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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

”ow

Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

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
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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].

http://theunj.org



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].

http://theunj.org
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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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PATHOGENESIS OF NEURO-GLIAL-VASCULAR INTERFACE DAMAGE

in metabolic intoxications in children
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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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Intervertebral disc degeneration (IVDD) is one of the leading causes of
chronic low back pain and disability. The key pathogenetic mechanism of
IVDD is chronic inflammation, which leads to extracellular matrix catabolism
and the death of disc cells. It has been established that these changes are
based on the activation of pro-inflammatory signaling cascades, particularly
NF-xB, MAPK, and JAK/STAT pathways, as well as the induction of caspase-
dependent apoptosis.

Objective: To summarize the current understanding of the molecular signaling
pathways involved in degenerative processes within the intervertebral disc,
and to elucidate the mechanisms of action of platelet-rich plasma (PRP)
components capable of modulating these pathways.

Materials and methods: A comprehensive analysis of contemporary
experimental and clinical studies was performed to evaluate the effects of
the main growth factors present in PRP (TGF-B, PDGF, IGF-1, FGF, CTGF,
EGF, HGF) on signaling pathways in intervertebral disc cells associated with
catabolism, apoptosis, and inflammation.

Results: PRP-derived factors exert their effects predominantly through
activation of the Smad, PI3K/AKT, MAPK, and JAK/STAT pathways while
attenuating NF-«B activity, leading to decreased levels of pro-inflammatory
cytokines (IL-1B, TNF-a) and metalloproteinases (MMPs, ADAMTS). These
effects are accompanied by enhanced expression of type II collagen and
aggrecan, stabilization of the extracellular matrix, restoration of tissue
homeostasis and increased cell proliferation.

Conclusions: PRP therapy demonstrates considerable potential as a
pathogenetically oriented regenerative strategy for the treatment of IVDD.
Its efficacy arises from a multimodal influence on inflammatory, catabolic,
and apoptotic pathways. Further clinical research is warranted to standardize
treatment protocols and confirm the long-term therapeutic effectiveness of
PRP.

Keywords: intervertebral disc; degeneration; platelet-rich plasma; growth
factors; NF-xB; signaling pathways; regeneration.

Introduction

degeneration; and P2X3 (ATP receptor), which is activated

Intervertebral disc degeneration (IVDD) is a major
cause of chronic low back pain and one of the most
common reasons for disability worldwide (affecting
more than 600 million people), leading to significant
social and economic burdens. Discogenic pain arises
as a result of inflammation within the intervertebral
disc (IVD), which activates nociceptive receptors and
triggers pain signal transmission to the central nervous
system. Inflammation of the IVD is accompanied by the
accumulation of pro-inflammatory cytokines such as
TNF-a (tumor necrosis factor-a), IL-1f (interleukin 1), IL-6
(interleukin-6), prostaglandins (PGE2, PGI2), bradykinin,
and matrix metalloproteinases (MMPs). The main
nociceptors involved in discogenic pain include transient
receptor potential vanilloid 1 (TRPV1), which are activated
by inflammation, heat, and acidic pH; ASIC3 (acid-sensing
ion channel 3), which responds to pH reduction during

under mechanical stress [1]. Prolonged exposure to
pain mediators leads to nociceptor sensitization and a
lowered activation threshold, resulting in pain even from
minimal stimuli. The transmission of pain signals to the
thalamus occurs via the spinothalamic tract, forming
both sensory (localization and intensity) and emotional
aspects of pain perception (through the limbic system,
contributing to the affective-emotional component of pain
perception). When pain becomes chronic, the spinal cord
and brain adapt to constant stimulation, characterized by
increased expression of NMDA-receptors (enhancing pain
signaling) and decreased activity of inhibitory neurons,
such as gamma-aminobutyric acid (GABA) and glycine [2].
Thus, discogenic pain represents a complex mechanism
encompassing both peripheral (inflammatory and
nociceptor activation) and central pain signal transmission
processes.

Copyright © 2025 Mykhailo V. Khyzhnyak, Iryna G. Vasilyeva, Yuriy G. Gafiychuk
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Initially, pro-inflammatory cytokines are produced
predominantly by resident disc cells. Nucleus pulposus
(NP) cells, annulus fibrosus (AF) cells, and senescent
cells produce pro-inflammatory cytokines in response
to mechanical or oxidative stress and other external
stressors [3]. These cytokines spread through the disc
tissue via exocytosis, membrane vesicles, and diffusion.
The intervertebral disc is normally poorly innervated
and vascularized; however, during degeneration,
neovascularization and the ingrowth of nociceptive
nerve endings into the annulus fibrosus and vertebral
endplates occur [4]. In healthy discs, immune cells
are absent, but neovascularization allows immune cell
infiltration. Infiltrated M1-type macrophages activate
TNF-q, IL-1B, and IL-6 receptors. TNF-q, in turn, activates
NF-kB (Nuclear Factor kappa-light-chain-enhancer of
activated B cells), which promotes the expression of
pro-inflammatory cytokine genes. Consequently, the
inflammatory process within the IVD can become self-
amplifying and capable of persisting even after resolution
of the initial trigger has resolved. NF-«xB activation is
accompanied by the progression of catabolic processes,
with increased synthesis of metalloproteinases and
aggrecanases (ADAMTS) that degrade key extracellular
matrix components such as aggrecan and collagen type
II. As a result of catabolic pathway activation in IVD
cells, anabolic signaling pathways (TGF- and PI3K/Akt —
phosphoinositide 3-kinase/RAC-alpha serine/threonine-
protein kinase), which are responsible for maintaining
collagen and proteoglycan synthesis, lose their capacity
to sustain matrix homeostasis [3].

A wide range of conservative methods aimed
at reducing discogenic pain has been tested for its
therapy. Currently, as an alternative to symptomatic
procedures, new therapeutic options are being explored
that target the inhibition of signaling pathways involved
in degenerative processes and the activation of anabolic
mechanisms. Therapeutic strategies aimed at modulating
these pathways have the potential to slow down or halt
the degenerative process. Autologous platelet-rich
plasma (PRP) is considered a promising approach for
regenerative treatment.

Growth factors released from platelets are believed
to play an essential role in reducing inflammation and can
also induce cellular proliferation and matrix remodeling.
The most relevant growth factors present in PRP include
transforming growth factor-B (TGF-B), platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF),
insulin-like growth factor-1 (IGF-1), connective tissue
growth factor (CTGF), epidermal growth factor (EGF),
and hepatocyte growth factor (HGF). It is known that
IVD cells express receptors for EGF, IGF, HGF, CTGF,
PDGF, FGF, and TGF. These receptors play a key role in
maintaining disc homeostasis, regulating cell proliferation
and differentiation, and responding to tissue injury. The
expression and activation of these receptors are critical
for preserving the structure and function of the IVD, as
well as its capacity for recovery following damage [5, 6].

Randomized controlled trials investigating the
effects of PRP on IVD cells following direct injection
into the nucleus pulposus have demonstrated pain
reduction, improved functionality, and long-lasting
therapeutic outcomes. A relevant current objective is to
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further investigate the mechanisms underlying catabolic
activation in IVD cells, as well as the molecular pathways
through which PRP components may inhibit degenerative
processes in the disc [7].

Objective: To summarize current knowledge on the
molecular signaling pathways involved in degenerative
processes of the intervertebral disc, as well as the
mechanisms of action of platelet-rich plasma components
capable of modulating these processes.

Signaling pathways involved in degenerative

processes of the intervertebral disc

NF-xB signaling pathway - a catabolic activator
in intervertebral disc degeneration

The NF-kB signaling pathway in IVD tissues plays
a crucial role in regulating inflammatory processes and
cellular responses to stress stimuli. Activation of NF-xB in
NP and AF cells is associated with enhanced inflammation,
extracellular matrix degradation, apoptosis induction,
and the progression of IVDD [8]. The main activators of
NF-«xB include cytokines TNF-a and IL-1B, mechanical and
oxidative stress, hypoxia, microbial lipopolysaccharides
(LPS), and viral infection [9-12].

Signal transduction from ligands to receptors via
adaptor proteins activates the IKK complex (IKKa,
IKKB, IKKy), followed by deactivation of the inhibitor
IkB, which normally retains NF-xB in an inactive state
within the cytoplasm. As a result of IkB phosphorylation
and degradation, NF-xB is released. The liberated NF-xB
p65/p50 dimer translocates to the nucleus, where it
regulates the transcription of proinflammatory (TNF-a,
IL-1B, IL-6) and catabolic (MMP-3, MMP-9, MMP-13,
ADAMTS-4, ADAMTS-5) genes [9]. Activation of NF-xB
also enhances the expression of inflammatory mediators
such as iNOS (inducible nitric oxide synthase) and COX-2
(cyclooxygenase-2), whose activity products—namely
nitric oxide (NO) and prostaglandins—inhibit aggrecan
expression in the NP. Furthermore, NF-xB contributes
to the destructive processes in the IVD by activating
hypoxia-inducible factor HIF-2a. The target genes of
activated HIF-2a include MMP-13 and ADAMTS-4, which
regulate the metabolism of type II collagen and aggrecan
(Fig. 1) [13, 14].

The major pathways mediating the proinflammatory
response in IVD cells under various stimuli are illustrated
in Fig. 1. Bacterial pathogens activate Toll-like receptors
(TLR2/4) or intracellular NOD receptors, initiating a
signaling cascade via MyD88, IRAK, and TRAF6 to
IKK, which subsequently activates the transcription
factor NF-kB. Cytokines IL-1B and TNF-a induce NF-«kB
activation through the IL-1R (MyD88-dependent) and
TNFR1 (TRADD/RIPK1-mediated) pathways. Viral
components are recognized by TLR3/7/9, triggering
NF-kB activation and an interferon-mediated response.

Mechanical loading is sensed by TRPV4 channels
and integrins, which activate FAK, MAPK, and PI3K/Akt
pathways that potentiate NF-kB activation. Oxidative
stress, characterized by excessive accumulation of
reactive oxygen species (ROS), activates the MAPK p38/
JNK/ERK signaling cascade, leading to the activation
of the transcription factor AP-1 and subsequent
upregulation of IL-6, IL-8, COX-2, iNOS, and MMPs.

This article contains some figures that are displayed in color online but in black and white in the print edition
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Activation of NF-xB and MAPK in the cell and the
extracellular space increases the levels of
proinflammatory cytokines TNF-a, IL-1B, IL-6,and
II.-8.The result of this self-amplifying process is
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Fig. 1. Major signaling pathways of NF-kB activation in intervertebral disc cells under the influence of
proinflammatory cytokines (TNF-a, IL-1B), bacterial components (LPS), mechanical stress, hypoxia, and
oxidative damage (based on KEGG PATHWAY Database for 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]) (explanation provided in the text)

ROS promote phosphorylation of IKK and degradation
of IkBa, resulting in NF-kB translocation to the nucleus
and stimulation of proinflammatory gene expression.
Through NLRP3 involvement, ROS activate caspase-1,
driving the maturation of IL-1p and IL-18 and amplifying
sterile inflammation.

Hypoxia—reduced oxygen availability in IVD
tissues—activates hypoxia-inducible factors (HIFs), while
HIF-1a stabilizes NF-kB, enhancing the transcription of
proinflammatory genes.

All these pathways converge at the level of the IKK
complex and NF-kB, leading to increased expression
of IL-1B, IL-6, TNF-a, MMPs, and ADAMTS, which in
turn drive chronic inflammation, matrix degradation,
and progression of degenerative changes within the
intervertebral disc.

IL-1B is one of the key proinflammatory cytokines
and plays a crucial role in IVD degeneration. It binds
to the IL-1R1 receptor on the surface of NP and AF
cells. This complex activates the adaptor protein
MyD88, initiating downstream signaling cascades
(see Fig. 1). The subsequent effects are mediated
through several interconnected mechanisms and
pathways (NF-xB, MAPK, JAK/STAT), which collectively
promote inflammation, matrix degradation, and cellular
dysfunction [12].

TNF-a is another major inflammatory cytokine that
activates the NF-kB pathway through TNF receptors. The
signal is further transduced via TRADD to the TNFR-
associated signaling complex and TRAFs [15].

LPS—components of the outer membrane of
Gram-negative bacteria—are potent inducers of the
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inflammatory response in IVD cells. They activate
the NF-xB signaling pathway through interaction with
Toll-like receptors, particularly TLR4, via the adaptor
protein MyD88, which is shared by both TLR and IL-1R
pathways [16].

Viral infection has been recognized as another
factor capable of NF-kB activation. Viral signaling
involves induction of immune and inflammatory
responses. Viruses trigger the NF-xB pathway through
various pathogen recognition receptors and associated
molecules (TLRs, RIG-I, MDAS5). Cellular receptors
recognize viral ligands, including dsRNA, ssRNA, viral
DNA, capsid proteins, and surface glycoproteins. Signals
from activated receptors are transmitted via adaptor
molecules such as MyD88, TRIF, and MAVS, leading
to NF-xB activation and enhanced transcription of
proinflammatory genes. NF-«xB activation in response
to viral exposure may sustain chronic inflammation in
the IVD, which, upon reaching a critical threshold, can
induce apoptosis of disc cells [17-19].

Oxidative stress plays a pivotal role in degenerative
processes within the IVD, primarily through mechanisms
mediated by reactive oxygen species (ROS) [20]. In IVD
cells, mitochondria represent the main source of ROS.
Elevated ROS levels induce mitochondrial dysfunction
and DNA damage, resulting in apoptosis of NP and AF
cells. ROS further promote inflammation, extracellular
matrix (ECM) degradation, and apoptosis through the
MAPK (particularly p38 and JNK) and NF-kB signaling
pathways [21-23].

Hypoxia, characterized by reduced oxygen
availability in IVD tissues (especially within the NP),
stimulates the expression of HIF-1a and HIF-2a.
The transcriptional activity of HIF-1a/2a induces
proinflammatory activation via upregulation of COX-2,
iNOS, and the cytokine IL-1B. Moreover, HIF-1a stabilizes
NF-xB, enhancing the transcription of proinflammatory
and catabolic genes. Under chronic or dysregulated
hypoxic conditions, persistent HIF activation leads
to cellular dysfunction and sustained inflammation in
the IVD, ultimately contributing to the progression of
degenerative changes [24].

Mechanical loading acts as an activator of the
inflammatory process via NF-xB signaling. 1t is well
established that intervertebral disc (IVD) cells convert
mechanical stress into biological signals integrated
into cellular responses through the regulation of gene
transcription. Abnormal mechanical loading enhances
catabolic activity in nucleus pulposus (NP) cells through
the NF-«B signaling pathway. A key role in this process
is played by Piezol, a mechanosensitive transmembrane
cation channel (encoded by the FAM38A gene), which
facilitates nonselective permeation of Ca2*, Mg2*, and
Mn2* ions, activates the NF-kB signaling cascade,
increases IL-1B expression in annulus fibrosus (AF)
cells, promotes the formation of a proinflammatory
microenvironment within AF tissue, and accelerates IVD
degeneration [25].

Differences in NF-xB signaling between nucleus
pulposus chondrocytes and annulus fibrosus
fibroblasts. A characteristic feature of NF-xB activation
in NP cells is their greater sensitivity to oxidative
stress and inflammatory stimuli. In NP cells, NF-xB is
activated by proinflammatory cytokines (IL-13, TNF-a),
hypoxia, oxidative and osmotic stress, and dehydration.
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This activation enhances the expression of MMPs and
ADAMTS, leading to degradation of aggrecan and type
IT collagen. The upregulation of inflammatory processes
also increases the expression of proinflammatory
cytokines IL-6 and IL-8, as well as COX-2, which
stimulates prostaglandin synthesis. Under conditions of
prolonged inflammation, NF-xB activation may induce
apoptosis of NP cells [26, 27].

In contrast, the primary stimulus of NF-«xB signaling
in AF fibroblasts is mechanical stress (stretching and
shear loading). NF-xB activation in AF cells leads to
increased production of type I collagen—the main
structural component of the AF. AF fibroblasts are also
sensitive to proinflammatory cytokines such as IL-1B
and TNF-a. In these cells, extracellular matrix (ECM)
degradation is less pronounced compared to NP cells.
AF fibroblasts exhibit a higher degree of adaptation to
mechanical stress through ECM remodeling, primarily
by synthesizing type I collagen. In AF cells, NF-xB plays
a protective role by promoting fibrotic remodeling;
however, under conditions of chronic activation, it may
contribute to fibrotic sclerosis [26].

The MAPK signaling pathway — an activator of
degenerative processes in the intervertebral disc

The mitogen-activated protein kinase (MAPK)
signaling pathway plays an important role in IVD
degeneration. MAPK signaling comprises the ERK
(extracellular signal-regulated kinase), JNK (c-Jun
N-terminal kinase) and p38 subpathways. The MAPK/p38
and MAPK/INK subpathways are principally involved in
the activation of inflammatory responses and induction
of metalloproteinase synthesis. [28] Inflammatory
activation mediated by MAPK signaling is triggered
via TNFR, IL-1R, Toll-like receptors, integrins and viral
recognition receptors. [29-33] Extracellular stimuli are
relayed through MAPK cascades to activate the MAPK
transcription factor AP-1 (c-Fos/c-Jun), which in turn
drives transcription of catabolic enzymes such as MMP-3,
MMP-13, ADAMTS-4 and ADAMTS-5 that are responsible
for ECM degradation. The inflammatory response is
further amplified through increased transcription of
proinflammatory cytokines including IL-18 and TNF-a
[34, 35]. MAPK signaling, particularly the p38 MAPK axis,
potentiates proinflammatory processes and apoptosis in
part by modulatory cross-talk with the catabolic NF-xB
pathway (see Fig. 1). [36, 37]

PRP-derived factors — activators of anabolism
and inhibitors of catabolic processes in the
intervertebral disc

Growth factors contained in PRP act in a synergistic
manner by engaging multiple intracellular signaling
pathways that regulate inflammation, cell death,
and extracellular matrix metabolism. These factors
contribute to the reduction of proinflammatory cytokine
production, suppression of metalloproteinase activity,
attenuation of apoptosis in NP cells, and stimulation of
the synthesis of key matrix components such as type II
collagen and aggrecan. This multifactorial influence not
only slows the progression of degenerative changes but
also promotes endogenous repair processes within the
disc tissue. Collectively, these effects position PRP as a
promising bioactive therapeutic strategy, particularly at
early stages of IVDD, when residual elements of cellular
and matrix homeostasis can still be modulated to reverse
the pathological process (Fig. 2).
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Fig. 2. The main signaling pathways activated by PRP-derived factors: TGF-B/Smad, MAPK/ERK, PI3K/AKT/
mTOR, JAK/STAT, Wnt/B-catenin, and HIF-1 (according to the KEGG PATHWAY Database [67])

Figure 2 illustrates the molecular interactions
between PRP ligands (TGF-B, EGF, IGF-1, HGF, PDGF,
FGF, CTGF) and their corresponding receptors (TGFBR,
EGFR, IGF1R, c-MET, PDGFR, FGFR, aVB3), which lead
to the activation of intracellular signaling cascades such
as Smad, MAPK/ERK, PI3K/AKT/mTOR, JAK/STAT, and
PLCy. The activation of these pathways is accompanied
by the suppression of the pro-inflammatory factor NF-kB,
inhibition of apoptosis, stimulation of chondrogenesis,
cell proliferation, and synthesis of extracellular matrix
components (type II collagen, aggrecan). These effects
indicate the complex homeostatic influence of PRP
on intervertebral disc tissue and substantiate its use
as a pathogenetically oriented regenerative therapy
for IVDD.

TGF-B - a key growth factor in PRP

1. TGF-B is a crucial regulator that suppresses
inflammatory processes and maintains the structure
of the IVD, counteracting degenerative changes. The
concentration of TGF-B in PRP varies depending on the
preparation method and the individual characteristics of
the donor. On average, TGF-B levels range from 10-50
ng/mL in activated PRP fractions, although some samples
may show significantly higher or lower concentrations
[38, 39].

The primary effects of TGF-B are mediated through
the Smad signaling pathway. The interaction of TGF-B
with the TGFBR receptor triggers the phosphorylation
of Smad2 and Smad3, which subsequently form
a complex with Smad4. The Smad2/3/4 complex
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indirectly suppresses NF-kB transcriptional activity the
transcriptional activity of NF-kB — through induction
of IkB expression and/or modulation of shared
transcriptional cofactors (p300/CBP) — thereby reducing
its ability to activate the expression of pro-inflammatory
cytokine genes such as IL-13, IL-6, and TNF-a, and
consequently decreasing inflammation and degeneration
within the IVD. The complex is then translocated into the
cell nucleus, where it activates the expression of genes
responsible for suppressing inflammation and supporting
the structure of the extracellular matrix of the disc [40].

2. TGF-B activates the PI3K/AKT pathway. The
PI3K/AKT pathway operates independently of Smad
signaling but is often activated in parallel through
TGFBR1 and ShcA/p85 [41]. Following TGF-B receptor
activation, the adaptor proteins ShcA or p85 stimulate
PI3K and initiate a downstream cascade leading to AKT
activation. The downstream effects of AKT activation in
the context of IVD degeneration include enhanced cell
survival and anti-apoptotic activity via the inhibition
of pro-apoptotic factors (such as BAD) and activation
of anti-apoptotic proteins (Bcl-2). An important aspect
of metabolic regulation is that AKT modulates glucose
uptake and metabolism, thereby promoting the synthesis
of extracellular matrix (ECM) components, including
collagen and aggrecan [42].

3. TGF-B also activates the MAPK/ERK signaling
pathway (mitogen-activated protein kinases), which
can interact with NF-xB and modulate its transcriptional
activity, thus influencing inflammatory responses. Under
certain conditions, the MAPK/ERK pathway may exert a
protective or even anti-inflammatory role by reducing the
expression of pro-inflammatory genes (see Fig. 2) [41].

4. Through the Rho/ROCK signaling pathway, TGF-
regulates cytoskeletal structural rearrangements
and supports the maintenance of the extracellular
matrix. This stabilizes disc tissue, reduces structural
damage, and indirectly attenuates the inflammatory
response [42].

The TGF-B, NF-xB, MAPK, PI3K/AKT, and Rho/ROCK
signaling pathways interact to form a complex regulatory
network that enables TGF-B to control inflammatory
processes, cell apoptosis, and the structural integrity of
the IVD. The TGF-B pathway is crucial for maintaining
ECM homeostasis and facilitating anabolic processes
within the disc [43].

PDGF exerts its effects through the activation of
several intracellular signaling pathways. The primary
action of PDGF in IVDD is mediated by its binding to
PDGFR-a and PDGFR-B receptors, which belong to the
receptor tyrosine kinase family. Ligand binding induces
dimerization and autophosphorylation of tyrosine
residues within the intracellular domain of the receptor,
enabling the recruitment of signaling proteins and
initiating multiple downstream signaling cascades. In
particular, the MAPK/ERK pathway triggers mitogen-
mediated cell proliferation, while the PI3K/AKT pathway
promotes cell survival and inhibits apoptosis. STAT3
is activated via JAK- or Src-dependent pathways and
regulates the expression of genes associated with
inflammation, angiogenesis, and tissue remodeling. As
a result, there is stimulation of IVD cells proliferation
and enhanced synthesis of ECM components, including
type I/II collagen and aggrecan [40].
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The concentration of PDGF in PRP ranges from 10 to
50 ng/mL, depending on the individual characteristics
of the sample and preparation conditions; however, in
samples with extremely high platelet counts, PDGF levels
may exceed 100 ng/mL [43].

PDGF signaling via PRP, when monitored at optimal
concentrations, can promote reparative processes and
prevent degenerative changes within IVD tissue [44, 45].

FGF interacts with specific receptors (FGFR1-
FGFR4), and the activation of this signaling pathway
stimulates the proliferation of nucleus pulposus and
fibrocartilage cells. The major pathways activated by
FGF include MAPK/ERK, PI3K/AKT, and JAK/STAT [46].
The key transcription factor regulating the expression of
chondrocyte-specific genes, such as type II collagen and
aggrecan, is Sox9 [47]. By stimulating tissue inhibitors of
metalloproteinases (TIMP), FGF decreases their activity,
thereby suppressing ECM degradation [48]. Furthermore,
FGF downregulates the expression of proinflammatory
cytokines (e.g., IL-1B and TNF-a), which play a critical
role in disc degeneration, and inhibits the NF-kB signaling
pathway. Through suppression of inflammatory signaling,
FGF promotes angiogenesis, improving the delivery
of nutrients and regenerative factors. It has been
demonstrated that PRP preparations containing a high
concentration of FGF can be administered via intradiscal
injections to stimulate tissue regeneration. This approach
reduces pain associated with degenerative changes and
slows the progression of degeneration. However, the
use of FGF requires precise dosing and monitoring, as
its concentration in PRP may vary depending on the
preparation method and platelet count, ranging from
20 to 200 pg/mL [49].

IGF-1, a key component of PRP, plays an essential
role in tissue repair and regeneration, particularly in
degenerative processes of the IVD. Its binding to the
IGF-1 receptor (IGF-1R) activates the latter, initiating
intracellular signaling cascades that are crucial for
cell growth, survival, and recovery. IGF-1 primarily
transmits signals through the PI3K/AKT pathway,
which promotes cell survival by inhibiting apoptosis and
stimulating matrix synthesis, including the production
of proteoglycans and type II collagen. This pathway
also provides protection against oxidative stress and
cellular senescence. The concentration of IGF-1 in PRP
may vary depending on the preparation technique and
platelet yield (ranging from 70 to 250 ng/mL). When PRP
is used therapeutically, it is essential to determine the
IGF-1 content in the preparation to ensure reproducibility
and treatment efficacy [50, 51].

CTGF (connective tissue growth factor) is a bioactive
protein that plays a significant role in tissue repair and
regeneration, especially in degenerative conditions of
the IVD [52]. It binds to TGF-B receptors, enhancing the
activation of Smad2/3, thereby inhibiting IKK and IkB-a.
As a result, NF-xB remains in the cytoplasm and does
not activate pro-inflammatory genes such as TNF-a and
IL-1B [53]. CTGF also activates the MAPK/ERK signaling
pathway, promoting cell proliferation and survival, as
well as PI3K and Akt, which enhance cell viability by
suppressing apoptosis in disc cells. Indirectly, CTGF
modulates the NF-xB pathway and activates the Wnt
(Wingless-related Integration Site) signaling pathway,
which regulates cellular proliferation, differentiation, and
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matrix homeostasis in the IVD. Through its interaction
with vascular endothelial growth factor (VEGF), CTGF
also modulates angiogenesis. By activating these
pathways, CTGF contributes to inflammation regulation,
tissue regeneration, and the maintenance of disc
homeostasis, while preventing cell death—making it a
pivotal factor in the therapeutic effects of PRP [54-56].
The concentration of CTGF in PRP may vary substantially
depending on the preparation method and donor platelet
count (20-300 ng/mL) [56].

EGF plays a crucial role in tissue repair and
regeneration, particularly in IVDD. It binds to
the epidermal growth factor receptor (EGFR), a
transmembrane receptor that undergoes dimerization,
autophosphorylation, and initiation of intracellular
signaling cascades. Studies have shown that EGF
activates the MAPK/ERK signaling pathway, leading to
the formation of the AP-1 complex, which regulates the
expression of genes responsible for cell proliferation
and the synthesis of extracellular matrix components
[57]. Activation of the PI3K/AKT and JAK/STAT
pathways supports anti-apoptotic processes, collagen
and proteoglycan synthesis, thereby promoting the
restoration of IVDD structure. Despite the controversial
nature of EGF activity in the context of IVD (due to
the avascular nature of the disc), it contributes to
angiogenesis, which may improve nutrient delivery
to the disc, and modulates inflammatory responses
by suppressing the synthesis of pro-inflammatory
cytokines IL-1B and TNF-a. Within PRP, EGF helps create a
microenvironment favorable for disc repair and reduction
of degenerative processes. It acts synergistically with
other growth factors present in PRP (TGF-B, PDGF, and
IGF-1) [57].

The concentration of EGF in PRP depends on
the preparation method and individual sample
characteristics, typically ranging from ~100 to 300 pg/
mL in non-activated PRP [59].

HGF binds to the tyrosine kinase receptor MET,
expressed on the surface of target NP and AF cells.
Activation of the MET receptor triggers downstream
signaling pathways essential for cell recovery and
survival. The key activated signaling cascades include
PI3K/AKT, which promotes cell survival and reduces
apoptosis; RAS/MAPK, which stimulates cell proliferation
and enhances tissue repair; and the STAT pathway, which
regulates anti-inflammatory responses and supports
the expression of genes involved in tissue regeneration.
The Wnt pathway contributes to cell differentiation and
matrix synthesis [60]. Protection of disc tissue by HGF
occurs through suppression of TNF-a and IL-1p cytokine
activity. Moreover, HGF promotes the synthesis of ECM
components, including collagen and proteoglycans.
Controlled modulation of matrix metalloproteinase (MMP)
activity and inhibition of their tissue inhibitors allows
for ECM remodeling. HGF also induces angiogenesis in
surrounding tissues, enhancing nutrient and oxygen
delivery to the IVD and thereby potentially improving
its regenerative capacity. Its antifibrotic effect is based
on the ability to inhibit TGF-B activity [61, 62].

The concentration of HGF in PRP may vary depending
on the preparation protocol and other factors. Studies
have demonstrated HGF levels of approximately 377.7-
386.3 pg/mL in PRP samples, which reflects variations
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in platelet activation protocols and growth factor
release [63].

Clinical research data on PRP application indicate
its therapeutic potential. A systematic review and meta-
analysis covering 10 studies involving intradiscal PRP
injections in patients with vertebrogenic and discogenic
pain [64] demonstrated positive effects on pain reduction
and spinal function improvement. Similar beneficial
outcomes have been reported in other studies, including
the work of S. Kawabata et al. [65], emphasizing the
importance of a critical approach to data interpretation
and caution in drawing clinical conclusions [66].

Conclusions

Platelet-rich plasma is a multifunctional biological
agent capable of modulating degenerative processes
in IVDD. IVD cells express receptors for key growth
factors present in PRP (TGF-B, PDGF, IGF-1, FGF, CTGF,
EGF, HGF). The interaction of these ligands with their
corresponding receptors (TGFBR, PDGFR, IGF1R, FGFR,
EGFR, c-Met) activates several intracellular signaling
cascades (Smad, PI3K/AKT, MAPK, JAK/STAT, etc.),
which collectively inhibit the catabolic factor NF-xB
and trigger anabolic processes. This leads to enhanced
synthesis of extracellular matrix components (collagen,
aggrecan), increased cell survival, and reduced
inflammation within disc tissues. Specifically, TGF-$
via the Smad cascade suppresses the expression of
pro-inflammatory cytokines and promotes matrix
synthesis; PDGF and IGF-1 activate the PI3K/AKT and
MAPK pathways to enhance proliferation and protect cells
from apoptosis. FGF and EGF engage the ERK/MAPK and
JAK/STAT pathways, stimulating disc cell regeneration,
while HGF complements the actions of other factors by
reducing inflammation and fibrosis and supporting matrix
synthesis through activation of the MET receptor and
AKT/MAPK pathways.

Thus, at the current stage of scientific understanding,
PRP is considered a pathogenetically justified therapeutic
approach for influencing discogenic pain associated with
degenerative changes of the IVD. However, PRP should
not be regarded as a universal treatment modality for
treating all forms of degeneration. To substantiate the
long-term efficacy and safety of this method, large-scale
randomized controlled trials are required, considering
the clinical forms of pathology, inclusion criteria, PRP
dosing, injection techniques, and standardized efficacy
outcomes.
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Epidemiology of mild blast-related traumatic
brain injury

In countries involved in modern military conflicts,
blast-related TBI has taken the leading position among
injuries sustained by service members [1]. During the
military operations in Iraqg and Afghanistan—where
the intensity of hostilities was lower compared to the
current Russian-Ukrainian war, and regular Western
forces often faced paramilitary groups—at least 10-20%
of U.S. military personnel sustained TBI [2]. From the
beginning of American involvement in military operations
in 2000 through 2014, approximately 320,000 cases of
TBI were registered [3]. According to the Defense and
Veterans Brain Injury Center (DVBIC), between 2000
and the first quarter of 2016, about 348,000 active-duty
service members sustained TBI. The annual number of
such injuries increased from 10,958 in 2000 to a peak
of 32,907 in 2011, subsequently decreasing to 22,594 in
2015. The majority of these injuries (82%) were classified
as mild. Blast exposure accounted for 80% of mild TBI
cases [4, 5].

In 2014, 7% of Iraq and Afghanistan war veterans
receiving care within the U.S. Department of Veterans
Affairs (VA) healthcare system had a TBI diagnosis [6]. A
more detailed screening of one million veterans for head

injuries between 2007 and 2015 revealed TBI in 8.4% of
them. Given that an additional 45,000 service members
had already been diagnosed with mild TBI, the total
number of individuals with this type of injury reached
137,841, representing 13.8% of all those examined [7].

According to U.S. researchers, blast-related
injuries—including those caused by explosive shells,
landmines, and rocket-propelled grenades—accounted
for 56-78% of all combat injuries sustained during
operations in Iraq and Afghanistan [8]. These changes
in the injury structure observed during recent military
campaigns give reason to consider blast-related TBI to
be the marker injuries sustained by soldiers in modern
warfare [1]. Due to the prolonged nature of the conflicts
in Afghanistan and Iraq and the frequent use of blast
devices by enemy combatants, clinical and research
attention has increasingly focused on blast-related TBI,
especially its mild form [9]. It is noteworthy that only
about 2.8% of blast-related head injuries were classified
as severe, while the majority were mild. The true
prevalence is believed to be underestimated, as mbTBI
often remains undiagnosed and untreated due to the
limitations of current screening tools, vague diagnostic
criteria, and the lack of objective or imaging-based
verification methods [10].
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Reports indicating the frequent occurrence of
repeated blast injuries among military personnel are
alarming. A literature review [11] described a case of a
U.S. Marine Corps Explosive Ordnance Disposal technician
who sustained 50 significant blast exposures over 14
years of service. Other reports have documented groups
of patients with an average of 13-14 blast exposures
per individual during active combat deployment [11].
The high incidence of recurrent mbTBI increases the
risk of developing chronic traumatic encephalopathy (a
condition believed to result from multiple mild TBIs) as
well as other forms of dementia [12].

The treatment and rehabilitation of service members
who have sustained TBI are associated with substantial
economic costs. In 2014, the average medical cost per
injured service member diagnosed with TBI in the United
States was USD 15,161, which was significantly higher
than the cost for those without such a diagnosis (USD
5,058) [6].

Studies of blast-related TBI based on data from
military campaigns in Iraq and Afghanistan concluded
that, although many medical principles and treatment
protocols used in the civilian sector for the assessment
and management of TBI can be applied to wounded
service members, there are several distinctive factors
specific to this injury in military and veteran populations.
These include the combat-related mechanisms of injury,
unique blast dynamics, comorbid psychiatric conditions,
and the influence of military culture, which often
minimizes the perceived significance of mild injuries [9].

The military operations in Ukraine, ongoing since
2014 as a result of Russian aggression, are characterized
by the simultaneous use of modern personal protective
equipment and advanced weaponry, including barrel
and rocket artillery, rocket-propelled grenades, and
landmines. This has led to a growing number of blast
injury cases and an urgent need for effective medical
care and rehabilitation for the affected service members
[13]. Accurate epidemiological data on the prevalence
and long-term consequences of mbTBI will only be
available after the war concludes. However, based on
international research findings, it is evident that the
long-term rehabilitation of a large number of affected
individuals will become one of the major challenges for
Ukraine’s healthcare system.

Pathophysiology of mild blast-related

traumatic brain injury

The mechanisms underlying blast-related TBI differ
fundamentally from those of “civilian” TBI (hereinafter,
the term civilian TBI is used in a nonstandard sense to
distinguish injuries sustained in non-combat conditions
from blast-related TBI). In peacetime injuries, brain
damage typically results from rotational and inertial
forces as well as from local traumatic impact. In
contrast, blast-related injuries are caused by a pressure
wave transmitted over a distance through the air [14].
According to the classical definition by C.J. Clemedson
(1956), a blast injury represents the biophysical and
pathophysiological changes resulting from direct
exposure to an explosion or its associated shock wave
[15]. Although blast-related TBI may present with the
clinical features of mild TBI, it can be accompanied by
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significant morphological alterations, including cerebral
edema, neuroinflammation, vasospasm, diffuse axonal
injury, neuronal death, and secondary astrogliosis. At the
cellular level, blast-related brain injury is characterized
by multiple heterogeneous disturbances, such as
increased accumulation of B-amyloid precursor protein,
upregulated expression of proto-oncogenes c-Myc,
c-Fos, and c-Jun, enhanced nitric oxide synthesis leading
to oxidative stress, disruption of axonal transport, and
elevated levels of TBI biomarkers including neuron-
specific enolase (NSE), ubiquitin C-terminal hydrolase-L1
(UCH-L1), and glial fibrillary acidic protein (GFAP) [1].

Blast-related TBI represents a distinct form of
traumatic injury resulting from direct or indirect
exposure to an explosion, most commonly under
combat conditions. Injury caused by excessive blast
pressure occurs as a result of the rapid release of
energy over a short time interval and within a limited
volume, generating a nonlinear wave of shock and
pressure. The resulting “shock wave” consists of a
high-pressure front that compresses the surrounding air
within submillisecond-millisecond timeframes, followed
by an abrupt pressure drop, often below atmospheric
levels (negative pressure)—before returning to ambient
conditions. The zone of negative pressure then rapidly
expands and is replaced by an equivalent volume of air.
This air displacement produces the so-called “blast wind,”
a powerful stream of superheated air constituting a
large mass of gas capable of propelling the victim’s body
against surrounding objects. The blast wind, together
with the shock wave, forms the primary components of
the “blast wave.” Blast waves exert complex effects on
the head-brain system, and the severity of blast-related
TBI depends on both the magnitude and the duration of
the pressure cycle [1, 16, 17].

From a physical standpoint, tissue injury resulting
from the primary blast effect occurs through several
mechanisms, including spallation, implosion, inertial
effects, and cavitation. Spallation arises when a shock
wave transitions from a denser to a less dense medium,
causing the fragmentation of the denser material into
the less dense one. A relatively simple example is an
underwater explosion, in which the denser water is
dispersed into the less dense air. Cavitation and implosion
are interrelated phenomena that occur when the negative
pressure phase of the blast wave forces dissolved gases
in fluids to form bubbles. These bubbles subsequently
collapse under negative pressure (implosion) and then
explosively expand once the negative pressure phase
passes. Spallation, cavitation, and implosion can lead to
primary pulmonary blast injury. Inertial forces develop at
the interfaces of tissues with different densities when the
blast pressure accelerates materials of varying density
at different rates, generating shear stresses [18-20].
Experimental models have demonstrated that cavitation
can also result in secondary tissue damage under blast
exposure. In particular, cavitation of the cerebrospinal
fluid may occur at pressure levels and exposure durations
consistent with those observed during real-life explosive
events [19, 21].

The U.S. Centers for Disease Control and Prevention
(CDC) classifies blast-related injuries into four
categories [22]:
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1) primary injuries, caused by the direct effect of
the initial overpressure wave on body surfaces (primary
blast);

2) secondary injuries, resulting from penetrating
or blunt trauma caused by fragments and projectiles;

3) tertiary injuries, sustained when the body is
propelled by the blast wind;

4) quaternary injuries, encompassing all other
explosion-related injuries, illnesses, or diseases
not caused by the primary, secondary, or tertiary
mechanisms, as well as the exacerbation or complication
of pre-existing medical conditions [22].

Although blast injuries are often combined or
complex, this study focuses exclusively on mbTBI
resulting from the shock wave.

There is a limited number of studies reporting
chronic neuropathological changes associated with
blast-related TBI. The results of such investigations
are summarized in a literature review [23], which
notes that these reports began to emerge after 2011.
Notably, in the brain tissue of a former U.S. Marine,
neurofibrillary tangles and tau protein pathology
were identified, resembling the pattern characteristic
of chronic traumatic encephalopathy (CTE). Similar
pathological alterations were observed at autopsy in four
military veterans exposed to blasts. In another series of
pathohistological studies (five blast-exposed servicemen,
four of whom survived longer than two months after
the incident), axonal pathology was described. In five
additional cases of chronic blast-related TBI (with
survival beyond six months post-injury), the authors
reported pronounced astroglial pathology (astrogliosis),
indicating the presence of reactive gliosis, as well as tau
protein abnormalities in two of the five cases. In addition
to these limited human studies investigating both acute
and chronic neuropathological outcomes, a considerable
number of animal models have been developed. However,
these models have inherent limitations in accurately
replicating the pathophysiological mechanisms and
neuropathological features of blast-related TBI observed
in humans.

The blast wave can affect the brain through several
mechanisms. First, as kinetic energy passes through
the skull, it can directly induce acceleration or rotational
motion of the brain, leading to diffuse axonal injury
(DAI) followed by secondary axonal degeneration.
Although these injury types may initially appear similar
to non-blast, “civilian” TBI, recent evidence indicates
that the axonal injury pattern caused by blast exposure
is unique to blast-related TBI. Neuroimaging studies
of military personnel using diffusion tensor magnetic
resonance imaging (DT-MRI) after blast exposure have
demonstrated that axonal injury in blast-related TBI
is more widespread and spatially variable compared
to non-blast “civilian” trauma. Affected brain regions
include the superior corona radiata of the frontal
cortex, the cerebellum, and the optic tracts [24, 25].
These findings are consistent with results obtained
from rat models of blast-related TBI, which showed that
rotational brain injury (analogous to “civilian” trauma)
produces distinct behavioral disturbances compared
with blast-induced neurotrauma [26]. Collectively,
these data support the notion that blast-induced axonal
injury should be regarded as a separate subtype of
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diffuse axonal injury. This is further supported by the
more pronounced inflammatory response observed in
blast-related TBI relative to non-blast trauma, including
increased expression of pro-inflammatory cytokines and
heightened neuroglial activation [27, 28]. Additionally,
in rat models of blast-related TBI, brain edema and
vasospasm are more prevalent due to primary arterial
constriction and compromised vascular integrity, leading
to secondary neuronal tissue damage [29].

According to K.J. Dixon (2017), in addition to the
direct mechanical impact on brain tissue, the blast wave
may also act indirectly through two possible mechanisms.
First, a blast can cause compression and subsequent
expansion of gas-containing compartments within
the brain, resulting in damage to surrounding tissues.
Second, the blast wave may generate pressure waves
within the blood or cerebrospinal fluid, which propagate
to the brain within seconds. Such a shock wave can
accelerate tissue components from rest to a velocity
dependent on medium density, potentially causing
deformation and injury of the affected neural structures
[30]. These indirect effects of blast exposure are thought
to result both from the transmission of explosive energy
through the blood vessels of the thoracic and abdominal
cavities and from vagus-mediated bradycardia, arterial
hypotension, and possibly cerebral hypoperfusion [31].

The described effects of blast waves on the central
nervous system have been confirmed in experimental
studies. Following a single sublethal blast exposure
generating overpressure levels of 48.9-77.3 kPa in open-
field conditions (a model of mbTBI), rat brains examined
one day post-injury exhibited “darkened”, shrunken
cortical neurons and spastic blood vessels. Histological
analyses revealed apoptotic oligodendrocytes and
astrocytes (TUNEL-positive staining) within the white
matter, along with acute axonal injury (increased
amyloid precursor protein immunoreactivity) but without
evidence of macrophage or microglial activation. Signs
of recovery were observed on days 4 and 7 post-blast,
indicating the mild nature of the cellular injury and white
matter alterations [32].

Several anatomophysiological prerequisites may
underlie the mechanisms described above. These include
the direct propagation of the blast wave through the skull
or paranasal sinuses [33]. Conversely, the indirect action
of the blast wave is associated with compression of the
abdomen and thoracic cavity, which transmits kinetic
energy through the body’s biological fluids. This effect
generates oscillatory pressure waves that travel from
the bloodstream to the brain—remote from the site of
maximal explosive energy impact. Such kinetic energy
transfer induces functional and morphological alterations
within brain structures, constituting a specific feature of
blast-induced brain injury, which is not observed in other
known forms of TBI. The complex mechanism of blast-
related damage also involves the primary blast impact on
the autonomic nervous system [1]. In an experimental
mouse model, the effects of mbTBI were assessed at
overpressures of 68, 103, and 183 kPa generated by
a shock tube on parenchymal organs and the brain.
The principal injuries to extracerebral organs included
pulmonary hemorrhages and hemorrhagic infarctions of
the liver, spleen, and kidneys. Multifocal axonal injury
was observed in the cerebellum, corticospinal tracts, and
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optic pathways, accompanied by persistent behavioral
and motor impairments, such as deficits in social
interaction, spatial memory, and motor coordination.
Notably, torso protection significantly reduced both
axonal damage and behavioral deficits [34]. In another
study, mbTBI was modeled in rats using a shock tube
producing overpressures of 126 and 147 kPa. The
thoracic cage and abdominal region of the animals were
protected with a Kevlar vest, which reduced blast-related
mortality, as well as the extent of axonal degeneration in
the brain and the severity of neurological and behavioral
disturbances [35].

Taken together, these findings support the
increasingly recognized theory that thoracoabdominal
vascular/hydrodynamic transmission of blast waves
may represent a primary mechanism of blast-related
TBI. Notably, certain patients exposed to blast events
exhibit clinical signs of TBI in the absence of direct head
trauma [20]. This theory has received experimental
confirmation. The authors of the study [36] investigated
the effects of a blast wave on rats placed within a shock
tube apparatus, where overpressure of 70 and 130
kPa was applied exclusively to the torso, while carotid
artery and intracranial pressure were simultaneously
measured. The researchers demonstrated that the
blast energy transmitted through the torso resulted
in @ 255% increase in peak bulk blood flow velocity in
the basal brain regions and a 289% increase in shear
stress within cerebral vessels. They concluded that the
indirect mechanism of blast injury provokes a sudden,
high-magnitude blood surge that rapidly propagates from
the torso through the neck to the cerebral vasculature.
This surge markedly increases vascular wall shear stress
within the brain’s circulatory network, potentially leading
to functional and structural alterations of cerebral veins
and arteries and, ultimately, to vascular pathology [36].
An increase in cerebral vascular pressure resulting
from thoracoabdominal compression compromises
the integrity of the blood-brain barrier (BBB), leading
to damage of small cerebral vessels. As noted above,
blast-related injury to air-filled organs, such as the
lungs, may cause air embolism through the spallation
mechanism. Air emboli can enter cerebral vessels,
resulting in cerebral ischemia and infarction. In addition,
blast overpressure may provoke structural alterations
of arteries due to blast-relayed vasospasm [20,37-39].

According to researchers [40], experimental models
should compare the severity of blast-related TBI using
two types of special protective devices. The first device
(Miron lungs”) allows the blast wave to act exclusively
on the head of the animal, while the second directs the
blast exposure to the thoracic and abdominal regions.
Such experiments would help explain and substantiate
the clinical observation that enhanced thoracic protection
provided by ballistic body armor likely plays a significant
role in mitigating the severity of blast-related TBI by
preventing pulmonary injury at blast intensities that
would otherwise cause TBI [41]. However, it has been
reported [11] that under real combat conditions in the
Irag and Afghanistan wars, body armor and helmets
did not protect soldiers from closed blast-related TBI.

Taken together, the literature evidence convincingly
demonstrates that the biomechanics and pathophysiology
of neurotrauma resulting from blast exposure differ
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fundamentally from those of civilian peacetime injuries
or penetrating ballistic trauma sustained in combat.
These findings are of critical importance for developing
effective diagnostic, therapeutic, and rehabilitation
strategies for military personnel and veterans affected
by blast-related brain injury.
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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 CV]
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
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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.

http://theunj.org
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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.

33

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
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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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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.
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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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Introduction: Burst fractures of the thoracolumbar junction (TLJ, T10-
L2) are common spinal injuries associated with a high risk of neurological
complications. Transpedicular fixation is one of the most effective treatment
methods; however, the optimal choice of fixation configuration remains
unresolved. This study aims to analyze the stress-strain state of various
short-segment transpedicular fixation configurations for Th12 vertebra burst
fractures under lateral flexion loading.

Materials and methods: A finite element model of the Th9-L5 spinal segment
with a simulated Th12 burst fracture was created. Four fixation configurations
were considered: M1 - short screws in Thil and L1 (without intermediate
screws), M2 - long screws in Th1l and L1 (without intermediate screws), M3 -
short screws in Th1l and L1 with intermediate screws in Th12, and M4 - long
screws in Th1ll and L1 with intermediate screws in Th12.

The models were analyzed using CosmosM software, assessing equivalent
von Mises stress at 18 control points. Loads simulated physiological lateral
trunk bending.

Results: Models with long screws (M2, M4) demonstrated lower maximum
stresses in connecting rods (315.5-321.0 MPa) compared to short screws
(324.8-324.9 MPa). The inclusion of intermediate screws (M3, M4) significantly
reduced stress in the fractured Th12 vertebra (by up to 28%), in adjacent
vertebral endplates (by 18-25%), and at screw entry points into vertebral
arches (up to 28%). The lowest fixation screw stresses were observed in
the model with long and intermediate screws (up to 38% lower compared to
the baseline model M1). However, intermediate screws minimally influenced
stresses in the connecting rods (up to 1.2%).

Conclusions: The optimal short-segment transpedicular fixation configuration
is the use of long screws in adjacent vertebrae combined with intermediate
fixation in the fractured vertebra (M4). This approach provides optimal load
distribution, reduces the risk of construct failure, and preserves mobility
of adjacent segments. Long screws improve overall system stiffness,
while intermediate screws effectively stabilize the damaged segment and
significantly unload critical areas of the construct and adjacent anatomical
structures.

Keywords: burst fractures; thoracolumbar junction; transpedicular fixation;
short-segment stabilization; finite element modeling, lateral flexion;
intermediate screws

Introduction

proportion of patients (20-50%) experience associated

Injuries of the thoracolumbar junction (TLJ) are
among the most common spinal traumas. Approximately
50% of all vertebral fractures occur in the Th10-L2
segment [1].

The biomechanical characteristics of the TLI—
specifically, the transition from the relatively rigid
thoracic to the more flexible lumbar segment—predispose
this region to a higher risk of injury [2]. Such traumas
carry considerable clinical significance, as a substantial

neurological deficits [3]. Given the risk of spinal cord
injury and subsequent disability, TLJ injuries warrant
special attention and timely management.

Among TLJ injuries, burst fractures of the vertebral
bodies are of particular concern. A burst fracture
constitutes a severe form of spinal trauma characterized
by fragmentation of the vertebral body with disruption of
the anterior and middle spinal columns and retropulsion
of bony fragments into the spinal canal [4]. These
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fractures typically result from high-energy mechanisms,
such as falls from height or motor vehicle accidents,
and frequently lead to compression of neural structures
[5]. Burst fractures are prone to progressive kyphotic
deformity and neurological complications; therefore,
surgical treatment is often indicated. This includes
spinal stabilization through internal fixation and, when
necessary, decompression of the spinal canal (direct or
indirect) [6, 7].

Transpedicular fixation is a widely accepted method
for surgical stabilization of TLJ fractures [8]. Two
principal strategies are employed: long-segment fixation
(involving two or more vertebrae above and below the
fracture level) and short-segment fixation (involving only
one vertebra above and below the fracture) [9]. Long-
segment constructs provide superior initial stability and
more effectively prevent post-traumatic kyphosis [10].
However, they require immobilization of a greater portion
of the spine, resulting in reduced mobility of additional
segments and increased surgical invasiveness [11].
Short-segment constructs are less invasive and help
preserve motion in a larger portion of the spine, but
have historically been associated with a higher risk of
fixation failure (such as rod breakage, screw migration,
or pullout) and secondary deformity [12]. According
to the literature, conventional short-segment fixation
of thoracolumbar burst fractures results in loss of
kyphotic correction >10° or other stabilization-related
complications in approximately half of the cases [13].

To enhance the reliability of short-segment
transpedicular fixation systems, various technical
methods have been employed to strengthen the
construct. In particular, the additional use of transverse
connectors increases the rigidity of the system under
rotational loads. However, the placement of intermediate
screws directly into the body of the injured vertebra is
considered a more effective method for reinforcing short
fixation [14]. As early as 1987, it was demonstrated that
including the injured vertebra in the fixation construct
significantly increases its stiffness: resistance to bending
and axial loading rises by 84-160% compared with
the standard configuration that does not include such
screws [15]. Numerous biomechanical studies have
confirmed that the presence of an intermediate screw
improves construct stability and protects the anterior
spinal column by reducing the load on the implants [14].
Clinical observations also indicate the advantages of
fixation involving the damaged vertebra. This approach
allows for better maintenance of deformity correction
and reduces the incidence of stabilization failure during
the postoperative period compared to traditional short
fixation without intermediate screws [16].

Most biomechanical analyses of transpedicular
fixation systems have focused on the behavior of
constructs under flexion/extension and axial loading.
However, lateral bending (lateroflexion) is an equally
important component of implant loading, since lateral
forces generate pronounced asymmetric deformations
within the construct and stress concentration in certain
fixation elements [17]. The limited data regarding
fixation system behavior during lateroflexion do not allow
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for a precise assessment of their strength reserve under
such conditions. Therefore, the study of the stress-strain
state of fixation elements under lateral spinal bending
remains a relevant and important research direction.

The authors conducted a comparative analysis of
short-segment transpedicular fixation variants for burst
fractures in the TLJ, using intermediate screws inserted
into the body of the injured vertebra and without them. In
addition, the length of the main screws inserted into the
adjacent intact vertebrae (monocortical versus bicortical
fixation) was also taken into account.

The study examined only one model of burst fracture
with short-segment transpedicular fixation without
reconstruction of the anterior supporting column. This
approach was chosen because other methods of surgical
stabilization—such as corpectomy with a telescopic cage
or hybrid technigues—had been previously analyzed
and partially published by the authors. The presented
findings constitute a component of a large, multi-stage
study devoted to the biomechanical evaluation of various
stabilization strategies for traumatic injuries in the TLJ
region.

Objective: to analyze the stress-strain state of
various options for transpedicular fixation in a T12
burst fracture under conditions of lateroflexion (lateral
bending).

Materials and methods

Model of the spine and fixation options

A finite element model of the thoracolumbar spine
segment (Th9-L5) with a burst fracture of the T12
vertebra was developed. The T12 vertebral body was
modeled with a destructive defect to represent the
presence of bone fragments and structural damage.
For this purpose, a region of reduced stiffness
was incorporated into the model to simulate the
interfragmentary regenerate. Transpedicular fixation
was used to stabilize the injured segment. Four fixation
configurations were considered:

e model 1 (M1): short (monocortical) screws
inserted into the Th1l and L1 vertebral bodies without
intermediate screws in the fractured T12 body (standard
four-screw fixation).

e model 2 (M2): long (bicortical) screws
inserted into the Th1l and L1 vertebral bodies without
intermediate screws in the T12 body.

e model 3 (M3): short (monocortical) screws
inserted into the Th1ll and L1 vertebral bodies with
intermediate screws placed in the T12 body (six-screw
fixation).

e model 4 (M4): long (bicortical) screws inserted
into the Th1l and L1 vertebral bodies with intermediate
screws in the T12 body.

Short screws were confined within the vertebral
body, whereas long screws penetrated the anterior
cortical wall to enhance fixation rigidity (bicortical
placement).

It is well established that the use of transverse
connectors positively influences the load distribution
within the fixation system by reducing stress

This article contains some figures that are displayed in color online but in black and white in the print edition.
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concentration and increasing overall construct stiffness.
Their application is justified in cases where biomechanical
studies or clinical observations indicate a risk of reaching
the mechanical strength limit of certain components
of the stabilization system — both metallic and bone
structures.

However, in the framework of this study, a fixation
configuration corresponding to a minimally invasive
(percutaneous) surgical procedure was simulated.
In such interventions, the placement of transverse
connectors is technically infeasible. Therefore, the effect
of transverse connectors was not evaluated.

Materials and their properties

All biological tissues and implant elements in the
model were considered homogeneous and isotropic. The
mechanical characteristics of the materials — Young’s
modulus (E) and Poisson’s ratio (v) — were selected based
on literature data and technical documentation [18-20].
The mechanical properties of the materials used in the
simulation are summarized in Table 1.

Finite element network and software

The geometric model of the spine was constructed
using the computer-aided design (CAD) system
SolidWorks (Dassault Systémes). For the strength
analysis, the CosmosM software package was employed,
which implements the finite element method (FEM) [21].
The discretization of the model was performed using
solid tetrahedral elements with 10 nodes (quadratic
displacement field approximation). This level of mesh
refinement ensures more accurate calculations of the
stress—strain state of both the spinal structure and the
implants [22].

Loading and boundary conditions

The model was loaded according to a scheme
simulating a lateral bending of the torso. To achieve
this, a bending moment was applied to the upper part
of the model (the region of the Th9 vertebral body and
its corresponding articular processes) through a lateral
force of 350 N. This value approximately corresponds to
the weight of the upper half of the human torso, creating
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a physiological load on the thoracolumbar region of
the spine during lateral bending. The lower base of the
model—specifically, the caudal (inferior) surface of the L5
intervertebral disc—was rigidly fixed (immovable support
condition) to reproduce the influence of pelvic support.
Thus, the simulation reproduced realistic boundary
conditions: the upper vertebrae were subjected to
gravitational loading during flexion, while the lower end
of the model remained stationary [23].

Evaluation of the stress—-strain state

The analysis of stresses and deformations in the
models was performed using the von Mises equivalent
stress criterion [24,25]. This approach enables the
evaluation of maximum stress intensity in both bone
structures and fixation elements for each stabilization
method. To compare the effectiveness of the constructs,
the stress levels were determined in 18 control points
within key areas of the model — including the bodies of
vertebrae adjacent to the fracture and the elements of
the metal fixation system (Fig. 1):

o vertebral bodies Th9, Th10, Thil, Thi12, L1,
L2, L3, L4, L5 (control points 1-9, respectively);

e endplates of the vertebrae adjacent to the
damaged one: the inferior endplate of Th11 (point 10)
and the superior endplate of L1 (point 11);

e entry zones of the screws into the vertebral
arches Thll (point 12), Th12 (point 13), and L1 (point
14);

e screws within the vertebral bodies Th11 (point
15), Th12 (point 16), and L1 (point 17) (for models
without intermediate fixation, points 13 and 16 are
absent, as no screws were inserted into Th12);

e connecting rods (fixation system bars)
(point 18).

This approach made it possible to identify stress
concentration zones for each fixation configuration and to
compare them, which is important for the biomechanical
assessment of stabilization reliability [26].

A separate modeling of the unfixed state was not
performed, since in the case of a burst fracture without
stabilization, the structure loses its mechanical integrity,
making an accurate stress calculation impossible.

Table 1. Mechanical characteristics of materials used in the simulation

Material Young’s modulus, MPa Poisson’s ratio
Compact bone tissue 10 000 0,30
Cancellous (spongy) bone tissue 450 0,20
Articular cartilage 10,5 0,49
Intervertebral disc 4,2 0,45
Interfragmentary regenerate 1,0 0,45
Titanium (VT-16 alloy) 110 000 0,30
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Fig. 1. Schematic arrangement of the control points of the models (description in the text): A - lateral
projection; B - posterior-lateral projection; C - anterior-lateral projection

Results

For each control point, we analyzed how the stress
level changes when transitioning from one fixation model
to another.

Stress in vertebral bodies (control points 1-9)

Upper and lower segments (Th9, Th10, L2-L5).
In vertebrae distant from the fixation zone, stresses
remain low and nearly identical across all configurations.
Specifically, in the vertebral bodies Th9 and Th10, the
stress values range from 1.0 to 1.4 MPa and show
negligible differences between the models. In the
lumbar L2-L5 vertebrae, the stresses range from 12.1
to 17.5 MPa, decreasing when longer and intermediate
screws are used (for example, in the body of vertebra
L3 — down to 12.1 MPa). This is an expected result, as
regions far from the site of injury and implantation are
influenced mainly by external loading and depend little
on the configuration of the fixation device.

Vertebrae adjacent to the fracture (Th1l and
L1). In the vertebrae adjacent to the injured Th12, where
screws were placed, a moderate reduction in stress was
observed as the fixation was improved. The baseline
model (short screws without intermediate ones) shows
stress values of 7.9 MPa in the Thll vertebral body
and 18.9 MPa in the L1 body. The use of longer screws
(without intermediate ones) reduces these stresses to
7.8 MPa (Th11) and 18.0 MPa (L1). Adding intermediate
screws into the Th12 vertebral body (short screws with
intermediates) further unloads the Th11 vertebra (down
to 7.0 MPa), but slightly increases the stress in L1 (up to
19.0 MPa). The lowest stress levels in adjacent vertebrae
were recorded when combining long screws with
intermediate ones: 6.8 MPa in Th1l and 17.1 MPa in L1.

Overall, the use of longer screws and intermediate
fixation contributes to a reduction of stress in the bodies
of the adjacent vertebrae. The effect of intermediate
screws is more pronounced for Thll (~ 14% reduction)
than for L1. When both factors—long and intermediate
screws—are combined, a cumulative effect occurs,
providing the lowest stress levels in Thil and L1.

Injured Th12 vertebra. The affected Th1l2
vertebral body exhibited the most pronounced
differences among all bony structures across the
tested models. Without intermediate fixation, the Th12
vertebral body experienced maximum stresses of 12.3
MPa (short screws) and 12.1 MPa (long screws). The
use of intermediate screws significantly reduced the
load on the vertebra: stresses decreased to 9.1 MPa
(short screws with intermediates) and 8.8 MPa (long
screws with intermediates). Thus, intermediate fixation
of the Th12 vertebra reduces stress by 27-28%. The
screw length alone, without intermediate fixation, had
a relatively minor effect (a decrease of only 1-2%), but
when combined with intermediate screws, the maximum
reduction reached 28%. Summary data on stress
distribution in the bodies of the main vertebrae for all
fixation models are presented in Table 2.

A visual representation of the stress distribution on
the model elements, depending on the type of fixation
system, is shown in Fig. 2.

Stress on the endplates (points 10-11)

Changes in stress within the endplates of the
Th1ll (caudal) and L1 (cranial) vertebrae exhibit
smaller amplitudes and less consistent trends, as the
cartilaginous tissue of the intervertebral discs partially
compensates for differences between fixation schemes
due to a similar load transfer mechanism.

The inferior endplate of the Thil vertebra
(point 10) without intermediate fixation demonstrates
stresses of 4.3 MPa (short screws, M1) and 4.2 MPa
(long screws, M2). The presence of screws in the Th12
vertebral body leads to a distinct reduction in load on
the inferior endplate of Th11l — to 3.8 MPa (short screws
with intermediate fixation, M3) and to a minimum of
3.2 MPa (long screws with intermediate fixation, M4).
This difference indicates effective load reduction in this
area due to stabilization of the injured Th12 segment
with intermediate screws. Compared with the baseline
model (M1), the maximal load decrease amounts to
approximately 25.6% (from 4.3 to 3.2 MPa).
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Table 2. Equivalent stress (MPa) in the vertebral bodies of T11, Th12, and L1 for four fixation models under

lateral flexion

Control point Short screws Long screws without Short screws with Long screws with
without intermediates intermediates intermediates
intermediates
Thi1l vertebral body 7,9 7,8 7,0 6,8
Th12 vertebral body 12,3 12,1 9,1 8,8
L1 vertebral body 18,9 18,0 19,0 17,1

M1 M2

M3

364,33
N

Qo

| N
C - N Wby

M4

Fig. 2. Stress distribution in models (M1-M4) of the thoracolumbar spine with a burst fracture of the Th12

vertebral body during lateral flexion

The superior endplate of the L1 vertebra
(point 11) shows a slightly smaller amplitude of stress
variation, though the downward trend is clearly evident.
The highest load was recorded in the model without
intermediate screws and with short screws (M1) — 8.2
MPa; slightly lower in the model with long screws without
intermediate fixation (M2) — 8.1 MPa. The addition of
intermediate screws significantly reduced the load on
the superior endplate of L1: in the model with short
and intermediate screws (M3), the load decreased to
7.0 MPa. In the configuration with long and intermediate
screws (M4), the lowest value was recorded — 6.7
MPa, corresponding to an 18.3% reduction compared
with the baseline configuration (M1). Thus, the use of
intermediate screws substantially decreases the load
on the superior endplate of the L1 vertebra, improving
structural stability and reducing the risk of cartilage
tissue damage.

Overall, endplate stress varied by 1.1-1.5 MPa
depending on the model. The most effective load
reduction was observed in the model with long screws
combined with intermediate fixation.

Stress distribution in screw entry zones

(points 12-14)

Arch of the Thl1l vertebra (point 12). At the
screw entry site in the Thll vertebral arch (the point
of load transfer from the screw to the bone), a gradual
decrease in stress was observed when transitioning from
short screws without intermediate fixation (7.5 MPa, M1)
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to long screws without intermediates (7.3 MPa, M2).
A more pronounced reduction in stress was recorded
with the use of intermediate screws: for short screws
with intermediate fixation (M3), the stress decreased
to 5.8 MPa (a 22.7% reduction compared to M1). The
model with long screws and intermediate fixation (M4)
demonstrated a slight increase in stress to 6.1 MPa;
however, it remained substantially lower (by 18.7%)
than in the baseline configuration. Thus, the presence
of intermediate screws provides a significant unloading
effect on the Th11 vertebral arch, while the screw length
moderately affects the stress distribution.

Arch of the Th12 vertebra (point 13). This
area was analyzed only in models with intermediate
screws (M3, M4). The stress at the entry point of the
intermediate screws into the damaged Th12 vertebral
arch remained low: 3.7 MPa for short screws (M3) and
slightly lower (3.5 MPa) for long screws (M4). These
findings indicate that additional intermediate screws do
not generate significant local overstress in the fractured
segment, confirming their safety and effectiveness for
stabilizing the injured vertebra.

Arch of the L1 vertebra (point 14). The stress
in the screw entry zone of the L1 vertebral arch showed
a downward trend when moving from short screws
without intermediates (14.9 MPa, M1) to long screws
without intermediates (13.2 MPa, M2). The inclusion
of intermediate screws in the Th12 vertebral body
further reduced the stress: in the model with short and
intermediate screws (M3), it reached 13.4 MPa, close to
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the M2 value. The lowest stress level was recorded in
the configuration with long and intermediate screws (M4)
— 10.7 MPa, which is 28.2% lower than in the baseline
model (M1). This demonstrates that the combination
of long and intermediate screws provides the most
effective unloading of the screw entry zone in the inferior
adjacent vertebra, which is crucial for preventing bone
tissue damage.

Stress in screws (control points 15-17)

Screws in the Th11 vertebral body (point 15). In
the model with short screws and without intermediates
(baseline model), the stress value was 47.5 MPa. The use
of long screws without intermediate fixation resulted in
a slight reduction in stress (to 46.9 MPa), likely due to
improved screw anchorage in the bone. The addition of
intermediate screws (short screws with intermediates)
further reduced the stress in the Th1ll vertebral body
screws to 39.2 MPa, while the combination of long and
intermediate screws achieved the minimum value of
29.3 MPa — 38% lower than in the baseline model.
Therefore, the use of intermediate screws ensures the
most substantial reduction of stress in the screws of
the Thll vertebral body, particularly when combined
with long screws.

Screws in the Th1i2 vertebral body (point
16). Data for this point were analyzed only for models
that included intermediate screws. The stress in the
intermediate screws was the lowest among all screws in
the construct: 12.6 MPa (short screws with intermediate
fixation) and 10.3 MPa (long screws with intermediate
fixation). The low stress values can be explained by
the fact that these screws primarily serve a stabilizing
function for the injured vertebral fragments, bearing a
smaller portion of the overall torque. The length of the
main screws in the adjacent vertebrae had only a minor
effect on the load of the intermediate screws in the Th12
vertebral body, although longer screws demonstrated
slightly better (by about 18%) unloading of these
intermediate structural elements.

Screws in the L1 vertebral body (point 17).
The screws in the lower adjacent vertebra (L1) also
exhibited considerable variation in loading depending
on the fixation configuration. In the baseline model
(short screws without intermediate fixation), the stress
reached a maximum of 50.1 MPa. The use of long screws
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without intermediate fixation reduced the stress to 45.3
MPa (a decrease of approximately 10%). The addition
of intermediate screws further reduced the stress on
the screws in the L1 vertebral body—to 48.6 MPa (short
screws with intermediate fixation) and a minimum of
39.9 MPa (long screws with intermediate fixation), which
is 20% lower than in the baseline configuration. Thus,
as in the case of the Thl1l vertebral screws, the lowest
stress levels were recorded for the combination of long
screws with intermediate fixation.

Baseline values of equivalent stress in the main
structural elements and in the “metal-bone tissue”
contact zones are presented in Table 3.

Stress in the connecting rods (point 18)

The connecting rods (longitudinal bars of the
fixation system) experience the highest stress among all
structural elements, as they effectively bear a significant
portion of the load by bypassing the damaged spinal
segment. The durability of the entire construct depends
on how efficiently the rods are unloaded since exceeding
the fatigue limit may lead to metal fatigue fractures.

Without intermediate fixation (only 4 screws): The
maximum stress (o) in the rods during lateral flexion
reached 324.9 MPa in the model with short screws (M1).
This was the highest recorded stress among all analyzed
configurations, typically concentrated between the
screws where the bending moment is maximal. Using
longer screws (M2) slightly reduced the stress peak
to 315.5 MPa, a decrease of about 2.9% compared to
M1. Thus, in the absence of an intermediate support
point, screw length has only a minor influence on
rod stress.

With intermediate screws into the Th12 vertebral
body, the changes were modest. Adding an intermediate
support in the short-screw model (M3) did not
significantly alter rod stress, yielding a maximum of
324.8 MPa, practically identical to the baseline model M1
(difference <0.1%). The configuration with long screws
and an intermediate support (M4) reduced the maximum
stress to 321.0 MPa, or 1.2% lower than the baseline
(M1). The difference between models M3 and M4 was
minimal (=1.2%), indicating that in this configuration,
the main contribution to rod unloading is provided by the
screw length rather than the presence of an intermediate
support.

Table 3. Equivalent stress (MPa) in the main structural elements and “"metal-bone tissue” contact zones

(screw entry points, screws, rods) for the four models

Structural element Short screws Long screws Short screws with Long screws with
without without intermediates intermediates
intermediates intermediates

Screw entry in Th1l (arch) 7,5 7,3 5,8 6,1

Screw entry in Th12 (arch) - - 3,7 3,5

Screw entry in L1 (arch) 14,9 13,2 13,4 10,7
Screws in Thll 47,5 46,9 39,2 29,3
Screws in Th12 - - 12,6 10,3
Screws in L1 50,1 45,3 48,6 39,9
Connecting rods 324,9 315,5 324,8 321,0
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From the standpoint of construct longevity, the most
reliable configurations were those with long screws—
regardless of intermediate screw presence—since the
maximum rod stresses were lowest (315.5-321.0 MPa).
Given the typical yield strength range for Ti-6Al-4V
titanium alloy implants (760-800 MPa), the observed
stress levels (315.5-324.9 MPa) account for only about
40% of this threshold [27]. This aligns with international
standards (ASTM F136, ISO 5832-3) and literature data
on the mechanical properties of this material, confirming
a substantial safety margin. Even relatively small
differences in absolute stress values can positively affect
long-term structural integrity and fatigue resistance,
enhancing overall reliability during prolonged clinical use.

An alternative rod material is the cobalt-chromium
(CoCr) alloy, characterized by greater stiffness compared
to titanium. Its use may be appropriate when maximum
construct rigidity is required—particularly in cases
of severe anterior column destruction. However, the
higher rigidity of CoCr rods is potentially associated with
increased contact stresses at fixation sites and a risk of
stress concentration within the bone tissue, which may
have clinical implications.

In the context of the present model, Ti-6Al-4V was
selected as a more “compliant” and physiologically
compatible material to simulate a standard surgical
stabilization scenario in the TLJ.

In summary, within the analyzed models, intermediate
screws did not contribute significantly to rod unloading
(stress reduction <1%), unlike their substantial positive
effect on other control points (injured Th12 vertebral
body, endplates, and screw entry zones in Thll and
L1). This indicates that the primary role of intermediate
screws lies in local stabilization of the injured segment
and redistribution of local loads, whereas the global load
on the rods is predominantly influenced by the main
screw length. Therefore, the combined use of long and
intermediate screws provides the most optimal balance
of stress distribution across all structural control points.

Discussion

Effectiveness of intermediate screws in a
fractured vertebra

The addition of intermediate screws into the body of
the fractured vertebra significantly increases the rigidity
and stability of short-segment fixation. Biomechanical
studies have demonstrated that six-screw constructs
(one level above and one level below the fracture, plus
screws inserted into the fractured vertebra) markedly
limit the mobility of the injured segment compared to
the standard four-screw configuration [28]. In particular,
modeling studies have shown a reduction in flexion and
lateral bending angles with the inclusion of “index-level”
screws in short constructs, resulting in approximately a
25% increase in stiffness [29]. In contrast, the difference
for long-segment (two-level above/below fracture)
osteosynthesis was minimal, indicating that the addition
of intermediate screws is most effective in short-segment
systems. Therefore, incorporating the fracture level
into fixation substantially reinforces the construct and
reduces the risk of angular correction loss even under
flexion loads.

The improvement in fixation achieved through
intermediate screws has also been clinically confirmed.
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A prospective study involving 80 patients found that
short-segment fixation including the fractured vertebra
provided better correction and maintenance of kyphotic
deformity, whereas “skipping” the fractured level
resulted in progression of kyphosis (a mean difference of
29% compared to constructs including the injured level)
[14]. The incidence of implant breakage was higher in the
group without screws placed in the fractured vertebral
body. A recent meta-analysis further confirmed that the
addition of screws into the fractured vertebra enhances
biomechanical stability, facilitates better height
restoration, reduces loss of correction, and decreases
the rate of implant failure and fragmentation [30].
Consequently, many authors recommend supplementing
short-segment transpedicular fixation with screws
inserted into the fractured vertebra in cases of unstable
wedge or burst fractures. This approach reduces the
likelihood of recurrent vertebral collapse and hardware
failure [28]. Although intermediate screws significantly
strengthen short constructs, in cases of highly unstable
injuries (AO type C fracture-dislocations), even enhanced
short fixation may still provide inferior rigidity compared
to long-segment constructs [13]. Therefore, for multi-
column fractures with pronounced instability, the use of
longer fixation is advisable, while for most burst fractures
in the TLJ region, short-segment fixation reinforced with
screws at the fracture level remains an effective and
biomechanically justified approach.

Effect of screw length

The length of pedicle screws, particularly the use of
bicortical (long) screws with perforation of the anterior
cortical plate, influences both the fixation strength and
the distribution pattern of mechanical loads. Bicortical
anchorage is traditionally considered stronger due to the
engagement of the opposite vertebral wall. Experimental
studies have demonstrated that the pullout force required
for screw extraction may be ~ 40% higher with bicortical
fixation compared to shorter screws [31]. This effect
is especially relevant in cases of osteoporosis, where
longer screws significantly improve implant retention
within the bone [32]. A “stiffer” anchor, represented by
a long screw, alters the stress distribution within the
construct. Finite element modeling of lateral flexion has
shown that short (monocortical) screws generate lower
peak stresses in the fixation system compared to long
bicortical screws — at all control points, the applied
load was slightly higher when longer screws were used.
Therefore, a longer screw, by more firmly “linking”
the rod to the vertebra, bears a greater share of the
bending moment, which may lead to higher localized
stress around its entry point. In contrast, shorter screws
exhibit a degree of compliance, redistributing part of the
load through the connecting rods. Importantly, although
the difference in stress distribution is not critical, it
does exist and may become significant under extreme
loading conditions.

The use of bicortical screws, however, is associated
with an increased risk of injury to adjacent anatomical
structures (vessels, organs) in the event of perforation
of the anterior cortical wall. Therefore, when selecting
screw length, the surgeon must consider the patient’s
individual anatomy and the necessary balance between
fixation stability and procedural safety [33].
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Changes in stress distribution in rods, screws,
and adjacent vertebrae

The analysis of the stress—-strain state of the construct
under lateral flexion revealed a characteristic pattern of
load distribution among its elements. Maximum stresses
typically occurred in the terminal (especially caudal)
screws, as they bear the greatest portion of the bending
load. For instance, in a short-segment fixation model of
an L1 vertebral fracture, the highest equivalent stress
was concentrated in the lower screws of the construct
[34]. Similar findings were obtained in our study. The
addition of intermediate screws altered the pattern: the
load was partially redistributed from the terminal screws
to the fracture level and the rods. According to modeling
data, the inclusion of screws in the fractured vertebra
reduced stress in other screws of the construct. Thus,
in a six-screw model, lower equivalent stresses were
recorded in the transpedicular screws compared with
a four-screw system [28]. At the same time, the stress
in the rods slightly increased, as the stiffer “coupling”
of the segment required the rod to absorb more of the
bending moment. Hongwei Wang et al. reported that the
stress in the connecting rods with intermediate screws
reached a level similar to that observed in long-segment
fixation, whereas without intermediate screws, the load
on the rod was slightly lower [35]. The reduction of
stress in screws when intermediate screws are used is
a positive factor, since overstressing of these elements
and their surrounding bone often leads to fatigue failure
or implant loosening.

An important aspect is the load distribution in the
body of the injured and adjacent vertebrae depending on
the fixation configuration. If the affected vertebra is not
included in the construct (i.e., screws are inserted only
into the neighboring vertebrae), a portion of the bending
moment is still transmitted through its body despite its
minimal contribution to load transfer. In cases where
intermediate screws are used, the load on the damaged
vertebra is further reduced, resulting in moderate stress
formation [34]. This not only decreases the load on the
injured segment and thereby the likelihood of secondary
deformation but also stimulates bone remodeling in
accordance with Wolff’s law, promoting better fusion
and healing [36].

Regarding adjacent, unaffected segments, studies
have shown that overly rigid constructs can increase
the load on adjacent intervertebral discs. Specifically,
the maximum intradiscal pressure in the upper adjacent
segment is usually higher than in the lower one [37],
which may indicate a potential risk of overloading the
superior neighboring disc. Therefore, shorter fixation
with intermediate screws, which preserves the mobility
of more motion segments, potentially exerts a lesser
impact on adjacent levels compared with excessively long
and rigid constructs. When selecting the optimal fixation
configuration, it is crucial to maintain this balance—
ensuring sufficient rigidity for effective stabilization of
the fracture while avoiding excessive load “shielding,”
which could negatively affect both the implants and the
surrounding anatomical structures.

Risks of structural overload during lateral flexion
Lateral flexion of the spine creates asymmetric
loading on the implanted system: one rod is subjected
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to compression, the opposite one to tension, while the
pedicle screws on the side of inclination experience
significant bending and torsional moments. This loading
mode is critical for the construct, as it concentrates
stress on individual components. If the fixation strength
or configuration is insufficient, lateral flexion may lead
to local overload, resulting in fatigue cracking of the rod
or gradual loosening of screws in the bone. Historically,
short four-screw constructs have often been associated
with implant failures (such as rod fracture, bending,
or screw pullout) under loading, particularly in the
lateral projection. The addition of intermediate screws
significantly reduces the risk of such complications
by redistributing the load: as mentioned above, the
stresses on the most loaded screws decrease, while
the overall stiffness of the construct increases, thereby
limiting excessive displacement and cyclic loading
[28]. Clinical series have demonstrated that the
use of six-screw constructs substantially lowers the
incidence of metalwork failure, although it does not
completely eliminate it. For example, Liao et al. reported
approximately 11% of implant failure cases even when
fracture-level screws were used (3 out of 27 patients)
[38, 39]. In another long-term follow-up study of short
fixation with intermediate screws, the rate of implant
breakage or loosening reached 16.7% [30]. These data
suggest that overload may still occur even in reinforced
systems, particularly if the patient resumes significant
physical activity early or has osteoporotic changes.

Significant loading during lateral flexion occurs on
the rod opposite the direction of inclination, which is
subjected to tensile forces. In this context, the role
of transverse connectors between the rods is crucial.
The addition of at least one cross-link enhances the
spatial rigidity of the construct and synchronizes the
performance of the left and right rods, preventing their
excessive divergent bending. Modeling studies have
shown that the presence of a transverse connector
reduces stress levels in screws and rods under lateral
loading. Specifically, the combination of short screws
with a transverse link demonstrated the lowest
critical stress among tested configurations, making it
biomechanically optimal under lateral flexion [17]. Thus,
to reduce the risk of construct overload, it is advisable
to use intermediate screws and, when possible, equip
the system with transverse connectors. These measures
improve load distribution and increase the mechanical
strength reserve of the implants under lateral loading.
This approach, however, involves a certain trade-off
between biomechanical efficiency and clinical feasibility,
as such procedures are often performed using minimally
invasive techniques. The installation of transverse
connectors requires an open surgical stage, which may
potentially offset the benefits of a minimally invasive
approach. Therefore, when selecting the optimal surgical
strategy, it is essential to balance the required construct
stability with the degree of invasiveness, considering
both clinical conditions and patient needs.

Comparison of short and long fixation

systems: practical insights

Biomechanical and clinical evidence indicates that
a properly configured short-segment transpedicular
fixation can provide effective stabilization of burst
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fractures in the TLJ while preserving more motion
segments. A short construct (four screws) with the
addition of screws into the fractured vertebra achieves
stiffness comparable to a long-segment system
and significantly exceeds that of a standard short
construct without intermediate fixation points [29].
This configuration demonstrates a favorable stress
distribution — minimal critical stress in the screws among
fixation options, acceptable load sharing in the rods,
and inclusion of the fractured vertebral body in bearing
the load, which potentially enhances osteogenesis [34].
Clinically, this results in better preservation of vertebral
height and less progression of deformity without
increasing complication rates [14]. Thus, reinforced
short-segment fixation allows limiting the number of
instrumented levels, which is especially important in
younger patients to maintain spinal mobility and prevent
unnecessary disability of adjacent segments.

Long-segment systems (extending at least two
levels above and below the fracture) provide maximum
stability due to multiple fixation points and wide load
distribution. They remain the method of choice in cases
of extreme fracture instability, significant osteoporotic
bone involvement, or multilevel injuries, where short
fixation—even with intermediate screws—may not ensure
adequate correction retention. However, this stability
comes at the cost of losing motion in additional spinal
segments and potentially increasing stress on uninvolved
adjacent levels.

Comparative analyses of treatment outcomes
reveal that, in the absence of indications for extensive
stabilization, short constructs that include the fractured
vertebra are not inferior to long systems in clinical
results, while offering the advantage of reduced surgical
invasiveness and better preservation of the spine’s
anatomic and functional integrity.

Therefore, according to contemporary approaches
to managing burst fractures in the TLJ, preference
should be given to the most conservative yet sufficiently
stable fixation methods. Short-segment transpedicular
systems with intermediate screws represent a balanced
strategy that ensures adequate stability under lateral
bending and other load conditions, while minimizing
the risks of implant overloading and adjacent-segment
degeneration. This approach is supported by both
biomechanical research (including numerical modeling
and cadaveric testing) and clinical observations with
adequate postoperative follow-up.

For most type A (burst) injuries in the Th10-L2
region, short-segment transpedicular fixation involving
the fractured vertebra provides the necessary stability
with a smaller fixation span. Only in cases of extreme
instability or insufficient bone quality should long-
segment constructs be preferred to protect against
mechanical overload under all conditions.

Conclusions

Based on the analysis of stresses at 18 control
points across four models, the following conclusions
can be drawn:

1. Intermediate fixation of the fractured
vertebra (Th12) plays a decisive role in load
redistribution during lateral flexion. The addition of
two intermediate screws into the Th12 vertebral body
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significantly reduces stresses in the critical elements of
both the fixation construct and the spine itself.

2. Long transpedicular screws (inserted deeper
into the adjacent vertebral bodies) generally improve
the biomechanical performance of the fixation system,
although their effect is less pronounced than that of the
intermediate screws.

3. The combined use of long screws and
intermediate fixation (M4) provides the most optimal
stress distribution. This model demonstrated the lowest
stress values in nearly all control points. Therefore,
M4 can be considered the most balanced option for
short-segment spinal fixation in Th12 vertebral injuries,
as it combines the advantages of both approaches:
intermediate support at the fracture level substantially
unloads the construct, while long screws ensure the
safe realization of this support through uniform stress
distribution.

4. Practical implications. The analysis indicates
that, in the treatment of burst fractures in the TLJ,
preference should be given to short-segment fixation
involving the fractured vertebra (use of intermediate
screws). This approach provides mechanical stability
comparable to traditional long-segment fixation (two
levels above and below the fracture) while requiring
fewer implants. The length of the transpedicular screws
should be maximized within the patient’s anatomical
limits, particularly when using intermediate screws,
to prevent local overstressing. Both factors contribute
to reducing loads on implants and bone structures,
potentially improving clinical outcomes—such as a lower
risk of implant failure, better conditions for fracture
healing, and preservation of spinal segment mobility.
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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

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 31, N4, 2025

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
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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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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
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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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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
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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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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 Left _ —
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
“potentially useful for the diagnosis of CTS.” In our
study, the classic and modified Phalen tests significantly
exceeded the 50% threshold for both sensitivity and
specificity. Therefore, based on the data we have
presented, we can confidently conclude that both the
classic and modified Phalen tests can be successfully
and legitimately used to diagnose CTS.

Conclusion

The sensitivity of the classic Phalen test (93%) was
slightly lower than that of the modified version (96%),
while its specificity (96%) was higher than that of the
modified test (93%). Due to their high specificity and
sensitivity, both tests have significant diagnostic value
and can be successfully used in clinical practice for
diagnosing CTS.
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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.
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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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