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Abstract Vertebral myelopathy (VM) with pelvic organ dysfunction (POD) represents a critical challenge in neurology.
In Uzbekistan, the prevalence of chronic myelopathy reaches 25-35 cases per 100,000 population, with an annual increase of
1.5-2.5%. POD occurs in 70-85% of patients, sharply reducing quality of life. The primary complexity lies in managing
patients with comorbid pathology, where trauma or degeneration (often with metallic constructs) leads to stenosis, triggering
a "post-traumatic cascade": biomechanical instability provokes inflammation, which induces bone remodeling, ultimately
resulting in recurrent spinal cord compression. In 82% of patients with a history of trauma, this cascade exacerbates stenosis
and POD. Existing classifications fail to reflect progression dynamics, hindering personalized management strategies. To
develop and validate a dynamic model of VM progression for optimizing patient stratification and a multidisciplinary
management algorithm. Retrospective analysis of 250 medical records of patients with VM and POD (68% male, mean age
38.6+12.4 years, 2019-2023). Inclusion criteria: verified myelopathy (MRI/CT), POD (urodynamics), age>15 years.
Exclusion criteria: acute trauma (<6 months), oncopathology. Methods used: neurological status (ASIA scale), urodynamics,
MRI (1.5 T), CT-myelography (for metallic constructs). Statistics: IBM SPSS 26.0 (p<0.05). Three stages of VM were
identified: I — initial, Il — cascade (degeneration activation in 82%), Il — terminal (stenosis>70%, severe POD). Key
progression triggers: C5-C7 level (OR=4.1), urinary retention (OR=5.6), age >50 years (OR=3.2). A stratification algorithm
was developed. Its implementation reduced disability risk by 40%. The dynamic model enables prediction of VM evolution
and personalization of therapy. A multidisciplinary approach (neurologist, vertebrologist, urologist, rehabilitation specialist)
is critical for improving outcomes.

Keywords Vertebral myelopathy, Dynamic progression model, Post-traumatic cascade, Risk stratification, Pelvic organ
dysfunction, Multidisciplinary algorithm, Spinal canal stenosis, Metallic constructs

1. Introduction retain severe POD requiring lifelong correction [8,39].

Vertebral myelopathy (VM) is a progressive disease The key challenge in modern practice lies in managing

caused by chronic spinal cord compression due to spinal
pathology. In Uzbekistan, as in Central Asia, this issue
is of paramount importance: the prevalence of chronic
myelopathy reaches 25-35 cases per 100,000 population
with an annual increase of 1.5-2.5% [32]. A particular
complicating factor is pelvic organ dysfunction (POD),
which occurs in 70-85% of patients [27,29] and leads to
severe disability, infectious complications (pyelonephritis,
urosepsis), and a sharp decline in quality of life. Despite
advances in surgery and rehabilitation, up to 40% of patients
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patients with comorbid pathology. In 78% of our patients
with spinal trauma history, metallic constructs are present,
predominantly localized at the C5-C7 levels (65% of cervical
spine cases). Spinal canal stenosis was detected in 92%
of examined patients. In 82% of patients with a history
of trauma, a "post-traumatic cascade" develops, where
biomechanical instability triggers activation of inflammatory
reactions with the production of IL-6 and TNF-a [7,13,26].
This leads to bone remodeling, manifested by osteophyte
formation and ligament hypertrophy, which exacerbates
stenosis and causes recurrent spinal cord compression.
This cascade drives the progression of both motor deficits
and POD. Existing static classifications (e.g., by stenosis
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severity or lesion level) fail to reflect the dynamics of this
process, complicating the selection of optimal management
strategies and outcome prediction. The absence of an
integrative model combining pathogenesis, clinical evolution,
and risk factors determines the high relevance of this study.

The aim of this study was to develop and validate a
dynamic model of vertebral myelopathy (VM) progression
by integrating pathogenetic mechanisms, clinical-instrumental
data, and risk factors to optimize patient stratification and a
multidisciplinary management algorithm.

2. Material and Research Methodology

Study Design and Cohort. A retrospective cohort study
analyzed 250 medical records of patients with vertebral
myelopathy and pelvic organ dysfunction (POD) (162 males,
88 females; ratio 1.84:1) treated at the Republican Center
for Rehabilitation of Disabled Persons of Uzbekistan from
2019 to 2023. The mean patient age was 38.6412.4 years
(range 15-65 years).
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Figure 1. Patient demographics by age group

Age Structure of Patients (Fig. 1). 15-18 years: 15 patients
(6.0%). Predominantly post-traumatic myelopathies (80%),
mainly compression fractures of the thoracic spine (Th1l-
Th12) following falls from height or road traffic accidents
(RTAS) [24,30,32]. 19-35 years: 85 patients (34.0%). Peak
of post-traumatic complications (72% in this group). Primary
causes: RTAs (45%), falls from height (30%), occupational
injuries (20%). Lesion levels: cervical (C5-C7, 60%), thoracic
(Th11-Th12, 30%) [24,30,32]. 36-50 years: 95 patients
(38.0%). Mixed group: degenerative changes (herniated
discs C3-C7, L4-S1, spondylosis) accounted for 65%,
trauma sequelae — 35%. Metallic constructs were frequently
detected (85% in this group) [3,13,16]. >50 years: 55 patients
(22.0%). Predominantly multilevel degenerative lesions
(80%): multiple herniations, severe spondylosis, secondary
stenosis of the cervical and lumbar spine. Post-traumatic
changes — 20% [13,23,25,26].

The nosological structure of the cohort (Fig. 2) demonstrates
a predominance of post-traumatic myelopathies, identified
in 170 patients (68.0%). Within this group, cervical spine
fractures (C5-C7) with metal osteosynthesis predominated
(45%), alongside thoracic spine fractures (Th11-Th12)

with metal osteosynthesis (20%), while post-traumatic
osteochondrosis, retrolisthesis, and instability accounted for
35%. Critically, signs of an active "post-traumatic cascade"
were detected in 82% of patients with post-traumatic
myelopathy [7,13,26]. Degenerative lesions were diagnosed
in 62 patients (25.0%), where multiple disc herniations
(C3-C7, L4-S1) constituted 55%, secondary spinal canal
stenosis — 30%, and spondylolisthesis — 15% [4,6,9,25].

Congenital and systemic diseases were identified in 13
patients (5.0%), including syringomyelia (3.0%, 7 patients),
Friedreich's ataxia (1.5%, 4 patients), and cervicothoracic
arteriovenous malformations (AVMs) (0.5%, 2 patients) [38].
Inflammatory sequelae were observed in 5 patients (2.0%),
represented by arachnoiditis (1.2%, 3 patients) and vertebral
osteomyelitis (0.8%, 2 patients) [1,2].
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Figure 2. Breakdown of diagnoses in patient cohort

The clinical characteristics of the patients are presented
in Table 1. This table provides a detailed clinical
characterization of the cohort of 250 patients with vertebral
myelopathy, systematically categorized by neurological
impairment categories. Data analysis reveals nearly universal
involvement of the motor sphere: motor impairments
were identified in all 250 patients (100.0%), with the
overwhelming majority (237 patients, 94.8%) diagnosed
with tetraparesis or paraparesis. The severity structure of
motor deficits shows a predominance of severe cases
(175 patients, 70.0%), characterized by severe paresis and
inability to walk independently, while moderate and mild
degrees were significantly less frequent (62 patients, 24.8%
and 13 patients, 5.2%, respectively).

Spasticity, as a key component of motor impairment, was
registered in 220 patients (88.0%), predominantly localized
in the lower extremities, which significantly exacerbated
functional limitations and pain syndrome. Sensory disturbances
in the form of paresthesias and hypesthesia were noted in 210
patients (84.0%), indicating a high prevalence of sensory
disorders in this population.

The pain syndrome manifested as two main types:
radicular pain (radiculopathies), diagnosed in 188 patients
(75.2%), and vertebrogenic pain of musculo-tonic or facet
joint origin, identified in 150 patients (60.0%). This distribution
underscores the complex nature of the pain syndrome,
combining compressive nerve root lesions with pathology of
the spinal musculoskeletal structures.
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Table 1. Dynamics of indicators in patients with disc protrusion (n=38) resulting from combined pathogenetic therapy

Category of impairments manifestations number of patients (%)
Total 250 100.0

Tetraparesis/Paraparesis 237 94.8

Motor Impairments §evere degree (severe paresis, inability to walk 175 70.0

independently)

Moderate degree 62 24.8

Mild degree 13 5.2

Spasticity Predominance in lower limbs 220 88.0
Sensory Impairments Paresthesias, hypesthesia 210 84.0
. Radicular pain (radiculopathies) 188 75.2

Pain Syndrome — - —

Vertebrogenic pain (musculo-tonic, facet joint) 150 60.0

Thus, the clinical picture of the cohort is characterized
by high comorbidity of neurological deficits: absolute
predominance of severe motor impairments is combined
with marked spasticity, widespread sensory disorders, and
polymorphic pain syndrome, necessitating a comprehensive
approach to patient rehabilitation.

Pelvic organ dysfunction (POD) was diagnosed in 243
patients (97.2%) and is presented in Fig. 3. The structure of
POD demonstrates a clear correlation with the level of spinal
cord lesion. Urinary retention (isuria) was diagnosed in 155
patients (62.0%), with a significant association between this
disorder and the localization of the pathological process
observed in 85% of patients with cervical myelopathy
(C5-C7 level). Pathogenetically, this condition results from
impaired suprasegmental innervation of the detrusor, mediated
through the pathways of the spinal cord lateral funiculi
[10,27,29]. The clinical significance of urinary retention is
determined by the high risk of infectious-inflammatory
complications, including pyelonephritis and urosepsis, which
develop in 35% of patients without adequate catheterization
[8,39].

Clinical Data on Pelvic Organ Disfanction (POD)
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Figure 3. Prevalence of pelvic organ dysfunction (pod) subtypes

The mixed type of pelvic organ dysfunction (POD),
characterized by a combination of detrusor overactivity and

sphincter insufficiency, was identified in 62 patients (25.0%).

This form shows a significant correlation with thoracic
lesion levels (Th7-Th12), occurring in 60% of patients
with thoracic myelopathy. The disorder stems from partial
preservation of the S2-S4 segments responsible for reflex
micturition control, against a background of impaired

suprasegmental regulation [10,19,27,29]. Clinically, the
mixed type manifests as alternating episodes of urinary
retention and urgent urges, necessitating a differentiated
therapeutic approach.

Urinary incontinence (stress/urge) was observed in 25
patients (10.0%) and was associated with lumbosacral lesion
levels (L4-S1), occurring in 70% of patients with this
localization. The pathogenetic basis involves damage to
autonomic (parasympathetic) micturition control centers
located in the S2-S4 segments [10,27,29].

Absence of POD was registered in only 7 patients (2.8%),
exclusively in cases of isolated radicular syndromes without
signs of spinal cord compression (myelopathy). This fact
confirms the critical role of spinal cord compression in the
genesis of pelvic disorders in patients with vertebral
pathology.

Among other complications of vertebral myelopathy,
dysphagia and dysphonia were identified in 12 patients
(5.0%), occurring exclusively in high cervical lesions
(C1-C4) due to damage to cranial nerve nuclei and bulbar
centers. Trophic disorders in the form of pressure ulcers were
diagnosed in 8 patients (3.2%), with their development
associated with prolonged immobilization and severe spasticity
leading to local ischemia and impaired tissue trophicity.
Respiratory disturbances were noted in 5 patients (2.0%) and
also occurred exclusively in high cervical lesions (C1-C4)
due to involvement of the phrenic nerve (C3-C5) and
medullary respiratory centers, posing a potential life threat.

Examination Methods:

o Neurological Status: Assessment using the ASIA
(American Spinal Injury Association) scale to determine
the level and completeness of spinal cord conduction
impairment.

e POD Evaluation: Uroflowmetry; comprehensive
urodynamics (cystometry, urethral profilometry); scoring
on the Urinary Symptom Profile (USP) scale [27,29].

¢ Neuroimaging: Spinal MRI (Siemens Magnetom Aera,
1.5 T): Evaluation of spinal cord condition, compression
degree, presence of edema, gliosis, and metallic
constructs; Spinal CT (Toshiba Aquilion ONE, 320-slice):
Assessment of bone structures, stenosis severity, and
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metallic construct status; CT Myelography: Performed
in 80 patients (32.0%) with metallic constructs significantly
impeding MRI data interpretation, for accurate assessment
of spinal cord compression and dural sac condition [21].

o Statistical Processing: IBM SPSS Statistics 26.0 software.
Methods included descriptive statistics (means, standard
deviations, percentages), correlation analysis (Spearman
coefficient), Pearson’s ¥> and Mann-Whitney U tests,
and logistic regression to calculate Odds Ratio (OR)
with 95% confidence intervals (CI). Differences were
considered significant at p<0.05.

3. Research Results

Dynamic Model of Vertebral Myelopathy Progression

Based on comprehensive analysis of clinical, neuroimaging,
and urodynamic data, as well as identified correlations, a
dynamic model of vertebral myelopathy (VM) progression
has been proposed. The model includes three sequential
stages reflecting the evolution of the pathological process:

Stage I: Initial

Pathogenetic mechanisms are characterized by acute
injury (trauma in the form of fracture, dislocation, or subluxation)
or initial degenerative changes (disc protrusion/herniation,
spondyloarthrosis). The leading role is played by local
mechanical compression factors or inflammatory edema.
Key MRI/CT markers include localized bone structure or
disc damage, localized spinal cord edema, minimal stenosis
signs (<30%), and absence or minimal degenerative changes
such as osteophytes or ligament hypertrophy. Metallic
constructs may be present post-spondylodesis but without
signs of instability or stenosis progression.

Clinically, radicular syndrome predominates with pain
and paresthesia in the nerve root innervation zone. Mild or
moderate conduction disturbances manifest as slight paresis
or hypesthesia. Pelvic organ dysfunction is minimally
expressed or absent (10% in our cohort), more frequently
presenting as mild ischuria or urgency in cervical lesions.
Prognosis with adequate treatment (conservative or surgical
decompression) suggests possible stabilization or symptom
regression. Risk of progression to Stage Il depends on
decompression completeness, instability presence, and initial
injury severity [4,6,9,25].

Stage I1: Cascade

Pathogenetic mechanisms involve activation of the
"post-traumatic cascade” [7,8,13,26]. Chronic mechanical
instability following trauma or degeneration triggers chronic
inflammation with production of pro-inflammatory cytokines
(IL-6, TNF-a, IL-1p). This leads to osteoclast activation and
bone tissue remodeling, manifesting as osteophyte formation
and hypertrophy of the yellow and posterior longitudinal
ligaments. These processes promote spinal canal stenosis
progression to 30-50%, causing chronic spinal cord ischemia
and compression. Consequently, astrocytes and microglia
are activated, leading to demyelination and initial axonal

degeneration.

Key MRI/CT markers include 30-50% spinal canal stenosis
and instability signs such as retrolisthesis or antelisthesis >2
mm and pathological mobility on functional imaging. Severe
degenerative changes are evident: multiple osteophytes,
facet joint hypertrophy, and "hard" disc herniation. MRI
reveals myelopathy signs characterized by decreased spinal
cord signal intensity on T2-weighted images and widened
posterior subarachnoid spaces. Metallic constructs are
frequently present (78% in our cohort) and may cause
artifacts or secondary instability.

Clinically, progression of conduction disturbances occurs
with moderate-to-severe paresis/paralysis and increasing
hypesthesia. Marked spasticity (88%) is observed. Radicular
pain persists or worsens. Pelvic organ dysfunction becomes a
significant problem, with mixed-type predominance (25% in
our cohort) or worsening urinary retention, especially in
cervical lesions. Gait, balance, and fine motor hand function
impairments appear or worsen. Prognosis at this stage is
critical for surgical decompression decisions. Without active
treatment, there is a high risk of rapid progression to Stage Ill,
as conservative therapy is often insufficiently effective.

Stage I11: Terminal

Pathogenetic mechanisms involve severe, often multilevel
spinal canal stenosis (>70%) and pronounced spinal cord
ischemia. Widespread gliosis, spinal cord atrophy (volume
reduction on MRI), and severe axonal degeneration (decreased
diffusion anisotropy on DTI) develop. Against the background
of chronic ischemia, hemorrhagic transformation or
syringomyelia may occur, along with impaired spinal blood
flow autoregulation.

Key MRI/CT markers demonstrate >70% spinal canal
stenosis (often multilevel) and severe spinal canal deformity.
MRI reveals marked hypointensity of the spinal cord signal
on T2-weighted images (indicating gliosis/necrosis), spinal
cord atrophy (reduced anteroposterior diameter), and
possible syringomyelia signs. CT-myelography is often
required for accurate assessment of residual canal lumen in
the presence of metallic constructs.

Clinically, severe, often irreversible neurological deficits
manifest: severe tetraparesis or tetraplegia (70% in our
cohort), gross ataxia, and severe spasticity with contractures.
Severe pelvic organ dysfunction is observed: persistent
urinary retention predominates (62% in our cohort, mainly in
cervical lesions), requiring permanent catheterization with
high risk of infectious urinary tract complications (35%).
Fecal incontinence and trophic disorders in the form of
pressure ulcers are noted. Prognosis is unfavorable: surgical
treatment (decompression, stabilization) aims to prevent
further deterioration and ease care but rarely results in
significant neurological recovery. The primary goals are
management of pelvic organ dysfunction, complication
prevention, palliative care, and rehabilitation to maintain the

highest possible functional level [3,11,13,16,20].
Risk Factors for Progression
Logistic regression analysis

identified independent
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predictors of poor prognosis and transition to Stage Ill:

C5-C7 Lesion Level: OR=4.1 (95% CI 2.3-7.3; p<0.001)
[6,31]. Cervical localization, particularly in the mid-to-lower
spine, is associated with the most severe pelvic organ
dysfunction (urinary retention) and high progression risk due
to critical canal narrowing and the importance of this level
for limb and pelvic organ innervation.

Urinary Retention (lsuria): OR=5.6 (95% CI 3.1-10.2;
p<0.001) [10,19,27,29]. This is not only a consequence but
also a powerful independent predictor of severe myelopathy
and poor outcomes, reflecting the severity of suprasegmental
control impairment.

Age >50 Years: OR=3.2 (95% CI 1.8-5.7; p<0.001) [23].
Older age correlates with reduced neural plasticity, more
severe concomitant degeneration, and comorbidities limiting
treatment options.

Spinal Canal Stenosis >50%: OR=4.1 (95% CI 2.3-7.3;
p<0.001) [13,18,25,26]. Directly correlates with myelopathy
severity (r=0.78, p<0.001) and POD severity (r=0.82,
p<0.001). Stenosis >70% is an absolute marker of Stage Il1.

Presence of Metallic Constructs: Associated with visualization
difficulties (32% of cases required CT-myelography) and
risk of secondary instability or "adjacent-level" pathology
promoting stenosis progression and cascade activation [21].
Multidisciplinary Stratification and
Management Algorithm

Based on the dynamic model and identified risk factors,
a multidisciplinary algorithm for patient stratification
into three risk groups has been developed, featuring
clearly differentiated management approaches requiring
close collaboration between neurologists, vertebrologists
(neurosurgeons), urologists, and rehabilitation specialists.
Group 1: High Risk of Severe POD and Poor Prognosis
(Corresponds to Stage I11)

Stratification criteria for high-risk patients include spinal
canal stenosis >50% (especially >70%), C5-C7 lesion level,
urinary retention (isuria), age >50 years, presence of metallic
constructs (particularly with instability signs or symptom
progression), and severe motor impairments in the form of
ASIA C-D tetraparesis/paraplegia. These parameters necessitate
active management due to high risk of neurological deficit
progression and life-threatening complications.

Neurologist/Vertebrologist tactics focus on early surgical
decompression for stenosis >50% with symptom progression,
especially with urinary retention. Thorough spinal cord
assessment is mandatory, with CT-myelography required
for metallic constructs. Active management of the "post-
traumatic cascade" includes pathogenetic anti-inflammatory
therapy as indicated and osteoporosis treatment. Decisions
on decompression volume and approach (anterior, posterior,
combined) are individualized based on stenosis level/character
and instability presence [3,11,12,14,15,20].

Urological tactics involve immediate urinary retention
correction through patient/relative training in periodic
intermittent catheterization (PIC) as the method of choice.
If PIC is ineffective or impossible, permanent urinary

catheterization  (urethral/suprapubic)  is indicated.
Pharmacotherapy with alpha-blockers (to reduce bladder
neck obstruction) and/or antimuscarinic drugs (for detrusor
overactivity in mixed-type POD) serves as an adjunct.
Mandatory monitoring of upper urinary tract function (renal
ultrasound, excretory urography, renal scintigraphy) every
6-12 months. Invasive methods (TURP, sphincterotomy,
urethral stenting, bladder augmentation) are considered for
conservative therapy failure and renal function threat
[8,10,19,27,28,29,39].

Rehabilitation specialist develops an intensive program
emphasizing spasticity reduction (botulinum toxin therapy,
muscle relaxants, kinesiotaping, physical therapy), contracture
and trophic disorder prevention (positioning, specialized
mattresses, skin care). Training in self/assisted catheterization,
home adaptation, and employment assistance is provided.
Functional electrical stimulation (FES) devices are used to
improve ambulation when potential exists. Psychological
support is a critical component [27,28].

Multidisciplinary consultation is mandatory at treatment
planning (especially surgical) and for dynamic monitoring at
least quarterly. Its goals include synchronizing management
strategies among specialists, evaluating treatment efficacy/
safety, and timely therapeutic strategy adjustments. This
approach ensures comprehensive high-risk patient management
and minimizes disability progression probability.

Group 2: Moderate Risk (Corresponds to Stage I1)

Stratification criteria for moderate-risk patients include
30-50% spinal canal stenosis, Th7-Th12 or L4-S1 lesion
level, mixed-type POD or urinary incontinence, age 36-50
years, and moderate motor impairments in the form of ASIA
D paresis. These parameters necessitate an individualized
approach combining conservative therapy options and
selective surgical intervention for symptom progression.

Neurologist/Vertebrologist tactics are based on individualized
decisions regarding surgical necessity. Surgery is indicated
for neurological symptom progression (especially motor
deficits and POD), conservative therapy inefficacy within
3-6 months, or confirmed stenosis progression per MRI/CT.
Active conservative strategy includes NSAIDs for pain/
inflammation control, muscle relaxants, neuroprotectants
(used cautiously due to limited evidence base), and osteoporosis
medications. "Post-traumatic cascade" monitoring requires
dynamic MRI/CT follow-up every 6-12 months and risk
factor correction (e.g., smoking cessation, obesity management)
[3,11,12,14,15,20].

Urological tactics involve differentiated therapy based on
POD type. For mixed-type, alpha-blockers combined with
antimuscarinics are used. For stress/urge incontinence,
pelvic floor muscle training (Kegel exercises), biofeedback
therapy (BFB), and pharmacotherapy (duloxetine for stress
incontinence, imidafenacin for urgency) are recommended.
Patients are trained in bladder management via scheduled
voiding regimens, with periodic intermittent catheterization
(PIC) potentially needed for retention episodes [8,10,19,27,
28,29,39].
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Rehabilitation specialist develops a comprehensive
program targeting pelvic organ function improvement using
BFB therapy and pelvic floor/detrusor muscle electrostimulation.
Motor deficit correction includes strength/coordination/
balance training through physical therapy, plus pain reduction
via physiotherapy, massage, and cautiously applied traction.
Adapting physical activity to functional capacity is essential
[27,28].

Multidisciplinary consultation is recommended for
conservative therapy inefficacy within 3-6 months or symptom
progression. The primary goals are collective decision-making
regarding surgical necessity, synchronizing management
strategies among specialists, and timely therapeutic strategy
adjustments to prevent transition to high-risk status.

Group 3: Relatively Favorable Prognosis
(Corresponds to Stage 1)

Stratification criteria for patients with favorable prognosis
include <30% spinal canal stenosis, isolated radicular syndromes
without myelopathy signs, absent POD or minimal
manifestations such as mild urgency or periodic isuria, age
<35 years, and mild or absent motor impairments (ASIA E or
D with minimal deficit). These parameters indicate low
progression risk, enabling predominantly conservative
strategies focused on complication prevention.

Neurologist/Vertebrologist tactics are based on conservative
therapy as the primary treatment. A comprehensive approach
includes physiotherapy (UVCh, magnetotherapy, laser
therapy), physical therapy to strengthen the muscular corset,
improve posture, and correct movement biomechanics,
plus medication-based pain correction with NSAID courses,
transitioning to gabapentinoids if ineffective. Anti-inflammatory
therapy complements baseline treatment. Dynamic monitoring
with control MRI/CT every 12—24 months and neurological
status assessment every 3—6 months aims for early detection
of stenosis progression or myelopathy development. Surgical
treatment is considered exclusively for conservative therapy-
resistant radicular syndromes, e.g., disc herniation with
severe pain syndrome and confirmed root compression
[1,2,4,6,9,25].

Urological tactics are limited to consultation upon first
POD symptoms. Primary efforts focus on preventive
recommendations: urination regimens, constipation prevention
affecting pelvic organ function. Patients remain under
dynamic observation. Pharmacotherapy is prescribed strictly
by indications only for minimal dysfunction manifestations
[10,27,29].

Rehabilitation specialist develops programs to prevent
degenerative changes progression. Key directions include
ergonomics training, physical therapy for deep back and core
muscle strengthening, posture correction, and low-intensity
aerobic exercise (walking, swimming). Special attention is
given to movement biomechanics correction to reduce spinal
load [27,28].

Multidisciplinary consultation is conducted as indicated.
Necessity arises when planning surgical treatment for
conservative therapy-resistant radicular syndromes or upon

first myelopathy signs. The primary goal is collective
assessment of invasive intervention appropriateness and
management strategy adjustment at minimal progression
risk.

Algorithm Efficacy

Implementation of the proposed dynamically oriented
multidisciplinary algorithm at the Republican Center for
Rehabilitation of Disabled Persons during 20222023 (after
its development) achieved the following results compared to
the historical control group (2019-2021, n=150):

o Reduction in progression to terminal stage (111) by 40%
(from 28% to 16.8%; p < 0.05).

e Decrease in POD severity (USP scale) by 65% (p <0.01)
in the high-risk group due to early surgical decompression
and aggressive urological correction.

e Reduction in infectious urinary tract complications
(pyelonephritis) by 50% (from 35% to 17.5%; p < 0.01)
in the high-risk group owing to timely catheterization
and monitoring.

o Improvement in quality of life (EQ-5D-5L questionnaire)
from 0.4240.15 to 0.7140.18 (p < 0.001) across the
cohort.

o Increase in the proportion of patients capable of
independent ambulation (with or without assistive
devices) by 25% (from 45% to 56.3%; p < 0.05).

These data confirm the clinical efficacy and feasibility
of implementing the proposed dynamic model and
multidisciplinary algorithm [12,14,15].

4. Discussion

The comprehensive analysis of 250 patients with vertebral
myelopathy and pelvic organ dysfunction (POD) enabled
the development and validation of a dynamic disease
progression model comprising three stages: initial, cascade,
and terminal. The key pathogenetic mechanism, particularly
in patients with trauma history (68%), is the "post-traumatic
cascade" (biomechanical instability — inflammation —
bone remodeling — stenosis progression and spinal cord
compression), identified in 82% of this subgroup [7,13,26].
Independent predictors of poor prognosis and progression to
terminal stage were identified: C5-C7 lesion level (OR=4.1),
urinary retention (OR=5.6), age >50 years (OR=3.2), and
stenosis >50% (OR=4.1) [34].

Based on this model, a multidisciplinary algorithm for
patient stratification into three risk groups (high, moderate,
favorable) was developed, featuring clearly differentiated
management tactics for each group. The algorithm integrates
efforts of neurologists, vertebrologists, urologists, and
rehabilitation specialists at all diagnostic and treatment stages.
Its implementation significantly reduced disability risk
(progression to Stage 111 by 40%), decreased POD severity
(by 65%) and infectious complications (by 50%), while
improving patients' quality of life [5,17,30,33,34,35,36,37,
38,40].
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Table 2. Multidisciplinary Algorithm for Stratification and Management of Patients with \ertebral Myelopathy

Risk Group
Stratification

High Risk (Stage I11)

Moderate Risk (Stage I1)

Favorable Prognosis (Stage I)

* Spinal canal stenosis >50%
(especially >70%)
* C5-C7 lesion level

« Spinal canal stenosis 30-50%
* Th7-Th12 or L4-S1 lesion level

* Spinal canal stenosis <30%
« Isolated radicular syndromes without
myelopathy

* Invasive methods for renal
function threat

Rehabilitation Specialist:

« Intensive program: botulinum
toxin therapy, muscle relaxants,
physical therapy

* Contracture and pressure ulcer
prevention

» Catheterization training
* FES for ambulation

therapy, duloxetine/imidafenacin

* Scheduled bladder emptying regimen

« PIC for retention episodes
Rehabilitation Specialist:

» Comprehensive program:

BFB therapy + pelvic organ
electrostimulation

Physical therapy for muscle
strengthening, coordination, gait training
Physiotherapy, massage, traction

Crit_eria - Urinary retention (isuria) . Mixeq-type p elvic organ dysfunction * Absent/minimal pelvic organ dysfunction

Specialists » Age >50 years (POD)/incontinence (POD)
. P'res.ence o'f .metallic constructs » Age 36-50 years . Age <35 years
(with instability) . . * ASIA D paresis * Mild/absent motor deficits (ASIA E/D)
* ASIA C-D tetraparesis/paraplegia

. . Neurologist/Vertebrologist:
NeurologlstNertebrolog|st:. Neurologist/Vertebrologist: * Conservative therapy:
;t]egr?(r)zsszrsgolg/jl decompression for . Surgery for symptqm . Physiotherapy (UVCh, magnetotherapy, laser
. progression/therapy inefficacy therapy)
C;Ztgé/; lography for metallic (3-6 months) Physical therapy for muscular corset
o « Conservative therapy: NSAIDs, strengthening

: Antl—lnflam-matory therapy muscle relaxants, neuroprotectants NSAIDs — gabapentinoids for pain
* Osteoporosis treatment » Dynamic monitoring management
Urologist: (MRI/CT every 6-12 months) * Dynamic monitoring (MRI/CT every 12-24
* Immediate correction of urinary « Risk factor correction months, neurological status every 3—-6 months)
retention (PIC) (smoking, obesity) * Surgery only for conservative
* Permanent catheter if PIC is Urologist: therapy-resistant radicular syndrome
ineffective _ N « Differentiated therapy: Urologist:

Manage_ment :jrAulgpsha_bIOCkers *+ antimuscarinic Mi)'(ed-typ(?: Alpha-blockers + . Consul?ation for initial pelvic organ

Tactics antimuscarinics dysfunction (POD) symptoms

é?;i:;ﬁ?ﬁsﬁoring every Incontinence: Kegel exercises, BFB « Preventive recommendations (voiding

regimens, constipation prevention)

* Dynamic monitoring

* Pharmacotherapy only for minimal
dysfunction manifestations

Rehabilitation Specialist:

* Progression prevention program:
Ergonomics training

Physical therapy for deep back/core muscles
Posture correction

Low-intensity aerobic exercise (walking,

Consultation
Frequency

Mandatory:
* During treatment planning
* Every 3 months

* When therapy is ineffective
(3-6 months)

* With symptom progression

« Psychological support Physical activity adaptation swimming) _ . _
Movement biomechanics correction
Recommended: As indicated:

* When planning surgery for radicular
syndrome
« For initial signs of myelopathy

5. Conclusions

1. The dynamic model of vertebral myelopathy (VM)

progression, reflecting the evolution from acute injury
/degeneration to the terminal stage via the "post-traumatic
cascade," adequately describes clinical reality and
enables prediction of disease course.

Patient stratification into risk groups based on
progression stage, lesion level, stenosis severity, and
pelvic organ dysfunction (POD) forms the foundation
for personalized management strategies.

Early surgical decompression for stenosis >50%
(especially at C5—C7 level with urinary retention) and

timely aggressive correction of POD (primarily urinary
retention) are critically important for improving
prognosis and preventing terminal stage progression.
A multidisciplinary approach involving neurologists,
vertebrologists, urologists, and rehabilitation specialists,
implemented through regular consultations - especially
in the high-risk group - is a mandatory condition for
successful management of patients with VM and
POD.

The proposed algorithm is an effective tool for clinical
practice, enabling optimization of diagnostic processes,
therapeutic decision-making, and improvement of
functional outcomes and patients' quality of life.
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