPOHI3YE pobOTY MiBOro M NpaBOro CTPUXHIB,
3anobiratym ixHbOMy HaZMipHOMY PO36iXXHOMY BUTUHY.
3a AaHWMMU MOAENIBaHHSA, HAABHICTb MoOMNepeyHoi
nepeMnyKkn 3MeHLYE piBeHb Hamnpy>XeHb Y FBUHTax
i CTpMXHAX nNpu 6iYHOMY HaBaHTa)XeHHi. 3okpeMa
KOMbiHaLUig KOPOTKMX FBUHTIB i3 NONepeYHUM 3B'A3KOM
npoAeMOHCTPyBana HalMeHLWi KPUTUYHI HanpyXeHHS
cepen BunpobyBaHUX KOHdirypauin, wo pobutb ii
6iomexaHi4yHO onTuUManbHOK Npu natepodnekxcii [17].
TakuM YMHOM, NS 3MEHLLUEHHS PU3MKY NepeBaHTaXXeHHS
KOHCTPYKLUIT AOLiSIbHO 32aCTOCOBYBAaTU MPOMIXHI FBUHTU
Ta, 3@ MOXJIMBOCTI, OCHaLlyBaTW CUCTEMY NOMNEPEYHUMU
KOHeKTopaMu - Ui 3axo4auM NOAINWYKTb po3noain
HaBaHTaXXeHHS Ta NiABULYIOTb pe3epB MIiLHOCTI
iMnnaHTaTiB nig 4yac 6i4YHMX HaBaHTa)XeHb. Takui
nigxia xapakTepusyeTbCA MNEBHUM KOHMAIKTOM Mix
bioMexaHi4YHO Ta KNiHIYHOK AOUINBbHICTIO, OCKiNlbKMK

http://theunj.org
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B 6iNbWOCTI BMNAAKIB PO3rASHYTUI TUN XipypriyHoro
BTPYYaHHSA BUKOHYITb JINlIE MaJlOiHBa3nUBHUM
cnocoboM. YCTaHOB/NIEHHSA MOMepeyYHUX KOHEKTOpiB
notpebye BiAKPUTOro eTany BTPyYaHHS, WO NOTEHUINHO
MOXe HiBeloBaT nepesarn ManaoiHBa3nBHOIO MiAXO0A4Y.
Mpun BMbGOpi oNTUManbHOI TaKTUKU CNi4 ypaxoByBaTu
6anaHc Mix HeobxiaHOW cTabinbHICTIO KOHCTPYKLUIi Ta
Man0iHBA3UBHICTIO BTPYYaHHS 3 ypaxyBaHHSAM KNIHIYHUX
yMOB i noTpeb nauieHTa.

MopiBHAHHA KOPOTKMUX i AOBrux CUCTEM:
NpaKTU4YHi BUCHOBKM

bioMexaHiuyHi Ta KAiHiIYHI gaHi cBigyaTbh, WO
nNpaBMNbHO CKOH@IirypoBaHa KOpPOTKOCErMeHTHa
TpaHcneaukynapHa dikcauia moxe 3abesnevynTtun
edekTnBHY cTabinizauito BM6yxoBOoro nepenomy B
30Hi MM, 36epiratoun b6inblwe pyxoBUX CErMeHTIB.
KopoTka KOHCTpyKUis (4 TBUHTKU) i3 AOAaBaHHAM
FBUHTIB Yy MOLWKOAXEHUN Xpebeub 3a XOPCTKICTIO
HabnnXaeTbCa A0 AOBrOCErMEHTHOI CUCTEMU 1 3HAYHO
nepesBeplIye CTaHAAPTHY KOPOTKY KOHCTpyKuito 6e3
npoMixkHux onop [29]. Taka KoHdirypauis AeEMOHCTPYE
CNPUATANBUIA PO3MOAIN HAaNpPYXeHb — MiHIMaNbHI KpUTUYHI
Hanpy>XeHHs Yy FBUHTaX cepej BapiaHTiB dikcauii,
NPUMHSATHE HaBaHTaXEHHS B CTPUXHAX Ta 3anyyYeHHs
Tina 3namaHoro xpebus A0 HeCeHHS HaBaHTaXeHHS,
WO MNOTeHUiMHO noninwye octeoreHe3 [34]. KniHiyHO
ue nonsirae B Kpawomy 36epexeHHi BUCoTn xpebus Ta
MEHLLIOMY nporpecyBaHHi gedopmauii 6e3 36inblieHHS
4acToTM ycknagHeHb [14]. OTxe, ykpinneHa KopoTka
dikcauia nae 3Mory obMexmTnca MiHiManbHO HeobxiaHO
KinbKiCTIO PiBHIB, WO 0CO6MMBO BaXJIMBO B MOJOAUX
nauieHTiB aons 36epexeHHs pyXJMBOCTI xpebTa, Ta
YHUKHYTW 3alBOI iHBanian3sauii CyMiKHUX CErMeHTIB.

[oBrocerMeHTHi cnctemum (po3LWMNpPEHi LWOHaNMeHLWwe
Ha ABa piBHi BMLWeE i HUXYe 3a TpaBMy) 3abe3nevytoTb
MaKCuMarsbHy CTabiNbHICTb 3a paxyHOK 6araToonopHOCTI Ta
LUMPOKOrO pO3MnoAiNy HaBaHTaXeHHs. BoHW 3anmwaTbCs
MeToAOoM BUOOpY Npu KpanHin HecTabinbHOCTI Nepenomis,
3Ha4YHOMY OCTEOMOPOTUYHOMY YypaXeHHi KicTkn abo
6araTopiBHEBMX YLWKOAXEHHSAX, KO/ KOPOTKa dikcauis
HaBiTb i3 NPOMIXXHUMW FBUHTAMM MOXeE He rapaHTyBaTu
yTpuMaHHsa kopekuii. OgHak nnaTa 3a uyk ctabinbHicTb
- BTpaTa PyXOMOCTi A0AaTKOBUX XpPebTOBUX CErMeHTIiB
i MOTeHUiNHO binblue HaBaHTaXeHHS Ha e He3aAisHi
CYMIXHI piBHi.

MopiBHAHHA pe3ynbTaTiB NiKyBaHHA BUABUIIO, LLO
3a BiACYTHOCTiI nMoka3aHb A0 AyXe AO0Broi ctabinizauii
YKOpOUYEHi KOHCTPYKLUIl i3 3a7ly4eHHAM nepesiomy
He MOoCTynakwTbCA AOBrMM CUCTEMaM 3a KNiHIYHUM
pe3ynbTaToM, ane AalTb 3MOry 3MeHWWUTM obcsar
XipypriyHoro BTpy4yaHHs Ta 36epertu 6inbLie aHaToOMiYHOI
dyHKUiT XxpebTa.

TakuMM YUMHOM, 3riAHO i3 Cy4YaCHUMUN ySABJIEHHSMWU MPO
nikyBaHHa BMbyxoBux nepenomis y 3oHi MM nepesary
cnif BiafAaBaTM MakCMMasaibHO EKOHOMHWUM, ane OCTaTHbO
cTabinbHUM MeTopaM dikcauii. KopoTkocermMmeHTHa
TpaHCNeAuKynspHa cucTemMa 3 NMPOMKHUMU FBUHTaMMu
aBnse coboto 36anaHcoBaHW niaxia, wo 3abesnevye
HanexHy cTabinbHicTb Npu natepodnekcii Ta iHWKX
HaBaHTaXeHHSAX, OAHOYACHO MIHIMI3YyIOUYM PU3UKKU
nepeBaHTaXXeHHS iMNIaHTaTIB i AereHepauii cycifHiX
cermeHTiB. Len niaxia niaTBepAXYETbCSA AK AaHUMU
6iomMmexaHiYHUX JocnigXeHb (30KpeMa 4YMCNOBUM
MOZLE/0BaHHAM Ta KaAaBepHMMU BUNPOOYyBaHHAMM), Tak
i KNIHIYHMMW CNOCTEPEXEHHSAMM i3 4OCTATHIM rnepioaom
nicnsonepauinHoro Harnsaay.

http://theunj.org
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Ona 6inbwocTi TpaBm TMnNy A (BM6yxoBux) y 30Hi Th10-
L2 pouinbHO 3aCTOCOBYBaTM KOPOTKY TPAHCNEANKYNAPHY
dikcauito i3 3any4yeHHSIM nepenoMHOro xpebus, ska
3abe3neyye HeobXiaAHY CTabiNbHICTb i3 MEHLWMM 06CAroM
dikcoBaHoro Bigainy. J/inwe B pasi Haa3BUYAWHO
HecTabiNbHMX YLWKOAXEHb Y/ HECMTPOMOXHOCTI KICTKOBUX
CTPYKTYp nepesary cnij BigAaBaTu AOBWWM CUCTEMAM,
34aTHUM ybe3neunTu KOHCTPYKLIIO BiA NnepeBaHTaXeHHs
3a 6yAb-AKUX YMOB.

BucHoBkM

3a pe3ynbTataMu aHanily HanpyxXeHb y 18
KOHTPOJIbBHUX TO4YKax ANS YOTUPbOX MOAenel MOXHa
3pobuTKn Taki BUCHOBKMU:

1. MpomixHa ¢ikcauis 3pynMHoBaHoro xpebus
(Th12) mMae BupiwanbHe 3Ha4YeHHA ANS Nepepo3noainy
HaBaHTaXXeHHs Npu natepodnekcii. JlogaBaHHSa ABOX
NPOMDKHUX FBUHTIB Y TiNo xpebusa Th1l2 cnpusie 3HauHOMY
3HMXKEHHIO HaNpyXeHb Yy KPUTUYHUX efleMeHTax
KOHCTPYKLUIi Ta XxpebTa.

2. [loBri TpaHCNeAUKYNApHi rBUHTU (yCTaHOBNEHI
ranblie B Tinla CyMiKHUX XpebuiB) 3arasoM noninwyTb
bioMexaHiKy KOHCTPYKUii, Xo4ya iXHiAi BNAMB MeHL
MOMITHWI, HiXX BNAMB MPOMIXHUX FBUHTIB.

3. KombiHOBaHe 3acToCyBaHHS AOBrUX FBUHTIB i
npoMixHOI dikcauii (M4) 3abe3neyvye HaNONTMMasbHILWLWIA
po3noAin HanpyXeHb. Y Uilh Moaeni 3apeecTpoBaHoO
HaWMeHWi 3Ha4YeHHS HanpyXeHb Malxe B YCixX
KOHTPOJIbHUX TOYKaX. TakKMM YNHOM, M4 MOXHa BBaxaTu
Hanbinbw 36anaHcOBaHMM BapiaHTOM KOPOTKOrO
CerMeHTapHOro OCTeOCUHTe3y ANS TpaBMW B AiNSHUI
xpebus Thl2, skuih noegHye nepesarn o60x nigxoais:
NpOMiXHa onopa Ha piBHi MepenioMy iCTOTHO PO3BaHTaXye
KOHCTPYKLiO, @ AOBri rBUHTU AatTb 3Mory 6e3neyHo
peanizyBaTu L OMNOPY, PiBHOMIPHO pO3NOAiNsYMn
Hanpy>eHHs.

4. MNpaKTWYHi Hacnigkn. Pe3ynbTtaTtun aHanisy
cBigyaTb, WO Npu NiKyBaHHI BMOYXOBUX MnepesioMmiB
ainsaHkun NN cnig BipaaBaTn nepesary KOpPOTKiM
dikcauii i3 3a5y4eHHaAM 31aMaHoro xpebus B cuctemy
(NpoMixHi rBUHTK). Lle gae 3Mory AOCSArTM MiLHOCTI,
HabnVKeHOI A0 TaKoi Npy TpaAuLinHin A0Brin dikcauii (2
piBHi BULLE/HUXKYE 3a NepesioM), ane 3 MeHWMM 06arom
iMnnaHTaTiB. [JOBXWHa TpaHCNEeAUKYNSPHUX FBUHTIB
Mae 6yTn MakCMManbHO MOXJIMBOK B MeXaX aHaToMii
nauieHTa, ocobnmMBO NpuM BUKOPWUCTAHHI NPOMIXHUX
FBUHTIB, W06 YHUKHYTW NIOKaJbHUX MepeHanpyxXeHb.
O6uaBa YMHHMKW pa3OM 3MEHLIYIOTb HaBaHTaXeHHS
Ha iMNAaHTaT i KiICTKOBI CTPYKTYpU, WO MOTEHLINHO
NOMIMWYE KNIHIYHI pe3ynbTaTn: MEHLLMN PU3MK BIAMOBM
iMnnaHTaTiB, Kpalli yMOBW ANS 3pOLEHHS Nepesiomy Ta
36epexeHHs pyX/MBOCTI cerMeHTiB XpebTa.
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Introduction: Intracerebral hemorrhage (ICH) with intraventricular
hemorrhage (IVH) is a serious condition associated with high morbidity and
mortality. External ventricular drainage (EVD) is a major tool in the treatment
of IVH to manage elevated intracranial pressure and may reduce short-term
mortality.

The aim of this study was to determine the impact of EVD placement in the
acute phase on mortality and short-term neurologic outcomes in patients with
spontaneous ICH associated with IVH.

Materials and methods: We conducted a prospective observational study
including adult patients admitted to Gabriel Toure University Hospital over a
five year period between January 2019 and December 2023. Demographic,
clinical and radiographic characteristics of patients were recorded. All patients
who underwent EVD for primary diagnosis of ICH and radiographic evidence
of IVH were included. The Graeb score was used to assess the severity of
IVH. Outcomes were evaluated using the Glasgow Coma Scale (GCS) and the
modified Rankin score (mRS). Statistical analysis was performed to determine
independent predictor factors of 30-day mortality using Wilcoxon rank sum test
and Fisher’s exact test. P value < 0.05 was considered statistically significant.

Results: During the study period, a total of 63 patients were admitted for
spontaneous ICH and IVH was associated in 24 (38.1%) patients. Among
them, EVDs were placed in 17 patients. The mean age was 49 years with
range of 27 to 66 years. There were 11 males and 6 females. The main risk
factors of stroke were hypertension in 13 patients and diabetes in 7 patients.
The initial GCS ranged from 5 and 8. Unilateral pupillary dilatation was found
in 8 patients. The duration of EVD ranged from 1 to 8 days. The short term
mortality rate was 70.5 % at 30 days. The functional outcomes were poor in
4 patients with mRS score of 4 and 5. The independent predictor factors for
30-day mortality were poor GCS (p=0.319), Mydriasis (p=0.245) and poor
Graeb score (p=0.004).

Conclusion: The placement of EVD in patient with IVH remains controversial.
Our study reveals the high mortality rate in patients with ICH despite this
procedure, raising questions about the usefulness of this procedure in our
setting. Although our study demonstrated a high mortality rate, patients
with appropriate indications undoubtedly require EVD. Complementary and
randomized studies are necessary in the future.

Key words: intracerebral hemorrhage; intraventricular hemorrhage; external
ventricular drainage; Glasgow Coma Score; functional outcomes

Introduction

of the EVD in the setting of ICH with IVH and its impact on

Intraventricular hemorrhage (IVH) accounts for 40%
of intracerebral hemorrhage (ICH) patients and 10% to
15% of all strokes. IVH is predictor of high mortality and
poor outcomes [1, 2, 3]. According to the literature the
30-day mortality rate can reach 52 %. Half of those deaths
occur in the first 2 days [4, 5, 6]. ICH with IVH causes
increased intracranial pressure (ICP). External ventricular
drainage (EVD) remains a major tool in the treatment of
IVH to manage ICP and may reduce short-term mortality
[7, 8, 9]. There is less evidence to guide the management

outcome remains controversial. The aim of this study was
to determine the impact of EVD placement in the acute
phase on mortality and short-term neurologic outcomes
in patients with spontaneous ICH associated with IVH.

Materials and methods

Study participants

We conducted a prospective observational study
of adult patients admitted to Gabriel Toure University
Hospital between January 2019 and December 2023.
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Inclusion criteria

All patients with a primary diagnosis of ICH and
radiographic evidence of IVH were included.

Exclusion criteria

Patients with aneurysmal subarachnoid hemorrhage
or ICH related to trauma or underlying lesions were
excluded as well as patients with Glasgow Coma Scale
3 (GCS) at presentation and bilateral fixed pupillary
dilatation.

Group characteristics

Demographic, clinical and radiographic characteristics
of patients were recorded. Graeb score was used to
assess the severity of IVH. EVDs are considered in
patients with GCS < 8. The EVD placement procedure
was carried out in the operating room in all cases. EVDs
were placed into the frontal horn of the lateral ventricle
according to the localization of hematoma in the right
or left ventricle. Postoperative CT scan was performed
to confirm intraventricular position of the catheter tip.

Study design

Short-term mortality was recorded and outcomes
were evaluated using the GCS and the modified Rankin
score (mRS).

Statistical analysis

Statistical analysis was performed to determine
independent predictor factors of 30-day mortality using

Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

Wilcoxon rank sum test and Fisher’s exact test. P value
< 0.05 was considered statistically significant.

Results

During the study period, a total of 63 patients were
admitted for spontaneous ICH and IVH was associated
in 24 (38.1%) patients. Among them, EVDs were placed
in 17 patients. The mean age was 49 years with range
of 27 to 66 years. There were 11 males and 6 females.
The main risk factors of stroke were hypertension in
13 patients and diabetes in 7 patients. The initial GCS
was between 5 and 8. Unilateral pupillary dilatation
was found in 8 patients (Table 1). EVD was placed in
frontal horn in the lateral ventricle in all cases (Fig. 1, 2)
and continuous CSF drainage was indicated leading to
ventricle size and blood clot removal (Fig. 2, 3). The
duration of EVD was 1 to 8 days. Four (23.5%) patients
experienced infection as a complication. The short-
term mortality rate was 70.5 % at 30 days including 8
males and 4 females with a mean age of 53 years. The
functional outcomes were poor in 4 patients with mRS
sore of 4 and 5 (Table 2). The independent predictor
factors for 30-day mortality (Table 3) were poor
GCS (p=0.319), mydriasis (p=0.245) and poor Graeb
score (p=0.004).

Table 1. Demographic, clinical and CT scan (Graeb score) characteristics of 17 patients with EVD for IVH

Patients Gender Age (Years) Risk factors Initial GCS ab::?ritilaal'i-zies Graeb score
: Unilateral
1 Female 51 Hypertension 6 mydriasis 8
Hypertension Bilateral
2 Male 60 Diabetes 5 mydriasis 10
3 Male 27 7 Normal 5
; Unilateral
4 Female 49 Diabetes 8 mydriasis 8
Female 38 Hypertension Normal 7
6 Male 66 Hypertension Normal 9
7 Male 54 Hypertension 8 Normal 9
Hypertension Bilateral
8 Female 61 Diabetes 6 mydriasis 10
9 Male 40 Hypertension 7 Normal
10 Male 32 Hypertension 5 Normal
Hypertension
11 Male 65 Diabetes 7 Normal 9
Hypertension
12 Male 63 Diabetes 8 Normal 6
13 Male 39 Hypertension Normal 9
14 Female 31 7 Normal 4
15 Female 49 Hypertension 5 Normal 6
16 Male 47 Hypertension 8 %ryéifggfsl 9
17 Male 61 Hypertension 8 Normal 5

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Fig. 1. Preoperative CT scan showing IVH (A), postoperative CT scan showing intraventricular location of the
catheter tip (B) and photograph of Patient with EVD in-situ ICU (C)
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Fig. 2. Preoperative CT scan showing ICH with IVH (A), and postoperative CT scan showing intraventricular
catheter tip in the ventricle as well as the decrease of ventricle size and hematoma (B)

http://theunj.org



58 Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

Fig. 3. Preoperative CT scan showing IVH (A) and postoperative CT scan showing the complete evacuation of
IVH after EVD (B) with the burr hole in 3D (C)

Table 2. Mortality and mRS after 6 months in 17 patients with EVD for IVH

Patients Duration of EVD (days) Mortality (day of death) mRS
1 4 4 -
2 1 1 -
3 5 Alive 2
4 8 21 -
5 5 Alive 4
6 4 14 -
7 5 5 -
8 3 3 -
9 8 Alive 4
10 3 3 -
11 6 18 -
12 5 27 -
13 6 6 -
14 6 Alive 4
15 6 6 -
16 4 12 -
17 5 Alive 5

Table 3. Statistical analysis to determine independent predictor factors for short-term mortality

Mortality (30 days)

Characteristic Statistic NDlefz ﬁ":g ?lv:rr;l p-value!
Graeb score Median (Q1 - Q3) 9(8-9) 5(5-6) 8(6-9) 0.004
Gender >0.999
Female n (%) 4 (33) 2 (40) 6 (35)

Male n (%) 8 (67) 3 (60) 11 (65)
Age (years) Median (Q1 - Q3) 53 (48 - 62) 38 (31 - 40) 49 (39 - 61) 0.057
GCS Median (Q1 - Q3) 7(6-8) 7 (7 -18) 7 (6 -8) 0.319
Pupillary abnormalities 0.245
Mydriasis n (%) 5 (42) 0 (0) 5 (29)
Normal n (%) 7 (58) 5 (100) 12 (71)

Wilcoxon rank sum test; Fisher's exact test
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Discussion

IVH occurs in approximately 40 % of all ICH. In this
condition management of elevated ICP remains the goal
of treatment. EVD is the procedure of choice for the
treatment of acute hydrocephalus and increased ICP and
it is often placed as a life-saving measure. In 1890, Keen
[10] first described the technique of catheter placement
in the lateral ventricle and in 1918 Dandy [11] published
a technique involving anterior and occipital ventricular
horn punctures. EVD is usually indicated in patients with
GCS<9. According to the literature, EVD may reduce short-
term mortality by reducing ICP [7, 8, 9]. However, there
is no evidence that EVD improves functional prognosis.
There are no consensus criteria for the indication of EVD in
the management of ICH with IVH. We conducted this study
using the following criteria: IVH, GCS<9. Patients with a
GCS score of 3 and bilateral mydriasis were excluded.
Patient’s sociodemographic characteristics such as age,
sex, comorbidities and risk factors, as well as clinical
parameters, including GCS and pupillary abnormalities
were taken into account for prognosis. The short-term
mortality rate was 70.6% at 30 days. The independent
predictor factors of short-term mortality in our study
were the mydriasis (p=0.319), the poor GCS (p=0.245)
and the poor Graeb score (p=0.004). The decision to
place an EVD is multifactorial, including low GCS and the
amount of blood in the ventricles. Studies have shown
that early intensive care can decrease mortality and
improve functional prognosis [12, 13]. Adams et al. [9]
concluded that EVD decrease ventricular size but did not
affect the level of consciousness of patients. Shapiro et
al [14] also concluded that ventriculocisternostomy did
not improve prognosis. In a meta-analysis including 7
studies, Nieuwkamp et al. [7] found a slight improvement
with EVD, while there was no difference in terms of poor
prognosis between EVD and conservative treatment.
Staykov et al. [15] reported a mortality of 53% for
patients with EVD versus 71% in patients without EVD.
There is no prospective and randomized trial addressing
the effect of EVD in IVH on clinical outcome. Complications
of EVD include complete or partial occlusion and infection.
These complications are associated with poor outcome
[16]. Infection rate related to EVD was 27.6% in the study
of Kirmani et al [17]. In our study, the infection rate was
23.5% despite all EVD placements being performed in
the operating room. EVD placement using endoscopy
optimizes catheter position and allows aspiration of the
blood clot, whereas freehand placement of EVD without
the use of imaging guidance may be associated with
misplacement of the catheter tip in the ventricle. In their
study, Nawabi et al. [18] reported that only 78% of EVDs
were placed successfully on the first pass without the
use of imaging guidance. All EVDs were placed freehand
in our study with accurate placement of the catheter tip
in the ventricle confirmed by postoperative CT scan. We
do not have access to intraoperative imaging guidance.
Nevertheless, freehand placement of EVD is safe as long
as the intracranial anatomy is not disfigured to a large
extent, surface measurements are carried out precisely
and the puncturing is done perpendicularly to the skull
[19]. According to a meta-analysis including 680 patients,
neuroendoscopy is more effective than EVD combined with
intraventricular thrombolysis in terms of both hematoma
evacuation and prognosis [20]. Neuroendoscopic
evacuation of IVH improves outcomes compared with

59

EVD according to a systematic review with meta-analysis
by Mezzacappa et al. [21] Haldrup et al. [22] found that
EVD associated with fibrinolysis promoted hematoma
clearance and decreased mortality and improved good
functional outcomes. Furthermore, EVD combined with
continuous lumbar drainage has been reported to improve
the prognoses and quality of life in patients with IVH [23].
In our study, there was no endoscopy or thrombolysis
associated with EVD placement.

Our study is limited by the relatively small numbers
achieved over the period. Additionally, patients were not
randomized making it difficult to determine whether the
impact of placing the EVD in our setting was positive
or negative. Also, being a single institution study, it is
difficult to generalize the findings.

Conclusion

The placement of EVD in patient with IVH remains
controversial. Our study reveals the high mortality rate
in patients with ICH despite this procedure, prompting
questions about the usefulness of this procedure in
our setting. Although our study demonstrated a high
mortality rate, patients with appropriate indications
undoubtedly require EVD. Complementary and
randomized studies are necessary in the future.
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BHYTpilUHbOMO3KOBUIA KpoBOBMANB (BMK) i3 BHYTPilUHbOLWYHOYKOBUM KPOBOBUIMBOM
(BLLUK) € TSH)KKMM CTAHOM, LLO aCOLIETHCA 3 BUCOKOK 3aXBOPIOBAHICTIO Ta CMEPTHICTIO.
30BHIlWWHE BEHTPUKYNsipHe ApeHyBaHHS (3B[) — OAWH i3 OCHOBHUX MeTOAIB JliKyBaHHS
BLUK Ans KOHTPOAO MiABULEHOro BHYTPIlUHbOYEPENHOro TUCKY, SIKUI MOXe 3HU3UTU
KOPOTKOCTPOKOBY fleTanbHICTb.

MerTa: BU3HauMTu BNAMB yCTaHOBMeHHS 3B/ y rocTpin pasi Ha neTanbHICTb i KOPOTKOCTPO-
KOBi HEBPOJIOTiUHI pe3ysbTaTh B NaUi€HTIB 3i cnoHTaHHMM BMK, acouiioBaHumM i3 BLUK.

MaTtepianu i MmeToaun. MNposeaeHo NpocnekTnUBHe ob6cepBaLiliHe 4OCNIAXEHHS 3 yYacTH
AOPOCANX NALIEHTIB, rocniTanisoBaHUx A0 YHIBEPCUTETCbKOI NikapHi iMeHi Mabpiensa Type B
nepiog i3 ciyHa 2019 p. fo rpyaHs 2023 p. 3ibpaHo agemorpadiyHi, KNiHiYHI Ta pagionoriyHi
AaHi nauieHTiB. YCi nauieHTn, kMM BMKOHyBanu 3B mManu nepBMHHWUI adiarHo3 BMK i
niagTBepAXeHu 3a faHnmMu Bisyanisauii BLUK. ns ouiHky TshxkkocTi BLUK BukopucToByBanu
wkany Graeb. Pe3ynbTaTtu ouiHoBanu 3a wkanot koM MMasro (GCS) Ta MoangikoBaHo
wKkanot PeHkiHa. NS BU3HAYEeHHS He3anexHux npeaunkTopis 30-A4eHHOI fleTanbHOCTI
BMKOPUCTOBYBaNN KpUTepit BinkokcoHa Ta TOYHWUI KpuTepit diwepa. 3HayeHHs p<0,05
BBaXasiM CTaTUCTUYHO 3HAYYLLMM.

Pe3ynbratu. 3a nepioa gocnigxeHHs 6yno rocnitanizoBaHo 63 Naui€eHTU 3i CMOHTaHHUM
BMK, y 24 (38,1%) i3 H1X BMABAEHO CynyTHi/ BLUK. 30BHILIHE BEHTPUKYNSPHE APEHYBaHHS
BCTaHOBMeHO 17 nauieHTaM. Bik nauieHTiB cTaHOBMB Big 27 A0 66 pokKiB (cepeaHil Bik — 49
pokiB). Cepep Hux 6yno 11 4onoBikiB i 6 XXiHOK. OCHOBHUMW YNHHUKAMWN PU3UKY IHCYNbTY
6ynu apTepianbHa rinepteHsisa B 13 nauieHTiB Ta LykpoBui aiabeTy 7. NoyaTkoBa oUiHKa 3a
GCS - Bia 5 no 8 6anis. OgHObIYHE po3WNPeHHS 3iHNLI BUABIEHO y 8 nauieHTiB. TpuBanicTb
3B ctaHoBuna Bia 1 no 8 aHiB. JleTanbHicTb Yepesd 30 AgHiB — 70,5%. ®yHKUiOHaNbHI
pe3ynbraTn 6ynun HecnpuaTAnemMMmM B 4 nauieHTiB (4-5 6anis 3a MoANDIKOBAHOIO LKMo
PeHkiHa). He3anexHuMun npeanktTopamm 30-4eHHOI NeTanbHOCTI BUSBUINCSA HU3bKWUIM 6an
GCS (p=0,319), migpia3 (p=0,245) i Bucokuit 6an 3a wkanotw Graeb (p=0,004).

BucHoBKM. BukopuctaHHa 3B/ y nauieHTiB i3 BLUK 3anuwaeTbca npeagMeToM AUCKYCIl.
Hawe pgocniaxeHHs BUABUAO BUCOKWI piBEHb NeTaNbHOCTI cepea nauieHTiB i3 BMK,
He3BaXkatuun Ha 3acTocyBaHHs 3B/, WO CTaBuUTb NiA CYMHIB i1 eEeKTUBHICTb y Hawmnx
yMoBax. Xo4ya B A0CNiAXeHHi 3adikCoBaHO BUCOKY NleTanbHICTb, NAUiEHTX 3 BiANOBIAHMMM
nokasaHHsaMuM notpebytTb nNpoBeseHHs 3B[l. HeobxigHO mpoBecTu A0AATKOBI
paHAOMIi30BaHi AOCNIAXKEHHS.

KniouoBi cnoBa: BHYTPilWHbOMO3KOBUI KPOBOBW/INB; BHYTPILWHbOLWIYHOUYKOBUIA
KPOBOBWJ/IMB; 30BHILHE BEHTPUKYNAPHE APEHYBaHHS; LWKana KoM [Nasro; gyHKUioHanbHi
pesynbraTtu



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025 61

Original article

Ukrainian Neurosurgical Journal. 2025;31(4):61-67

doi: 10.25305/unj.333185

Status and prognostic impact of IDH1 in adult grade 4 diffuse gliomas

Mouna Zghal?, Slim Charfi!, Wicem Siala?, Soumaya Graja!, Fatma Kolsi3, Wafa Ghribi?,
Lobna Ayedi!, Mohamed Zaher Boudawara 3, Jamel Daoud?, Tahya Sellami Boudawara !

t Pathology Department and
Research Laboratory LR18SP10,
Habib Bourguiba University Hospital,
Sfax, Tunisia

2 Medical Radiotherapy Department,
Habib Bourguiba University Hospital
Sfax, Tunisia

3 Neurosurgery Department, Habib
Bourguiba University Hospital Sfax,
Tunisia

Received: 20 June 2025
Accepted: 20 August 2025

Address for correspondence:
Mouna Zghal, Department of
Pathology, Habib Bourguiba
University Hospital, El Ain Road Km
0.5, Sfax, 3029, Tunisia, e-mail:
monaOzghal@gmail.com

Background and objectives: The fifth edition of the WHO Classification of
Tumors of the Central Nervous System divides grade 4 diffuse glioma based
on IDH1 mutation in grade 4 astrocytoma, IDH-mutant and glioblastoma,
IDH-wild type tumors. This study aimed to evaluate the IDH1 status in grade
4 diffuse glioma as well as its correlation with clinicopathological features
and patient survival. To our knowledge, no Tunisian studies on the molecular
profile of diffuse glioma have yet been published.

Methods: This is a retrospective study including all cases of adult, grade
4 diffuse glioma collected in the pathology department of Habib Bourguiba
hospital.

Results: A total of 67 patients were included in the final analysis. The
expression of IDH1 was positive in 22 cases (32%). IDH1-positive tumors
were classified as grade 4 astrocytoma, IDH1-mutant while, 45 IDH1-negative
tumors were classified as glioblastoma, IDH1-wild type tumors (68%). IDH1
expression was correlated with younger age (< 40 years old), frontal location,
complete surgical resection and well-defined borders. IDHI1-positive tumors
were associated significantly with better prognosis. The 1-year overall survival
(0S) for grade 4 astrocytoma, IDH1-mutant was 86% compared with 8% in
glioblastoma, IDH1-wild type (p=0.008).

Conclusion: Our study investigated IDH1 expression in grade 4 diffuse glioma
and proved that grade 4 astrocytoma, IDH1 positive tumors displayed different
characteristics with a more favorable outcome compared to glioblastoma, IDH1
negative. Thus, evaluation of IDH1 mutation should be standardized routinely
not only as diagnostic marker but also to refine the prognostic classification
of these tumors.

Key words: grade 4 diffuse glioma; IDH1; astrocytoma grade 4, glioblastoma;
pathology; prognosis

Introduction

history of gliomas as a favorable prognostic biomarker,

Diffuse gliomas (DGs) are the most common
primary tumors of the central nervous system (CNS) [1].
Traditionally, CNS tumor has been classified exclusively
based on histological features. During recent years,
large-scale researches have made rapid advances
in understanding glioma genetics. The identification
of genetic impairments involved in gliogenesis led to
2021 World Health Organization (WHO) classification
based on an integrated histo-molecular diagnosis [2]
including radiation, chemotherapy (temozolomide and
PCV [procarbazine, lomustine, vincristine]. The isocitrate
dehydrogenase 1 (IDH1) mutation and its prognostic
impact remain the most studied. Despite their histological
similarity, this classification divides the grade 4 DGs
based on IDH1 mutation into two different prognostic
entities: grade 4 astrocytoma, IDH-mutant and
glioblastoma, IDH-wild type tumors. The most frequent
IDH mutation is IDH1-R132H, which is detectable by
immunohistochemistry using a specific antibody; other
IDH mutations are rare (about 10%) and require DNA
sequencing [3]. IDH 1 mutation is a landmark in the

which is associated with a good clinical outcome [4].
In addition, several other genetic alterations have
been identified in the pathogenesis of IDH-wild type
glioblastoma such as TERT promoter mutation, EGFR
amplification and +7/—-10 copy number changes [5].

Therefore, the aim of our study was to evaluate the
IDH1 status in grade 4 DGs and to assess its correlation
with clinicopathological and survival features.

Methods

Study design and population

This is a retrospective study including all consecutive
cases of grade 4 DG collected in the pathology and
radiotherapy departments at the Habib Bourguiba
University Hospital over a period of 9 years from 2016
through 2024.

Patients were enrolled in this study according to
the following criteria: histological diagnosis of grade
4 DG (according to 2021 CNS WHO classification) [2],
age over 18 years-old and available clinical and survival
data. This report follows the Strengthening the Reporting

Copyright © 2025 Mouna Zghal, Slim Charfi, Wicem Siala, Soumaya Graja, Fatma Kolsi , Wafa Ghribi, Lobna Ayedi,
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of Observational Studies in Epidemiology (STROBE)
guidelines. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and the national research
committee of Habib Bourguiba University Hospital
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Immunohistochemical study

Immunohistochemistry was performed on 5-
um -thick formalin fixed paraffin embedded tissues
sections using antibodies against IDH1-R132H mutant
protein (mouse monoclonal, clone IHC132-100, 1:400;
Genome-Me). The expression of IDH1-R132H was
determined by semi-quantitatively assessing the
proportion of positively stained tumor cells. Cytoplasmic
staining involving more than 10% of tumor cells was
considered positive. Cases with less than 10% of tumor
cells or staining of macrophages were considered as
negative [6, 7].

Statistical analysis

Statistical analysis was performed using SPSS
software version 22.0. Categorical variables were
described as frequencies and percentages. For
quantitative variables, means and standard deviations
were used when their distributions were normal.

Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

Otherwise, medians and extreme values were reported.
To examine the association of IDH1 expression with
the different clinicopathological features the Pearson's
chi-square test or Fisher’s exact test was applied for
categorical variables. Survival analysis was performed
using the Kaplan-Meier estimator and log-rank test to
assess the significant association of IDH1 expression
with overall survival (OS) and progression free survival
(PFS) times in diffuse gliomas patients. A p < 0.05 was
considered statistically significant.

Results

Clinicopathological characteristics of study patients

The study population consisted of 67 patients
representing 58.2 % of all DGs. The mean age at
diagnosis was 56,7 years £ 12,9. The cohort included
36 males and 31 females (sex ratio: 1,16). The mean
tumor size was 47.6 mm £ 14,8 mm. The tumors were
localized at the cerebral hemispheres in 56 cases (83.5%)
followed by diencephalon in 8 cases (12%) and ventricles
in 2 cases (3%). Only one case was in the cerebellum.
For hemispheres location, the frontal lobe was involved
in 23 cases (34.3%) followed by the temporal lobe in 17
cases (25.4%) and the parietal lobe in 12 cases (17.9%)
(Table 1).

Tablel. Comparison of grade 4 diffuse glioma characteristics according to IDH1 expression

IDH1
Variables P
Negative (%) Positive (%)
<40 5(21.8) 18 (78.2)
Age (years) < 0.001
> 40 40 (90) 4 (10)
Male 26 (7.7) 10 (27.7)
sex 0.14
Female 19 (72.3) 12 (38.7)
@ Frontal 8 (34.8) 15 (65.2)
_g Temporal 14(82.4) 3 (17.6)
g Parietal 10 (83.3) 2 (16.7)
Location 2 Occipital 4 0 0.02
Diencephalon 7 1
Ventricles 2 0
Cerebellum 0 1
<5 12 (63.2) 7 (36.8)
size (cm) 0.4
>5 19 (73) 7 (27)
Complete 8 (38.1) 13 (61.9)
Surgical margins | Partial 21 (77.8) 6 (22.2) 0.006
Biopsy 10 (83.3) 2 (16.7)
Well-defined 2 (12.5) 14 (87.5)
Borders <0.001
Ill-defined 28 (90.3) 3(9.7)
Negative 6 (57) 8 (43)
p53 . 0.5
Positive 16 (30,2) 37 (69,8)

Notes. Data reported in bold refers to p < 0.05

Pearson's chi-square test was used to compare categorical variables
*Fisher test was used instead of chi-square test if one or more variables had an expected frequency of less

than five.
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Immunohistochemical analysis of IDH1

The expression of IDH1 was positive in 22 cases
(32%). IDH1 positive tumors were classified as grade
4 astrocytoma, IDH1-mutant (Fig. 1) while IDH1
negative tumors were classified as glioblastoma, IDH1-
wild type tumors (N= 45; 68%) (Fig. 2).

Comparison of tumor characteristics according
to IDH1 expression

The clinical and pathological data of grade
4 astrocytoma, IDH1-mutant and glioblastoma, IDH1 wild
type tumors are described and compared in (Table 1).
The two tumors displayed significant differences in
various characteristics. Grade 4 astrocytoma, IDH1-
mutant was associated with a younger patient age
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(<40 years) (p<0,001), a frontal location of the tumor
(p=0,02), complete surgical resection (p=0.006) and
well-defined borders (p<0.001). No correlation was
observed with other the factors including sex, tumor
size and p53 expression.

Survival analysis

IDH1 positive tumors were associated with a more
favorable outcome. The OS of patients with grade 4
astrocytoma, IDH1 mutant were significantly longer
than glioblastoma, IDH1 wild-type tumors (1- year OS:
82% versus 8%; p=0.008) (Fig. 3). In addition, grade 4
astrocytoma, IDH1 mutant showed a prolonged 1-year
PFS compared to glioblastoma (48% versus 29%;
p= 0.01) (Fig. 4).

Fig. 1. Grade 4 astrocytoma, IDH1 positive (A) Gemistocytic astrocytoma grade 4 (H&E x 200) (B) Positive stain

for IDH1 (X200)
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Fig. 3. Overall survival of grade 4 DG according to IDH1 expression
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Fig. 4. Progression free survival of grade 4 DG according to IDH1 expression

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

Discussion

In the present study, we detected the IDH1-R132H
expression using immunohistochemistry in grade 4 DG,
and assessed its favorable prognostic impact among
grade 4 astrocytoma compared with IDH1-negative
glioblastoma. To our knowledge, this is the first study
reporting the impact of IDH1 expression in grade 4 DG
in Tunisia.

Nowadays, IDH1 mutation is commonly established
as a hallmark molecular feature of diffuse gliomas [3].
IDH1-R132H is the most common mutation (90%),
followed at a distance by IDH1- R132L, IDH1- R132S,
IDH1- R132C and IDH1-R132G mutations [8]. Currently,
immunohistochemistry is considered a reproducible and
available method for assessing IDH1 mutation. IDH1-
R132H antibody is highly specific for detecting the most
common mutation in the gene and has a sensitivity of
94% because of the lack of detection of other types of
IDH1 mutations [9, 10]. Immunohistochemical expression
rates of IDH1 in grade 4 DG have varied across studies.
A meta-analysis conducted by Chen et al. demonstrated
a wide range in the reported frequency of IDH1 mutation
with rates ranging from 18% to 81.8% [11].

The fifth edition of the WHO classification of tumors
of the CNS incorporates numerous refinements and
advances since the publication of the 2016 revised fourth
edition. Notably, the nomenclature of diffuse gliomas has
been significantly revised [2]. In the 2016 classification,
IDH-mutant diffuse astrocytic tumors were divided into
three distinct entities—diffuse astrocytoma, anaplastic
astrocytoma, and glioblastoma based on histological
criteria. In the updated classification, however, all
IDH-mutant diffuse astrocytic tumors are grouped under
a single category (IDH-mutant astrocytoma) and are
assigned a CNS WHO grade of 2, 3, or 4. Furthermore,
grading is no longer based solely on histology, as the
presence of a homozygous deletion of CDKN2A and/
or CDKN2B now qualifies the tumor for a WHO grade
4 designation, even in the absence of microvascular
proliferation or necrosis [5]. Moreover, the 2021 fifth
edition of WHO CNS classification emphasizes the role
of molecular diagnosis building on the sixth update
of the Consortium to Inform Molecular and Practical
Approaches to CNS Tumor Taxonomy (cIMPACT- NOW)
recommendations and 2016 WHO classification [12]. For
IDH-wildtype diffuse astrocytic tumors, the presence of
one or more of three genetic parameters: TERT promoter
mutation, EGFR gene amplification, combined gain of
chromosome 7 and loss of chromosome 10 are sufficient
to assign the diagnosis of glioblastoma, IDH-wild type
even in the absence of necrosis or microvascular
proliferation [12, 13].

IDH1-mutant gliomas occur commonly in younger
age compared to wild type tumors. According to a recent
study, the median age at diagnosis of IDH1-mutant
astrocytomas was 36 and versus 52 years in Glioblastoma,
IDH1-negative [14]. Consistent with this, we found a
positive association between IDH1 and age (< 40 years).
In addition, tumor location also appears to correlate with
IDH1 status. IDH1-wild type tumors are more deeply
situated with more infiltrative pattern, although mutant
gliomas are located frequently in the frontal lobe [16].
To date, correlation of IDH1 mutation with tumor size is
unclear; some studies found that IDH1-wild type tumors
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are larger [17] while other authors didn't found such
association [18] IDH status was determined on 114
and 27 patients, respectively. On univariable analysis,
improved five-year survival was independently associated
with concurrent TMZ (46.2 vs. 29.3 %, p = 0.02. Several
studies have demonstrated an association between IDH1
status and the extent of tumor resection. Astrocytomas
harboring IDH1 mutations are more likely to undergo
complete tumor resection compared to IDH1-wildtype
glioblastomas [19].

The association of IDH1 mutation with TP53 mutation
has been widely studied in the literature and has led
to contradictory results. IDH1 mutation was found
associated with TP53 mutation in several studies [10, 21],
whereas other authors did not found such an association,
consistent to our results [22, 23]. Immunohistochemistry
is a practicable surrogate for a molecular assay. Strong
p53 staining of 10% of tumor cells is highly predictive of
TP53 mutation with a sensitivity and specificity of 78.8%
and 96.7% respectively [24]. TP53 mutation is common
in grade 4 astrocytoma, IDH mutant, observed in about
70% of cases. However, this mutation is less common
in glioblastoma, IDH-wild type (less than 30%) [25].

Based on previous research, IDH1 mutant gliomas
present an improved outcome [20, 25-27]. The aim of our
study was to establish a correlation between the survival
outcome of grade4 DGs and IDH1 immunohistochemical
expression.

Survival analysis based on IHC results showed a
statistically significant better survival in both OS and
PFS in IDH1 positive tumors than their counterparts.
These results were consistent with several other
reports. Sanson et al, have shown that the 5-year-OS
of patients with grade 4 astrocytoma, IDH1-positive was
27.4 months versus 14 months in their counterparts
[28]. Similarly in the study of Wang et al, glioblastoma
presented a poor outcome with an OS of 14.2 months
compared to grade 4 astrocytoma of which the OS was
26.6 months [20].

However, other authors haven’t found such a
correlation. Cai et al. reported that OS and PFS in IDH1-
mutant grade 4 astrocytoma were not significantly better
than those in glioblastoma [18]. These results were in
line with those obtained by July et al; who concluded
that IDH1 mutation was not a prognostic factor in grade
4 DGs [4].

Ultimately, our study provides a brand-new update
of the value of IDH1 expression among grade 4 DGs;
a subject not well elucidated in our population. Our
study presented some limitations. The sample study
may be limited; thus further larger investigations are
recommended to better understand grade 4 diffuse
gliomas. In addition, molecular profile supporting the
diagnosis of glioblastoma IDH-wild type—such as TERT
promoter mutation, EGFR amplification and +7/—10 copy
number changes—were not available in our department.

Conclusion

The immunohistochemical profile of IDH1 is of
significant importance for the diagnosis and prognosis
in patients with grade 4 diffuse gliomas. In this study,
we revealed that immunohistochemical staining of IDH1
in grade 4 astrocytoma was associated with distinct
clinicopathological factors as well a good outcomes with

http://theunj.org
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significant increased survival rates, compared to their
counterparts of IDH1-negative glioblastomas. Thus, the
evaluation of IDH1 mutation with other genomic markers,
should be standardized and integrated into daily clinical
practice — not only as diagnostic markers but also to
refine the prognostic classification of these tumors.
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Y n'atomy BuaaHHi Knacudikauii nyxavMH LUeHTpanbHOIi HEPBOBOI CUCTEMU
BOO3 andysHi rniomm 4-ro cTtyneHs po3aineHo 3anexHo Big myTtauii IDH1
Ha acTpouuToMy 4-ro cTyrneHs 3 MmyTauieto IDH Ta rniobnacTtoMy AMKOro Tuny
IDH. Hackinbku HaM BiAOMO, XXOAHUX TYHICbKMUX AOCAIAXEHb MOSIEKYISPHOIrO
npodinto andysHMx rniomMm He 6yno onybnikoBaHo.

MerTa: ouiHnuTh cTtaTtyc IDH1 y andy3Hux rniomax 4-ro CTyneHs, a TakoxX
BM3HAUYMTM MOro 3B’A30K i3 KJIiHIKO-MATOMOMNYHUMM XapaKTepucTmkamn Ta
MoKa3HWKaMn BUXMBAHOCTI.

MaTtepianu i metoamn. Lle peTpocnekTUBHE AOCAIAXEHHS, B SKOMY
npoaHasni3oBaHO BCi BUNaAKN ANPY3HUX FNiOM 4-ro CTyneHs B AOPOCMUX,
NponikoBaHi y BiaAiNneHHi naTonorii YHiBepcuTeTCcbKoi fikapHi iMeHi Xabiba
Bypri6u.

Pe3ynbtaTtun. B octatouHumin aHanis 6yno 3anyyvyeHo 67 nauieHTiB. HasaBHICTb
ekcnpecii IDH1 6yna BuasneHa B 22 (32%) sunagkax. My XanMHu 3 NO3NTUBHOIO
ekcrnipecieto IDH1 6ynn knacudikoBaHi K acTpouUMTOMU 4-ro CTYMNeHsa 3
MmyTauieto IDH1, Toai sk 45 (68%) nyxnuH i3 BiACYTHicTio ekcnpecii IDH1
knacudikosaHi sk rniobnactomn amkoro tuny IDH1. Exkcnpecia IDH1 6yna
nos’azaHa 3 monoawuM BikoM (<40 pokiB), hpOHTaNbHO NlOKani3auieto,
MOBHUM XipypPriyHnUM BUAANEHHAM i YiTKUMKU MeXaMu. [TyXIMHKU 3 MO3UTUBHOIO
ekcnpecieto IDH1 BiporiaHo acouitoBanncs 3 KpawuMm nporHo3oM. OgHopivHa
3arajibHa BWXXMBAHICTb A1 acTpounmToMu 4-ro ctyneHsa 3 myTauiero IDH1
cTaHoBuna 86%, ansa rniobnactomu gukoro tuny IDH1 — nuwe 8% (p=0,008).

BucHOBKMW. Halwe agocnigXxeHHs AOBENO, WO acTpoOUUTOMU 4-ro CTYMeHs,
no3nTueBHI 3a IDH1, MalTb iHWi XapakTepUCTUKWN Ta KpaliuMil NporHos
nopiBHSHO 3 rniobnactomamMu amkoro Tuny IDH1. TakuMm 4ymMHOM, MyTauito
IDH1 cnif ouiHOBaTK PYTUHHO He NMLe K AiarHOCTUYHMIN MapKkep, a 1 Ans
YTOYHEHHS MPOrHOCTUYHOI Kiacudikauii umx nyxamH.

KnrwuoBi cnoBa: gugysHa rnioma 4-ro ctyneHs; IDH1, actpoyntoma 4-ro
CTyneHsi; rniobsacTtoma; narosioris; nporHo3
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Objective: to compare the sensitivity and specificity of the classic and
modified Phalen test and to give recommendations on the expediency of using
the tests in the diagnosis of carpal tunnel syndrome (CTS).

Materials and methods. The experimental group included 21 women
(15 right and 14 left hands) with signs of idiopathic carpal tunnel syndrome.
The control group also included 21 women (15 right and 14 left hands) without
characteristic clinical manifestations of carpal tunnel syndrome. The mean
age of the participants in both groups averaged 52 years.

Twenty-one women in the experimental and, respectively, in the control groups
were randomized to perform both the classical and modified Phalen tests on
29 hands. In the classic Phalen test, the subject places her flexed elbows on
the table so that the forearms are in a vertical position. The hands under the
action of gravity are flexed as far as possible, the fingers remain in extension.
When performing the modified Phalen test, the subject is asked to connect the
dorsal surfaces of both hands, relax the upper limbs and, while maintaining
this relaxed state, lower the elbows below the horizontal line.

Results. The sensitivity of the classic Phalen test was 93%, and that of the
modified test was 96%. The specificity of the classical Phalen test was 96%,
modified - 93%. The positive predictive value (PPV) of the classic Phalen test
was 96%, the negative predictive value (NPV) was 93%. The PPV and NPV of
the modified test were 93% and 96%, respectively.

Conclusion. The sensitivity of the classic Phalen test (93%) was slightly
lower than the sensitivity of the modified test (96%), and the specificity of
the classic test (96%) was higher than that of the modified test (93%). Due
to high specificity and sensitivity, both tests have significant diagnostic value
and can be successfully used in the diagnosis of carpal tunnel syndrome.

Keywords: carpal tunnel syndrome; classic Phalen test; modified Phalen
test; sensitivity,; specificity

Introduction

diagnostic scale, which is quite authoritative among

Carpal tunnel syndrome (CTS, G56.0) is a fairly
common condition, affecting between 5-16% of the
general population [1]. It is @ mononeuropathy of the
median nerve caused by compression of the nerve
in the carpal tunnel. The primary pathophysiological
mechanism of this condition is an increase of carpal
tunnel pressure, leading to a disruption in the function
and structure of the median nerve. The diagnosis of CTS
is based on medical history and clinical examination.
Electrodiagnostic and ultrasound examination are not
absolutely necessary in routine cases of CTS. Instead
of these instrumental examinations, only the clinical
manifestations and clinical assessment tools, such
as the CTS-6 diagnostic scale [2], can be used to
diagnose the disease with a high degree of reliability.
Electrodiagnostic studies (EDS), ultrasound, or MRI
should only be performed in unclear cases and for
differential diagnosis. Various provocation tests are
widely used in clinical research [3]. The most well-known
and popular provocation test due to its high sensitivity
and specificity is the Phalen test [4, 5]. In the CTS-6

specialists, the Phalen test has the highest diagnostic
score among the six clinical diagnostic signs of CTS [6].

Scientific literature describes the use of both the
classic Phalen test and its modifications [4]. The most
recognized, clear, and memorable modification of the
classic Phalen test involves the subject joining the
back surfaces of both hands and applying pressure to
create maximum flexion at the wrist joints [3, 4, 7]. The
modified Phalen test differs from the classic version in its
mechanism of execution. Therefore, the diagnostic value
of the modified test may differ from that of the classic
one. This raises the question of the appropriateness
of using the modified test for the diagnosis of CTS. A
review of the available literature revealed no studies
directly comparing the diagnostic value of the classic
and modified Phalen tests.

Objective: to compare the sensitivity and specificity
of the classic and modified Phalen tests and to provide
recommendations on the advisability of using these tests
in the diagnosis of carpal tunnel syndrome.

Copyright © 2025 Irakli B. Goginava, Sergey A. Goloborod’ko, Mariia V. Riezunenko, Giorgi L. Giorgidze

This work is licensed under a Creative Commons Attribution 4.0 International License
BY https://creativecommons.org/licenses/by/4.0/

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

Materials and methods

Experimental group

The experimental group consisted of 21 women aged
between 39 to 73 years (mean age 52.5 years) (Table 1).

All of these women had clear clinical signs of
idiopathic carpal tunnel syndrome in 29 hands
(15 right and 14 left) including numbness or paresthesia
in the median nerve innervation area, pain, especially
at night, positive tests of Phalen (reverse), Tanzer’s, the
“tourniquet test”, Hoffmann-Tinel, Goloborod’ko, Jungo,
etc. Sixteen women underwent surgical treatment on
18 hands: 13 median nerve transpositions [8] and 5
retinaculotomies [9]. After surgery, all patients either
completely lost their signs of CTS or their condition

Table 1. Phalen tests results in the experimental group
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improved over time, thereby confirming the presence of
CTS in this group of patients. In five women (patients
10-14 in Table 1), the clinical diagnosis was confirmed
by EDS data.

Patients presenting with signs of polyneuropathy,
diabetes mellitus, hypothyroidism, cervical
radiculopathy, other numerous neurological diseases,
wrist contractures, or acute hand injuries were excluded
from the experimental group.

Control group

The control group comprised 21 women aged 37 to
73 (average age 52.2). As in the experimental group,
the study was conducted on 29 hands (15 right and
14 left) (Table 2).

Classic Phalen Modified Phalen
Gender/ test/ Time test / Time .
Ne Age (yr) Hand of response of response Operation
(in seconds) (in seconds)
1 F/51 Right +/4 +/5 retinaculotomy
2 F/59 Left +/21 - retinaculotomy
3 F/51 Left +/50 +/33 median nerve transposition
4 F/51 Left +/7 +/13 median nerve transposition
5 F/61 Right +/9 +/21 median nerve transposition
6 F/55 Left +/10 +/12 median nerve transposition
7 F/65 Right +/10 +/9 median nerve transposition
8 F/41 Right +/8 +/11 median nerve transposition
9 F/53 Left +/11 +/26 median nerve transposition
10 F/40 Right - +/56 —
11 F/39 Left +/34 +/19 —
12 F/44 Right +/11 +/22 —
13 F/52 Right +/37 +/32 —
14 F/73 Right - +/28 —
Left +/39 +/28 -
15 F/50 Right +/25 +/32 median nerve transposition
Left +/25 +/17 —
16 F/41 Right +/12 +/10 median nerve transposition
Left +/14 +/11 median nerve transposition
17 F/54 Right +/12 +/21 median nerve transposition
Left +/16 +/17 —
18 F/64 Right +/20 +/21 retinaculotomy
Left +/20 +/21 retinaculotomy
19 F/47 Right +/11 +/7 median nerve transposition
Left +/11 +/12 —
20 F/60 Right +/20 +/21 retinaculotomy
Left +/20 +/21 —
21 F/51 Right +/11 +/10 median nerve transposition
Left +/18 +/19 —
Notes. F = female; + = positive provocative test; - = negative provocative test.

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Table 2. Phalen tests results in the control group
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Classic Phalen test/ Time of Modified Phalen test / Time
Ne Gender/Age (yr) Hand response (in seconds) of response (in seconds)
1 F/51 Right +/30 —
2 F/59 Left — —
3 F/51 Left — —
4 F/51 Left — —
5 F/61 Right — —
6 F/57 Left — -
7 F/63 Right — -
8 F/41 Right — -
9 F/53 Left — -
10 F/40 Right — -
11 F/39 Left — -
12 F/43 Right — -
13 F/52 Right — -
Right - -
14 F/73 Left _ —
Right — —
15 F/50 Left _ .
Right — +/47
16 F/37 Laft _ 7
Right - —
17 F/54 Left _ _
Right — —
18 F/64 Left _ .
Right _ -
19 F/47 Laft = .
Right — +/49
20 F/59 Left _ ~
Right — —
21 F/51 Left _ .
Notes. F = female; + = positive provocative test; - = negative provocative test.

The participants in the control group were
recruited from among visitors to outpatient trauma
and neurology clinics. None of them had a history of
clinical manifestations of CTS. This group also excluded
individuals with signs of polyneuropathy, diabetes
mellitus, hypothyroidism, cervical radiculopathy,
other numerous neurological diseases with a clinical
picture similar to CTS, as well as those with wrist joint
contractures, or acute hand injuries.

All participants in both the experimental and control
groups signed a voluntary informed consent form for
clinical and EDS examination and, in indicated cases,
for surgery. The participants were not familiar with the
purpose of the study, the presumptive diagnosis, or the
test techniques.

Twenty-one women in the experimental and
control groups, respectively, underwent both classic

http://theunj.org

and modified Phalen tests on 29 hands (15 right and
14 left) in a randomized order. A time interval of 2-3
minutes was observed between tests. The procedures
were performed and evaluated by certified orthopedic
traumatologists and a neurologist.

The technique for performing the classic Phalen
test was as follows. The subject was asked to place
their flexed elbow joints on the table so that their
forearms were in a vertical position. Under the influence
of gravity, the hands were flexed maximally, with the
fingers remaining extended (Fig. 1). This position
was maintained for 1 minute. If signs of median nerve
compression (numbness, paresthesia, pain in all 3.5
radial fingers or in some of them) appear during this time,
the test was considered positive. In the absence of any
clinical manifestations of CTS, the test was considered
negative [10].
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The modified test is performed as follows. The
subject is asked to join the back surfaces of both hands,
relax the upper limbs, and, in this relaxed state, lower
the elbow joints below the horizontal line [7]. This
technique of lowering the elbow joints actively increases
the angle of flexion in the wrist joints. The fingers should
be extended during the test (Fig. 2). If the characteristic
signs of CTS are reproduced within one minute, the testis
considered positive. If these symptoms are not present,
the result is considered negative.

In patients in the experimental group with positive
classic and modified Phalen tests, the time during which
CTS symptoms appeared while performing these tests
was recorded.
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Results

The results of the tests in the experimental and
control groups are presented in Tables 1 and 2. In
the experimental group, a negative classic Phalen
provocation test was observed in two patients on both
right hands. Moreover, in one patient, the test was
negative on the right hand and positive on the left hand.
It should also be noted that a negative response was
observed in patients who did not undergo surgery. In
all other 19 patients on 27 hands, the classic Phalen
test was positive. In the same experimental group, the
modified Phalen test was negative in one patient on the
left hand. In all other 20 subjects (28 hands), the test was
positive. In the control group, one participant exhibited

Fig. 1. Classic Phalen test

Fig. 2. Modified Phalen test
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a positive classic Phalen test on the right hand. On all
other 28 hands, it was negative. The modified Phalen
test was positive on two right hands in two participants,
while in the remaining 27 hands, the test was negative.
The sensitivity, specificity, and positive and negative
predictive value results were determined using the
generally accepted method [11].

The sensitivity of the classic Phalen test was 93%,
and that of the modified test was 96%. The specificity
of the classic Phalen test was 96%, and that of the
modified test was 93%. The PPV of the classic Phalen test
was 96%, and the negative predictive value was 93%.
The PPV of the modified Phalen test was 93%, and the
negative predictive value was 96%.

The time to a positive response to the classic Phalen
test on 27 hands in 19 patients ranged from 4 to 50
seconds (average 18 seconds). The time to a positive
response to the modified Phalen test on 28 hands in
20 patients ranged from 5 to 56 seconds (average 20
seconds).

Discussion

CTS is a compression-ischemic neuropathy of the
median nerve. The median nerve is compressed due to
increased carpal tunnel pressure. The diagnosis of CTS is
based on medical history and clinical signs of pathology.
Instrumental examination methods (EDS, ultrasound,
MRI) serve as supplementary tools, used mainly for
differential diagnosis. In clinical examination, great
importance is attached to the use of various provocation
tests. One of the most well-known and popular tests is
the Phalen test [5].

According to a recent meta-analysis, the sensitivity
of the Phalen test is 70% and its specificity is 80% [12].
Therefore, in the modern CTS-6 diagnostic scoring scale,
the Phalen test is assigned the highest diagnostic value
score of 5 points.

In the 1950s, American hand surgeon Phalen GS
published scientific papers on the diagnosis and treatment
of carpal tunnel syndrome [13]. These scientific papers
described a new diagnostic provocative test, known as
the wrist flexion test. The essence of the test was that
when the wrist was flexed for 60 seconds, patients with
CTS experienced numbness, paresthesia, or pain in all
or some of the 3.5 radial fingers, i.e., the clinical picture
of carpal tunnel syndrome was reproduced. Phalen
explained the mechanism of the test by the fact that
when the wrist was flexed, the median nerve was bent
over the flexor retinaculum and subjected to compression
from the proximal edge of the flexor retinaculum on
the palmar surface and from the flexor tendons of the
fingers on the dorsal surface. There is another reason
for the compression of the median nerve. Although the
carpal tunnel is anatomically an open system, it behaves
like a closed space in which a certain carpal tunnel
pressure is created [14]. In healthy people in a neutral
hand position, the carpal tunnel pressure ranges from
2.5 to 13 mm Hg [14], whereas in patients with signs of
CTS, it averages 32 mm Hg [15]. During active flexion
of the wrist in patients with CTS, the carpal tunnel
pressure increases to 94 mm Hg [15]. If the carpal tunnel
pressure exceeds 30 mm Hg, axoplasmic transport is
disrupted, causing mild paresthesia in healthy subjects.
In individuals with carpal tunnel syndrome this level is
32 mm Hg. If the carpal tunnel pressure exceeds the
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above level, a mechanism of pathological changes in
the function and even structure of the median nerve is
triggered (impaired epineural blood circulation, epineural
edema, blockage of axoplasmic transport, etc.), which
clinically manifests itself in symptoms characteristic of
CTS [14]. Therefore, if during the Phalen test in a patient
with CTS the carpal tunnel pressure exceeds the critical
level by more than 3 times, it becomes clear why the
clinical picture of CTS is reproduced within such a short
period of time (within the first 60 seconds). It should
also be emphasized that during the Phalen test, the
already pathologically altered structures of the median
nerve are compressed. Notably, even healthy people
may experience numbness, paresthesia, and pain when
carpal tunnel pressure increases during forced flexion
of the wrist in the Phalen test. However, the symptoms
will only appear after 10 minutes or more, rather than
within the first 60 seconds, as in patients with CTS [10].

Since the description of the classic Phalen test,
several modifications of this test have appeared.
Technically, these modifications differ from the classic
test in certain aspects. It is not entirely clear how much
the modified tests differ in a positive or negative way
in terms of diagnosing CTS. Therefore, we decided to
compare the classic Phalen test and one of the most
common and memorable modified version. The classic
Phalen test differs from the modified one in certain
aspects. For example, when performing the classic
test, the forearms are in a vertical position, and the
hands are much higher than the heart. In other words,
in this case, the flexion test is combined to some
extent with the elevation component, which can have a
positive effect on the sensitivity and specificity of the
test. When performing the modified test, the forearms
are almost horizontal, and the hands are at heart
level. Thus, there is virtually no combination with the
elevation test. Another important distinction relates to
the manner of wrist flexion. More than 40 years after
first describing his test, Phalen confirmed that when
performing the test, the hands should be only flexed
under the action of gravity, without touching each other,
and most importantly, neither the patient nor the doctor
should actively bend the hands: only passive flexing due
to gravity [10]. If either the patient or the physician
actively bends the wrist, the difference between flexion
of the wrist under the influence of gravity and flexion
with external force can be as much as 20 degrees. The
significance of this difference in bending angles on the
test result is still unknown [16]. Therefore, considering
the above differences between the classic and modified
tests, we decided to compare the effectiveness of the
two diagnostic tests in the same group of patients with
CTS and determine the legitimacy of using either the
classic or modified test.

The results of this study showed that the sensitivity
of the classic Phalen test (93%) was lower than that of
the modified version (96%). The specificity of the classic
Phalen test (96%) was higher than that of the modified
one (93%). The PPV of the classic Phalen test (96%) was
higher than that of a PPV of the modified test (93%).
The negative predictive value of the classic test (93%)
was lower than that of a negative predictive value of the
modified Phalen version (96%).

According to MacDermid JC and Wessel ] [4], if the
sensitivity or specificity of clinical provocation tests
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is greater than 50%, such tests can be classified as

and legitimately used to diagnose CTS.

Conclusion

diagnosing CTS.
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MerTa: NopiBHATM Yy TAMBICTb i cneyndivyHiCTb KNacMYHOro Ta MoanMdiKoBaHOro TECTY
®daneHa " HajaTM pekoMeHAauii WoA0 AOUiITbHOCTI BUKOPUCTaAHHS TeCTIB Mmig 4yac
AiarHOCTUMKM CMHAPOMY KaHany 3an’sacTka.

MaTepianu i metoamn. B exkcnepumeHTanbHy rpyny 6yno 3anyyeHo 21 XiHKy
(15 npaBux kucrten i 14 niBux) 3 03HaKaMu iAiONATUYHOrO CUHAPOMY KaHany
3an’acTka, Y KOHTPOJSIbHY rpyny -Takox 21 xiHky (15 npasux kucten i 14 nisux) 6e3
XapaKTEPHUX KNiHIYHUX BUABIB CUHAPOMY KaHany 3an’actka. CepefHin BiK y4acHuLb
K eKCNepUMeEHTasIbHOI, TaK i KOHTPOJIbHOI rpynu CTaHOBUB 52 poKu.

B ekcnepuMeHTanbHii Ta KOHTPOJNbBHIM rpynax Ha 29 pykax y KOXHili y paHAo-
Mi30BaHOMY NOpsSAKY BUKOHAHO KNlaCUYHWUI i MoandikoBaHuii TecTn ®aneHa. Mig vac
KnacuyHoro TecTy ®aneHa nauieHTKka po3TalloByBasia Ha CTONi 3irHYTUIA NiKTbOBUN
cyrnob Tak, wob nepeanniyys nepebyBano y BepTuKanbHOMY NONOXKEHHI. KncTb nig
OIEI0 CUNU TSXKIHHA HaCKisIbKM MOXIMBO 3riHanacs, nanbli 3anmwanncsa posirHyTMMu.
Mpn BMKOHaHHI MoaudikoBaHoro TecTy daneHa NauieHTUi NPONOHyBanu 3'€eAHaTH
MiX co60t0 TUNbHI NoBepXxHi 060X KUCTeN, po3cnabuTn BEPXHIi KiHUIBKW i B TaKOMy
po3cnabneHoMy cTaHi ONyCTUTU NMiKTbOBI CYrnobu HUXYe 3a ropu3oHTasbHY NiHit0.

PesynbraTtn. HyTausicTb knacmuyHoro tecty ®aneHa ctaHosuna 93%, moandikosa-
HOro — 96%, cneuundiyHicTb — BignoBiagHo 96 Ta 93%. MNPOrHOCTUYHICTb MO3UTUBHOIO
pe3ynbTaTty Kaacu4yHoro Tecty daneHa ctaHoBuna 96%, NporHOCTUYHICTb HEraTus-
HOro pe3ynbraTy — 93%, NPOrHOCTUYHICTb MO3UTUBHOMO pe3ybTaTy MOAN(IKOBAHOIO
TecTy ®aneHa — 93%, NPOrHOCTUYHICTb HEraTMBHOro pesynsraTy — 96%.

BuUcHOBKMU. YyTnuBicTb kKnacuyHoro tecty ®PaneHa (93%) 6yna HMX4YOK 3a
YyyTAmMBiCTb MoaudikoBaHoro Tecty (96%), a cneuymdivyHiCTb KNAaCUYHOro TecTy
(96%) - BuLWoOO, HixX MoaudikoBaHoro (93%). 3aBASIKM BUCOKIN cneyndivyHoCTI
Ta YyTAMBOCTI 06buaBa TeCTU MaktTb 3HAYHY AiAarHOCTUYHY UIHHICTb | MOXYTb 6yTKn
YCMilWHO BUKOPUCTAHI NMpu AgiarHoCTMLi CMHAPOMY KaHasny 3an’scTka.

KnrwuoBi cnoBa: CMHAPOM KaHasny 3an’sactka;, KiaacudyHuii tect ®aneHa;
MoaundikoBaHun TecT PaneHa; YyTAMBICTb; cneundidyHicTb
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Unexpected detection of a meningioma on *¥F-Fluorocholine PET/CT in a
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A 77-year-old man with a prior diagnosis of prostate adenocarcinoma,
previously treated with radiotherapy and hormone therapy, presented with
rising PSA levels suggestive of biochemical recurrence. While no evidence
of metastatic prostate disease was detected, the PET/CT (positron emission
tomography-computed tomography) scan incidentally revealed an area of
abnormal radiotracer uptake in the left temporal lobe of the brain, unrelated
to the patient’s known malignancy. The imaging characteristics raised the
suspicion of a meningioma. A subsequent brain MRI confirmed the presence
of an extra-axial lesion consistent with a meningioma. This unexpected finding
highlights the additional diagnostic value of ¥F-fluorocholine PET/CT beyond
its primary role in prostate cancer imaging, particularly in detecting clinically
significant incidental intracranial lesions. This case underscores the importance
of careful and systematic interpretation of imaging studies during oncologic

gmail.com

evaluations, even in regions outside the primary area of concern.

Keywords: prostate cancer; meningioma; F-Fluorocholine; PET-CT

Introduction

Meningiomas are the most common primary
intracranial tumors, often discovered incidentally during
imaging studies conducted for unrelated conditions.
Although they are typically benign and asymptomatic,
their detection can have significant clinical implications,
particularly in oncologic patients undergoing advanced
imaging for cancer surveillance. ®F-fluorocholine PET/
CT (*8F-FCH) is widely used to detect biochemical
recurrence in prostate cancer due to its high sensitivity
in identifying areas of increased choline metabolism.
However, 8F-FCH can also uncover unexpected findings,
such as meningiomas, due to their elevated phospholipid
metabolism. This clinical case describes the incidental
discovery of a meningioma on *¥F-FCH PET/CT in a patient
with prostate cancer and explores the clinical relevance
of such findings.

Case report

A 77-year-old male with a history of prostate
adenocarcinoma, initially treated with radiotherapy
and hormone therapy, presented with biochemical
recurrence, evidenced by a rising prostate-specific
antigen (PSA) level of 2.54 ng/ml. To localize the site of
recurrence, an ¥F-FCH PET/CT scan was performed. The
scan revealed an isolated focus of moderate radiotracer
uptake in the left temporal lobe of the brain, with a
maximum standardized uptake value (SUVmax = 5.4).
No other abnormal foci of 8F-FCH uptake were identified
from the vertex to the mid-thigh, ruling out metastatic
disease or local recurrence in the prostate bed or
pelvic region. The temporal lobe uptake was considered

unusual, as metastases from prostate cancer to the brain
are rare, and meningiomas are typically not associated
with significant **F-FCH avidity. Given the unexpected
PET/CT findings, a contrast-enhanced brain MRI was
performed for further characterization of the lesion. The
MRI revealed a well-defined, extra-axial lesion in the
left temporal lobe, measuring 16mm x 6mm. The lesion
exhibited homogeneous contrast enhancement and was
associated with a dural tail sign, both classic imaging
features of a meningioma. No significant perilesional
edema or mass effect was observed (Fig. 1). The
imaging findings were consistent with a World Health
Organization (WHO) Grade I meningioma, a benign and
slow-growing tumor. The patient remained asymptomatic
with respect to the meningioma, with no neurological
deficits or symptoms suggestive of intracranial
hypertension. Given the incidental nature of the finding
and the absence of complications, no immediate surgical
intervention was deemed necessary. The patient was
referred to the neurosurgery department for long-term
monitoring and management, with a plan for periodic
imaging follow-up to assess any changes in the size or
characteristics of the lesion.

Discussion

8F-FCH PET/CT is widely used for restaging prostate
cancer in patients with biochemical recurrence, as it
has high sensitivity and specificity for detecting local
and distant metastases [1]. The radiotracer ®F-FCH
is taken up by prostate cancer cells due to increased
choline kinase activity, which is involved in phospholipid
metabolism and cell membrane synthesis [2]. However,
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Fig. 1. A: '8F-fluorocholine PET/CT MIP; B: axial Brain MRI T2 Flair; C: *®F-fluorocholine PET/CT axial fusion
image of the brain: an isolated uptake focus is noted in the left temporal lobe. Brain MRI confirmed the

meningioma diagnosis

8F-FCH uptake is not entirely specific to prostate
cancer, as benign conditions and other malignancies
can also exhibit radiotracer avidity [3]. In this case, the
isolated focus of '8F-FCH uptake in the left temporal
lobe was initially suspicious for a metastatic lesion,
given the patient’s history of prostate adenocarcinoma.
However, the absence of other abnormal foci and the
subsequent MRI findings confirmed that the lesion was
a meningioma.

Meningiomas are typically benign, slow-growing
tumors that arise from the meninges. While they are
usually detected on MRI, incidental uptake on PET/CT
has been reported with various radiotracers, including
8F-FCH [4]. The mechanism of ®F-FCH uptake in
meningiomas is not fully understood but may be related
to increased cell membrane turnover or overexpression
of choline transporters [2]. A study by Beheshti et al.

demonstrated that meningiomas can exhibit moderate
to intense '8F-FCH uptake, which can lead to diagnostic
challenges in differentiating them from metastatic
lesions [5]. In our case, the SUVmax of the lesion was
moderate, which is consistent with previous reports of
8F-FCH-avid meningiomas.

Brain MRI remains the gold standard for diagnosing
meningiomas due to its superior soft tissue resolution.
Typical MRI features include a well-defined, extra-axial
lesion with homogeneous contrast enhancement, a dural
tail sign, and occasional calcifications [6]. In this case,
the MRI findings were classic for a meningioma, with no
evidence of perilesional edema or mass effect. These
features helped confirm the diagnosis and ruled out
other possibilities, such as brain metastases or primary
gliomas. Additionally, ®¥Ga-DOTATOC PET/CT imaging
has proven valuable in detecting meningiomas, as it
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highlights areas with increased somatostatin receptor
expression, a hallmark of these tumors [7].

The incidental detection of meningiomas during
imaging procedures is becoming increasingly common,
largely due to the widespread use of advanced
imaging modalities. Most incidental meningiomas are
asymptomatic and do not require immediate intervention.
According to the European Association of Neuro-Oncology
(EANO) guidelines, asymptomatic meningiomas can be
managed with observation and periodic imaging, while
symptomatic or growing lesions may require surgical
resection or radiotherapy [8]. In this case, the patient
was asymptomatic, and the decision was made to monitor
the lesion with regular follow-up imaging.

Conclusion

This case underscores the importance of considering
non-malignant etiologies for unexpected '®F-FCH uptake,
particularly in the context of prostate cancer imaging.
It also highlights the complementary roles of PET/CT
and MRI in characterizing intracranial lesions. While
8F-FCH PET/CT is highly valuable for restaging prostate
cancer, clinicians should be aware of its limitations and
the potential for incidental findings that may require
further investigation. Future studies are needed to
better understand the mechanisms of 8F-FCH uptake in
meningiomas and to establish guidelines for managing
such incidentalomas in € oncologic patients.
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Onuc Bunaaky. YonoBik BIKOM 77 pOKiB i3 paHiwe AiarHOCTOBaHO
afeHOoKapLuMHOMOK nepeaMiXypoBOi 3a503U, KU MPOXOAUB JiKYBaHHSA
NMPOMEHEBO Ta FOPMOHAJIbHOIO Tepari€o, 3BepHYBCA 3 NPUBOAY 3POCTaHHSA
piBHA npocTaTtcneum@iyHOro aHTUreHy, Wo cBiaYnno npo 6ioxiMiyHMIi
peunaus. MNia vyac 06CTEXEHHSA HE BUABIEHO 03HAK METACTaTUYHOIO YPaKeHHS
nepeamixypoBoi 3a/1031, afie BMNaaKoBo 3adikCcoOBaHO AiNIAHKY NATOMOrMYHOro
HakonuyeHHs padiodapMnpenapaTty B JiBii CKPOHEBIN YacTui rosioBHOrO
MO3KY, WO He 6yno rnos’A3aHO 3 BIAOMUM 3/109KICHUM NPOLLECOM Y MauieHTa.
XapakTepuCcTUKUM Bidyanisauii ganu nigctaBy 3anifo3puTU MEHIHrioMYy.
MarHiTHo-pe3oHaHCcHa ToMorpadis FoIOBHOro MO3Ky NiATBEPAUIA HAABHICTb
€KCTpaaKcCianbHOro yTBOpEHHS, CYMiCHOro 3 MeHiHriomoto. s HeoudikyBaHa
3HaxifKa CBiAYMTb NPO A0AATKOBY AiarHOCTUYHY LiiHHICTb MO3UTPOHHA-EMICIHOI
KoMn'toTepHoi ToMorpadii i3 BF-hayopoxoniHOM, OKpiM NPOBIAHOI poni, Ky
BiAirpae ue AocnigXeHHs y Bisyanisauii paky nepeamixypoBoi 3a/1031, 30KpeMa
ONSA BUABJIEHHS KIHIYHO 3HAYyLWKUX BUNAAKOBUX BHYTPIilLHbOYEpPENnHUX
yTBOpeHb. [peacTaBneHnin BUNaAoK HarosoWye Ha BaXXJIMBOCTI peTesibHOi Ta
cucTeMaTUMyHOI iHTepnpeTauii pe3ynbTaTis Bisyani3auiiHUX AocniAXeHb nij
4Yac OHKOJIOMYHMX 06CTEXEeHb HaBIiTb Y AiNIHKaX M03a OCHOBHOI 30HOI0 yBaru.

KnrouoBi cnoBa: pak nepeamixypoBoi 3a/103u; MeHiHrioma,; 8 F-¢bs1yopoxoniH;
MET-KT



