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Instability from traumatic spinal injuries is a major indication for urgent
stabilizing surgery to prevent adverse consequences of pathological mobility
in the injured spinal segment. However, the staged evacuation of injured
individuals from active combat zones and the need for urgent life-saving
interventions often delay stabilization, leading to an increase in cases of
delayed stabilization for unstable spinal injuries. Clinical analysis of such cases
has revealed specific features that are underrepresented in the literature. One
of these is post-traumatic aseptic necrosis in unstable injuries, which differs in
several respects from Kummel disease and requires detailed characterization.

Objective: To characterize and conduct a preliminary analysis of clinical
cases of post-traumatic aseptic necrosis of the vertebral body in unstable
thoracolumbar spinal injuries.

Materials and Methods: A retrospective analysis was conducted on a
patient database of those receiving inpatient treatment at the Romodanov
Neurosurgery Institute of National Academy of Medical Sciences of Ukraine,
between 2021 and 2024, as well as patients consulted in Kyiv healthcare
institutions, either in person or via telemedicine. The primary inclusion
criterion was a verified unstable traumatic injury of the thoracolumbar spine,
where surgical stabilization was not performed within two weeks post-injury.

Results: Nineteen cases of delayed stabilization for unstable thoracolumbar
injuries were identified through medical documentation and imaging
data. Six (31.6%) of these cases exhibited signs of aseptic post-traumatic
vertebral necrosis. Clinical examples of patients with and without developed
spondylonecrosis are presented. The groups were compared based on
demographic and trauma-specific characteristics; however, statistically
significant predictors for spondylonecrosis development were not identified.
Additionally, the presence of chronic septic processes was not found to
contribute to this phenomenon. Follow-up data indicated that delayed
stabilization contributed to halting bone tissue lysis. Relevant literature on
spondylonecrosis and a cascade of pathological processes potentially leading
to this condition are discussed.

Conclusions: This publication is among the first to describe post-traumatic
aseptic vertebral body necrosis in unstable thoracolumbar spinal injuries.
The data and proposed pathogenic mechanisms emphasize the importance of
early stabilization for unstable injuries from both neurological and orthopedic
perspectives.

Keywords: thoracolumbar spine; traumatic injury; instability; aseptic
vertebral body necrosis; delayed stabilization

Introduction

loads, to maintain intervertebral relationships that

The stability of traumatic spinal injury is one of
the fundamental criteria determining not only the
general strategy and individualized tactics of patient
management but also, in some cases, the prognosis
for the restoration of functional activity. According to
the classic concept proposed by M. Panjabi et al., spinal
stability refers to the spine's ability, under physiological

prevent both initial injury and subsequent irritation of the
spinal cord or nerve roots, as well as the development
of deformity or pain [1].

Spinal stability relies on the interaction of three
systems: the passive system (comprising bony
structures, intervertebral discs, and ligamentous
apparatus, which mechanically limit mobility), the

Copyright © 2025 Oleksii S. Nekhlopochyn, Vadim V. Verbov, Ievgen V. Cheshuk, Milan V. Vorodi

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

http://theunj.org



24

active system (the muscular corset, which provides
dynamic stabilization), and the control system (the
nervous system, which regulates and coordinates
activity to maintain stability). Disruption of one (as in
neurologically uncomplicated trauma) or several (in
cases with neurological impairments) of these systems
leads to functional spinal instability [2].

The zones of functional activity within the spinal
motion segment (SMS) are an objective criterion in
classical spinal biomechanics that define a specific
injury. The neutral zone is characterized by the range of
motion where the SMS experiences minimal resistance
from passive structures, with minimal load on stabilizing
elements. The elastic zone lies beyond the neutral zone,
where resistance from passive structures increases, and
the SMS begins to encounter significant resistance to
limit overmobility. The overload zone is defined by the
failure of compensatory mechanisms, leading to primary
(describing the immediate trauma mechanism) or
secondary (describing an already injured SMS) damage
to both osteo-ligamentous and neural structures [3, 4].

This brief description of the mechanics of an injured
SMS indicates that the concept of stability or instability
is, to some extent, relative. Most often, an injured SMS,
in the absence of mechanical load, remains in a state
of relative stability. The transition from an expanded
neutral zone through a shortened elastic zone to the
overload zone depends on the intensity of the applied
force [5]. In some cases, the mechanical integrity of
the injured SMS is sufficient to maintain an upright
posture but inadequate to perform everyday functional
activities [6, 7].

The term "conditionally unstable injuries," previously
widely used to describe such conditions, has been
removed from clinical practice, complicating the
description of functional impairments in these patients
[2].

Spinal instability is a primary indication for
stabilization surgery, aimed at mitigating the adverse
effects of instability. These include preventing the
onset or progression of neurological deficits, creating
optimal conditions for resolving neurological dysfunction
when present due to trauma, halting the progression
of deformities through structural support provided
by implants, facilitating consolidation, reducing pain
intensity, and consequently improving the quality of life
for patients while enabling more effective rehabilitation
[8]. Evidently, the timing of surgical correction for
unstable spinal injuries is largely determined by the
risk of neurological deterioration, and to a lesser
extent, orthopedic complications [9]. Notably, 15%
of neurological deficits in spinal trauma cases do not
manifest immediately but develop later, likely due
to instability [10]. The progression of the deformity
increases the extent of intraoperative correction
required, which in turn complicates and prolongs the
surgical procedure.

The escalation of the Russian Federation's aggression
against Ukraine into active hostilities in 2022 led to a
significant rise in injuries among both military personnel
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and civilians. This increase included a notable rise in
spinal trauma cases, predominantly closed injuries,
reflecting the nature of combat operations. A similar
trend was observed in other conflicts, such as in Iraq
and Afghanistan, where the primary causes of injuries
were blast waves and mechanical forces [11, 12].

Modern protective gear, such as body armor and
helmets, significantly reduces the risk of penetrating
wounds but does not fully protect against closed injuries
caused by blast waves, severe mechanical impacts,
or falls [13]. The use of high-powered ammunition in
contemporary armed conflicts generates shock waves
that can cause severe spinal injuries upon impact.
Additionally, these blast waves are often accompanied
by extensive structural collapse, resulting in secondary
injuries from falling debris [14].

The significant strain on the healthcare system,
the staged process of medical evacuation, and the
large number of polytrauma patients have led to an
increase in delayed stabilization of unstable spinal
injuries. This approach primarily applies to neurologically
intact patients, where dynamic observation minimizes
the risk of dysfunction, or to patients presenting
with complete spinal cord injury. Such a strategy is a
necessity under wartime conditions and is not typically
employed in peacetime. The analysis of clinical cases
involving delayed stabilization of unstable spinal injuries
has revealed aspects that are underrepresented in
the literature. One of these is post-traumatic aseptic
necrosis of an unstable injury, which is the focus of this
article. The only previously documented form of post-
traumatic aseptic necrosis of the vertebral body (ANVB)
is Kummell’s disease, described by the German surgeon
in 1891 [15]. However, the cases we have documented
demonstrate fundamental (in totality of features)
differences from Kummell’s disease requiring a detailed
description and analysis.

Objective: To characterize and conduct a preliminary
analysis of clinical cases of aseptic post-traumatic
vertebral body necrosis in unstable thoracolumbar
spinal injuries.

Materials and Methods:

Study Design: retrospective observational study.

A retrospective analysis was conducted on a
patient database from the Romodanov Institute of
Neurosurgery, National Academy of Medical Sciences
of Ukraine, covering the period from 2021 to 2024.
This included patients who received inpatient care or
were consulted either in person or via telemedicine at
healthcare institutions in Kyiv, to identify cases of the
specified pathology.

Inclusion Criteria:

- Presence of a verified unstable traumatic injury
of the thoracolumbar spine, with no surgical correction
performed within 2 weeks post-injury.

- Availability of high-quality computed tomography
(CT) scans taken within the first 3 days post-injury and
follow-up scans obtained 2 weeks or later.
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Exclusion Criteria:

- Presence of penetrating spinal injuries and/or
bullet or shrapnel injuries in the paravertebral region,
regardless of fracture zone.

- Clinical and/or laboratory signs of septic spondylitis/
spondylodiscitis.

- History of spinal trauma of any severity and/or
prior spinal surgeries.

The analyzed variables included gender, age, and the
mechanism of injury. Neurological deficits were assessed
using the American Spinal Injury Association (ASIA)
criteria [16]. The injury pattern was evaluated using
the AOSpine Thoracolumbar Spine Injury Classification
System (TLSICS) [17], while injury severity was graded
according to the Thoracolumbar Injury Classification and
Severity Score (TLICS) [18]. Imaging data, including
spondylography, magnetic resonance imaging (MRI), and

Table 1. Brief Characteristics of Patients
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spiral computed tomography (CT), were analyzed using
the RadiAnt DICOM Viewer software (Medixant, Poland,
Version 2023.1, License No. 1860F047).

Statistical Analysis

Data processing was performed using R (version
4.0.5, R Foundation for Statistical Computing) in the
RStudio development environment (version 1.4.1106).

Results

The available medical records were analyzed, as well
as the results of examinations of the affected individuals
provided for remote consultation. Nineteen clinical cases
meeting the inclusion criteria were identified (Table 1).
Post-traumatic ANVB phenomena were verified in 6
(31.58%) of the affected individuals. Several clinical

cases are presented as examples.

Parameter Value
Sex:
male 12 (63,16%)
female 7 (36,84%)
Age, years:
median (95% confidence interval) 40 (24-48)
range 18-61

Injury circumstances:

road traffic accident

5 (26,32%)

fall from height

8 (42,11%)

fall on a flat surface

6 (31,58%)

Injury level:

thoracic

5 (26,32%)

thoracolumbar junction

9 (47,37%)

lumbar

5 (26,32%)

Type of injury (AOSpine):

B2 9 (47,37%)
B3 1 (5,26%)
C 9 (47,37%)
Neurological deficit (ASIA):
A 12 (63,16%)
B 3 (15,79%)
E 4 (21,05%)
TLICS, points
5 3 (15,79%)
6 2 (10,53%)
7 3 (15,79%)
8 9 (47,37%)
9 3 (15,79%)
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Clinical case No.1

Patient N., a 50-year-old military serviceman,
sustained injuries as a result of a road traffic accident
(RTA) while driving. During initial hospitalisation at a
military hospital, CT scans of the cervical, thoracic,
and lumbar spine were performed. Diagnosed injuries
included an incomplete burst fracture of the vertebral
body and a comminuted fracture of the vertebral arch at
Th3 (type B2), a compression fracture of Th4 (type Al),
and a fracture of the spinous process of Th2 (Fig. 1A).
The neurological status of the patient corresponded to
ASIA E. Given the preserved neurological functions and
certain technical challenges associated with performing
stabilisation surgery, the patient was evacuated in
stages and subsequently admitted to the Romodanov
Institute of Neurosurgery, NAMS of Ukraine. CT scans
conducted at each hospital allowed monitoring of the
dynamic changes in the bony structures at the injury
site. Two weeks post-injury (Fig. 1B), initial signs of
lysis in the anterior sections of the Th3 vertebral
body and erosion of the Th4 vertebral endplate
were observed.

After one month (Fig. 1C), the anterior half of
the Th3 vertebral body was fragmented into separate
bone pieces, and pathological changes extended to the
posterior part of the body. Negative changes were also
noted in the Th4 vertebral body, though these were
less pronounced.An analysis of the provided medical
documentation revealed that C-reactive protein (CRP)
levels post-injury did not exceed 4.8 mg/L, and peripheral
blood leukocytes remained at 7.6 x 1012/L, ruling out a
septic nature for the observed changes [19-21].

Clinical case No.2

Patient T., a 41-year-old military serviceman,
sustained injuries due to a fall on a flat surface
caused by a blast wave, accompanied by a brief loss
of consciousness. During the initial examination at the
hospital, lower paraplegia and anesthesia of all types of
sensation below the Th12-L1 level were detected. On the
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day of hospitalisation, a brain CT scan was performed,
resulting in resection craniotomy and removal of an acute
subdural hematoma in the left parietal region.

On the second day post-injury, CT scans of the
cervical, thoracic, and lumbar spine were conducted.
Diagnosed injuries included a compression fracture of the
L1 vertebral body, fractures of the superior facet joints of
L1, and the inferior facet joints of Th12, with the fracture
line extending to the spinous process of Th12. Significant
compression of spinal canal structures was identified
due to anterolisthesis of the Th12 vertebral body, with
an 11 mm forward displacement, corresponding to type
Cinjuries (Fig. 2A).

On the seventh day of hospitalization, decompressive-
stabilization surgery was planned but was not performed
due to acute cardiac dysfunction during anesthetic
management. The patient remained in the intensive
care and resuscitation unit and later in the trauma
department. After 1.5 months post-injury, the patient
demonstrated recovery of proprioceptive elements in
the lower limbs.

At the request of the patient's relatives, he was
transferred to the Romodanov Institute of Neurosurgery,
NAMS of Ukraine, for surgical intervention. During
preparation for the transfer, a follow-up CT scan of the
thoracolumbar spine was performed at the hospital,
revealing significant lysis of the anterior two-thirds of
the L1 vertebral body (Fig. 2B). Upon admission to
the Romodanov Institute of Neurosurgery (2 months
post-injury), a CT scan revealed almost complete lysis
of the L1 vertebral body: the anterior sections were
not visualized, and the posterior sections consisted
of isolated bone fragments. Additionally, the process
extended to the endplates of the adjacent vertebrae,
Thil and L2. At the time of admission, the leukocyte
count was 8.8 x 109/L, and the C-reactive protein
(CRP) level was 3.1 mg/L. Bacteriological analysis of
intraoperatively obtained samples (three specimens
from the lysis zone of the L1 vertebral body) showed no
microbial growth.

Fig. 1. Patient N., 50 years old. CT scans of the thoracic spine: A - on the day of the injury; B - after 2 weeks;

C - after 1 month (details in the text)
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Fig. 2. Patient T., 41 years old. CT scans of the lumbar spine: A - the day after the injury; B — after 1.5 months;

C - after 2 months post-injury (details in the text)

An analysis of the available clinical material did
not support radiologically established instability as
the primary predictor of aseptic spondylolysis. As an
example, we present two cases where this pathology
was not observed despite significant bone-destructive
changes.

Clinical case No.3

Patient P., a 37-year-old woman, was injured in a
road traffic accident as a passenger. Upon hospitalisation
at a central district hospital, CT scans were performed,
revealing a fracture of the Th7 vertebral body with
significant destruction and fragment displacement
into the spinal canal, as well as fractures of the arches
and spinous processes of Th6 and Th7 vertebrae
(Fig. 3A). Additionally, multiple rib fractures and
hemopneumothorax were diagnosed. The neurological
status was classified as ASIA A.

The patient remained in the intensive care unit for
3 weeks, followed by 2 weeks in the trauma department
after stabilization of vital functions. She was then
transferred to the Romodanov Institute of Neurosurgery,
NAMS of Ukraine, for surgical treatment. At the time of
transfer, the level of neurological deficit remained ASIA
A. A CT scan performed during hospitalisation revealed
progression of the deformity (Fig. 3B). The patient also
presented with a sacral pressure ulcer measuring up to
10 cm (grade 2, proliferative stage). The leukocytosis
count at the time of admission was 10.8 x 109/L.

Clinical Case No. 4

Patient V., a 58-year-old woman, was injured in a
road traffic accident as a pedestrian. She was hospitalised
in the local trauma department and diagnosed with
fractures of both femurs and the right tibia. Neurological

status at admission corresponded to ASIA E. Skeletal
traction was applied. Due to complaints of back pain on
the day following the injury, a CT scan of the thoracic
spine was performed, revealing a distraction fracture in
the Th7-Th8 segment against the background of localized
thoracic ossification of the anterior longitudinal ligament
(Fig. 3C). Given the minor displacement, preserved
neurological functions, and the anticipated prolonged
immobilisation period, stabilisation of the injury was
not performed. The patient remained in the trauma
department for 2 months and reported gradual reduction
in back and lower limb pain. However, a scheduled
neurological examination confirmed lower paraplegia and
anesthesia at the Th8 level. She was transferred to the
Romodanov Institute of Neurosurgery, NAMS of Ukraine,
for surgical treatment. At the time of hospitalisation,
CT scans showed no significant negative radiological
changes compared to previous findings. Neurological
status corresponded to ASIA A. Examination revealed a
large sacral pressure ulcer exceeding 20 cm in diameter
(grade 4 with necrotic areas). Peripheral blood leukocyte
count at admission was 16.3 x 109/L.

These clinical cases clearly demonstrate that the
presence of chronic septic processes in patients is not a
predictive factor for the development of post-traumatic
ANVB. Furthermore, a retrospective analysis of medical
records did not identify potential predictors for this
pathological condition. Table 2 provides a comparative
characterization of the group of patients with post-
traumatic ANVB and the comparison group in which such
changes were not observed despite unstable injuries.

It is noteworthy that stabilization surgery in all
patients with post-traumatic necrosis associated with
unstable spinal injuries completely prevented further
progression of destructive processes. None of the
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Fig. 3. Patient P., 37 years old. CT scans of the thoracic spine: A - on the day of the injury;
B - after 5 weeks. Patient V., 58 years old: C - 2 days post-injury; D - after 2 months (details in the text)

Table 2. Comparison of key clinical parameters between the group of patients with aseptic post-traumatic
vertebral body necrosis and the comparison group

Indicator Group with Spondylolysis Comparison Group P
Sex:
men 66,67% 61,54% 0,992
women 33,33% 38,46%
Age, years:
median (95 % confidence interval) 43,5 (25,25-58,08 40 (26,9-45,78) 0,5%
Injury Level:
thoracic 33,33% 23,08% 0,38
Thoracolumbar junction 38,46% !
lumbar 0% 38,46%
AOSpine injury type:
B2 50% 46,15%
B3 0% 7,69% 0,99
C 50% 46,15%
TLICS, score
median (95 % confidence interval) 8 (6,05-8,95) 8(6,38-7,93) 0,7*
Neurological deficit (ASIA):
A 50,0% 69,23%
B 33,33% 7,69% 04"
E 16,67% 23,08%
Presence of neurotrophic changes 16,67% 61,54 0,12
Peripheral blood leukocytes, 10°/L
mean (95% confidence interval) 8,47 (5,79-11,14) 13,04 (10,3-15,78) 0,01
C-Reactive Protein (CRP), mg/L
mean (95% confidence interval) 2,45 (0,96-3,94) - B

Note: A - Fisher's exact test; * — Fisher-Pitman permutation test for two samples; T - Welch’s t-test.
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presented clinical cases involved the use of osteotropic
antibacterial therapy, underscoring the aseptic nature of
the condition. For example, consider the follow-up data of
patient T. (Case No. 2). Amid total lysis of the L1 vertebral
body, rapid destruction of the endplates of the adjacent
vertebrae was observed (see Figures 2B, 2C). However,
following decompressive-stabilization surgery—including
removal of L1 vertebral body fragments, placement of
a body-replacement implant via a posterior approach,
and subsequent transpedicular stabilization of the Th11-
Th12-L2-L3 vertebrae—the process was fully arrested
(Fig. 4A). Follow-up studies conducted 2 and 6 months
after surgery demonstrated stable fixation and no signs
of progressive osteolysis (Figures 4B, 4C).

Discussion

Aseptic necrosis of vertebral bodies remains a
subject of active study. The literature contains conflicting
data regarding its pathogenesis and actual prevalence.
As noted above, in most cases, references to aseptic
necrosis of the vertebral bodies (ANVB) pertain to
Kummell’s disease. However, the diagnostic criteria for
this rare pathological condition have been significantly
expanded, often unjustifiably, leading to a blurred clinical
picture and complicating the understanding of its course
and the development of optimal treatment methods [22].
According to some authors, the prevalence of Kummell’s
disease is approximately 37% among all osteoporotic
fractures in the elderly population, which suggests
overdiagnosis [23].

Traditionally, Kummell's disease is interpreted as a
post-traumatic vertebral fracture that is asymptomatic
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and radiologically undetectable at initial stages but
eventually leads to vertebral body collapse [24].

In 1951, H. Steel provided a detailed description
of the stages of Kummell’s disease progression [25].
First stage: Initial trauma, which can vary in severity
and mechanism, while the radiologically examined
vertebra remains intact. Second stage: Post-traumatic
phase, where patients may experience mild back pain
without significant functional limitations. Third (latent)
stage: May last from several weeks to months, often
asymptomatic. Fourth stage (recurrence phase):
Persistent and progressive back pain localized at the
site of the forming compression fracture. Terminal
stage: Gradual development of kyphotic deformity with
potential spinal cord compression.

The presented data highlight the fundamental
differences between the pathology discussed in this
publication and Kummell’s disease. Given the similarity
of pathological processes, specifically ANVB, and the
lack of literature describing the pathological condition
we observed, we explore the currently known potential
mechanisms of aseptic spondylonecrosis pathogenesis.

There are numerous hypotheses explaining the
development of aseptic necrosis of vertebral bodies
(ANVB): avascular osteonecrosis [26-28], impaired
consolidation due to atrophy [29], microfractures [24],
tissue nourishment disorders [25], pseudoarthrosis
[26], and stress fractures [30]. Identified risk factors
include prolonged glucocorticoid therapy, venous
stasis, diabetes, alcoholism, pancreatitis, radiation
therapy, oncopathology, and chronic infections [31, 32].
Despite extensive studies of post-traumatic ANVB

Fig. 4. Patient T., 41 years old. CT scan of the lumbar spine: A - 3 days after surgery; B — 2 months later;

C - 6 months later (details provided in the text)
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in general, and Kummell’s disease in particular,
the cascade of pathological processes leading to
vertebral body lysis remains unknown. Ischemia of
the vertebral body is considered the most probable
cause of ANVB development. Some authors suggest
that avascular osteonecrosis of the vertebral body
and Kummell’s disease are synonymous. According
to current theories, ischemia may result from blood
vessel rupture due to trauma, intravascular occlusion,
or extravascular compression caused by increased
interstitial pressure [33].

The nature of the initial traumatic injury to
vertebral body blood vessels is closely related
to the specifics of its blood supply. A review of the
literature reveals limited research on blood flow in bony
structures, as the most detailed publications on this
topic date back to the 1960s-1980s. More recent studies
predominantly focus on spinal cord blood supply, which
understandably holds greater practical significance.
Moreover, the lack of a clear nomenclature for small-
caliber arteries further complicates comprehension
[34]. Below is a fundamental description of the blood
supply scheme necessary for understanding the theory
of avascular spondylonecrosis.

It is known that the primary source of blood supply
to the vertebral bodies of the mid-to-lower thoracic
and lumbar regions is the segmental arteries, which
include posterior intercostal arteries (aa. intercostales
posteriores) and lumbar arteries (aa. lumbales),
originating from the thoracic and abdominal sections of
the aorta, respectively. In the thoracic region, the right
segmental arteries are longer than the left due to the
aorta's position along the anterolateral left surface of
the spine at the arch, transitioning to a nearly central
location in the abdominal section. As the segmental
arteries curve around the vertebral body, they give
rise to small branches—anterior and lateral vertebral
branches—that perforate the cortical layer and contribute
to forming the vertebral body vascular plexus. There are
no reports suggesting direct blood supply to vertebral
bodies from the aorta. On the lateral surface of the
vertebral body, anastomoses link homonymous vessels
located cranially and caudally, which also give rise to
lateral vertebral branches. At both thoracic and lumbar
levels, the segmental arteries give off a large dorsal
branch (r. dorsalis = a. dorsospinalis) critical for the
vascularization of bony and neural structures. The dorsal
branch divides into r. retrovertebralis, r. spinalis, and r.
muscularis. The retrovertebral branch, passing through
the intervertebral foramen, encircles the vertebral body
on its posterior surface, often forming anastomoses
with the contralateral branch. Small vessels branching
from it penetrate the cortical layer and participate
in forming the vascular plexus of the vertebral body.
Some authors consider the retrovertebral branch the
primary source of vertebral body blood supply [35].
R. spinalis also courses dorsomedially, dividing into
anterior and posterior radiculomedullary arteries (aa.
radiculomedullaris ant. et post.), which supply the spinal
canal's neural structures. R. muscularis, extending
dorsally, supplies structures of the posterior supporting
complex and the deep muscles of the back. Some
authors distinguish medial, intermediate, and lateral
branches of the r. muscularis [36].

http://theunj.org
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Within the vertebral body, the vascular plexus—
centered at the anatomical core of the vertebral body—is
formed by arteries penetrating the cortical layer from
the sources described earlier. Radiating outward in
all directions, the vessels of the plexus anastomose
with branches of penetrating arteries, creating both
centrifugal and centripetal blood flow. The densest
arterial network is visualized in the posterolateral
regions of the vertebral body and its center [35, 37].
These features result in the formation of a watershed
zone—a region of reduced blood supply located in the
anterior third of the vertebral body. On sagittal sections,
this watershed zone has a wedge shape directed from
the center to the anterior surface of the vertebral body
and is characterized by exclusively centrifugal blood
flow, as penetrating arteries are virtually absent on the
anterior surface [38]. Expectedly, this phenomenon
becomes more pronounced the closer the aorta is to the
central line—at the level of the arch, the thoracolumbar
transition, and the lumbar region down to the bifurcation
into the common iliac arteries.

The presented data demonstrate that, overall,
the blood supply to the vertebral body has significant
compensatory potential due to numerous anastomoses.
Clinical observations indicate that even substantial
damage and fragmentation of vertebral bodies rarely
result in pronounced ischemia. However, the specifics
of blood flow and vascularization in traumatically
injured vertebrae have not been thoroughly studied.
Consequently, blood flow disturbances resulting from
traumatic injury or compression of adjacent vessels,
either in isolation or combined with other factors, are
considered potential causes of ANVB.

Blood flow disruption within the vertebral body
may also occur due to intravascular occlusion. Cases
of non-traumatic ANVB have been described in the
literature in association with vaso-occlusive sickle cell
crisis or decompression sickness [38,39]. It has been
noted that pancreatitis is also a risk factor for ANVB
development, as elevated levels of lipolytic enzymes
in the blood lead to the breakdown of intramedullary
fat structures and vascular obstruction by fat droplets.
Additionally, instances of pancreatic enzyme release
into the abdominal cavity following cyst rupture,
leading to subsequent ANVB development, have been
documented [40-42]. Arterial anomalies, dyslipidemia,
leukemia, and lymphoma have also been linked to the
development of spondylonecrosis [43, 44]. Regarding
post-traumatic osteonecrosis, intravascular occlusion is
likely a heightened risk factor for the group of patients
under consideration [33].

Some authors consider extravascular obliteration
caused by increased interstitial pressure as one of
the links in the pathogenesis of ANVB [45]. Chronic
glucocorticoid therapy and alcohol consumption, which
lead to fat embolism, lipid deposition, and adipocyte
hypertrophy, are also significant risk factors as noted
in the literature [46-48]. Regarding the pathology we
analyzed, it can be hypothesized that extravascular
obliteration may contribute to the progression of
spondylonecrosis. Specifically, primary traumatic
damage to the vertebral body and the resulting disruption
of blood flow due to vascular injury in the spongy
bone leads to the formation of an ischemic zone. The
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situation is exacerbated by instability at the injury site,
which causes increased fragment mobility and hinders
neoangiogenesis. Bone tissue lysis is accompanied by
the release of a significant amount of low-molecular-
weight compounds into the interstitial space, negatively
affecting the patency of intact vessels and leading to the
gradual spread of pathological changes to unaffected
areas of the body. Overall, the avascular theory of post-
traumatic ANVB development aligns well with the clinical
picture. In all documented cases, the lysis process began
in the anterior parts of the vertebral body and gradually
extended to the central and posterior regions. However,
regarding Kummell's disease, the avascular mechanism
is questioned by several researchers. The pathological
cascade described struggles to explain the development
of avascular osteonecrosis in patients 2-3 months after
trauma, with no clinical manifestations or radiological
changes at the onset [15, 49].

When considering the phenomenon of ANVB, it
is important to mention the "vacuum effect," which
has been increasingly recognized as a practically
pathognomonic symptom of Kummell's disease in
recent decades. Gas formation is attributed to tissue
breakdown and the release of gas as a result of necrotic
processes. The decomposition of proteins, lipids, and
other components of necrotic tissues releases gases
such as nitrogen, oxygen, and carbon dioxide, which then
accumulate in the vertebra or disc region. T. Armingeat
et al. analyzed the composition of the gas responsible
for the vacuum effect and found that 90-92% of it is
nitrogen [50]. On the other hand, some authors note
that tissue necrosis leads to changes in intravertebral
pressure, causing gas diffusion from the blood into bone
structures [46]. However, this excludes the possible
influence of increased interstitial pressure on the
development of ANVB.

An analysis of the literature on the vacuum effect
revealed that its occurrence is inversely proportional to
the bone density of the affected vertebra [32]. Since in
the last decade there has been a tendency to consider
osteoporotic fractures as Kummell's disease, the
presence of gas in the vertebral body or intervertebral
disc has been given excessive diagnostic significance.
It is known that the presence of gas in a compression
fracture can be a radiological finding and does not
necessarily indicate progressive bone tissue destruction
[51, 52]. The vacuum phenomenon is often observed
in degenerative spinal diseases [53-56]. In our group
of patients with documented ANVB phenomena, the
vacuum phenomenon was not observed in any case.

As noted above, the role of injury instability in
the development of ANVB has not been adequately
studied. However, concerning traumatic injuries in
other parts of the skeleton, this issue has been much
better addressed. Several publications demonstrate
a clear relationship between instability, the timing
of its resolution, and the frequency of osteonecrosis
[57-59], which to some extent supports the validity of
our assumptions. The data we have presented on the
possible pathophysiological mechanisms underlying
this phenomenon allow differentiation from Kummell's
disease and highlight areas for further research and
prevention of this significant complication.
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A notable limitation of this study is its retrospective
nature and the small nhumber of patients, which
prevented us from identifying precise predictors of
ANVB development in cases of unstable vertebral
injury. Furthermore, the interpretation and subsequent
formation of a comparison group are complicated by
the definition of instability. While often effective in the
context of overall functional activity, this definition
does not fully characterize the biomechanical state of
the damaged spinal motion segment (SMS). This can be
illustrated by the example of the cervical spine, where
a complete locked dislocation is, by definition, unstable
but simultaneously rigidly fixed in terms of the range
of motion in the damaged SMS. A similar situation is
sometimes observed in the thoracolumbar spine and is
well known to practicing surgeons: despite a significant
degree of injury, fragmented structures of the posterior
supporting complex, due to fragment interlocking,
may hinder further displacement and even completely
immobilize the segment. This factor should also be
considered in future research.

Conclusions

This article is one of the first dedicated to describing
the practically unexplored phenomenon of post-
traumatic ANVB in unstable injuries of the thoracolumbar
spine. The presented data, along with the consideration
of possible pathogenetic mechanisms, clearly highlight
the importance of early stabilization of unstable injuries
not only from a neurological perspective but also from
an orthopedic standpoint. This information may be
valuable for practicing neurosurgeons or orthopedic
trauma specialists, especially given the high incidence
of traumatic injuries in the population.
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