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Abstract
BACKGROUND: The surgical treatment in patients with spinal deformities associated with neurological deficit remains a 
subject of debate. Existing research is mostly limited to case-control studies or case series, with no statistical assessment of 
treatment outcomes. The absence of a standardized surgical approach and the scarcity of statistically significant outcome data 
highlight the relevance of further research into this topic.
AIM: The work aimed to assess treatment efficacy in patients with spinal deformities associated with neurological deficit. 
METHODS: A retrospective analysis of surgical treatment outcomes was conducted in 51 patients with spinal deformities 
associated with neurological deficit. Patients were divided into three groups based on the surgical technique used. All patients 
underwent standard diagnostic examinations. Based on CT myelography findings, individualized 3D models of the spine and 
spinal cord were created (n = 23), and customized implants were manufactured (n = 8). Patient questionnaires were used, and 
neurological status was assessed using the Frankel, ASIA, and FIM scales. 
RESULTS: A significant regression of neurological deficit was observed in patients classified as Frankel B, C, or D. Motor 
function improved within days after surgery, whereas sensory function improved on average within six months. Spinal cord 
decompression at the site of maximal stenosis was found to be a key factor influencing neurological deficit regression.
CONCLUSION: Postoperative neurological deficit regression is determined by its severity and duration prior to surgery, as well 
as adequate spinal cord decompression at the site of maximal spinal stenosis. Patient-specific 3D models of the spine and 
spinal cord are a valuable tool for assessing local spinal cord compression.
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Аннотация
Обоснование. Хирургическое лечение пациентов с деформациями позвоночника, сопровождающимися неврологиче-
ским дефицитом, является дискутабельным. Имеющиеся исследования, как правило, представлены форматом «слу-
чай — контроль» или серией клинических случаев и не содержат статистической оценки результатов лечения. Отсут-
ствие систематизированного подхода к хирургическому вмешательству и недостаток статистически значимых данных 
о результатах лечения подчёркивают высокую актуальность изучения данной темы.
Цель. Оценить эффективность лечения пациентов с деформацией позвоночника, ассоциированной с неврологическим 
дефицитом. 
Материалы и методы. Проведён ретроспективный анализ результатов хирургического лечения 51 пациента с дефор-
мацией позвоночника, ассоциированной с  неврологическим дефицитом. Пациенты были разделены на три группы 
в  зависимости от метода хирургического лечения. Всем пациентам проведены стандартные методы обследования. 
На основе данных КТ-миелографии изготовлены индивидуальные 3D-модели (n=23) позвоночника и спинного мозга 
и индивидуальные металлоконструкции (n=8). Проведены анкетирование пациентов и оценка неврологического стату-
са с использованием шкал Frankel, ASIA, FIM. 
Результаты. У всех пациентов из групп B, C и D по Frankel выявлен статистически значимый регресс неврологического 
дефицита. Улучшение моторной функции отмечалось в первые дни после операции, а чувствительность улучшалась 
в среднем через 6 мес. Было установлено, что на регресс неврологического дефицита влияет декомпрессия спинного 
мозга в зоне максимального стеноза.
Заключение. Регресс неврологического дефицита в послеоперационном периоде зависит от степени выраженности, 
продолжительности неврологического дефицита до операции и адекватной декомпрессии спинного мозга в зоне мак-
симального стеноза позвоночного канала. 3D-модели позвоночника и спинного мозга являются важным инструмен-
том для визуализации локальной компрессии спинного мозга.

Ключевые слова: кифоз; сколиоз; кифосколиоз; неврологический дефицит; декомпрессия; аддитивные техноло-
гии; 3D-модель позвоночника.
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BACKGROUND
Progression of scoliotic and kyphotic spinal deformities 

leads to spinal canal stenosis localized at the apex of the 
deformity. Stenosis causes direct mechanical compression of 
the spinal cord at the deformity apex, impaired microcirculation 
of myeloradicular structures, and tension of the spinal cord 
membranes. This results in myelopathy at the deformity apex. 
Spinal cord compression manifests as neurological deficit 
of varying severity, leading to patient disability [1, 2]. The 
average incidence of vertebrogenic myelopathies in kyphosis 
is 21.1%. The incidence of neurological complications exceeds 
66% in vertebral body agenesis, reaches 33% in hypogenesis, 
and amounts to 20% in hypoplasia. Combined kyphosogenic 
malformations are accompanied by myelopathy in 30.8% of 
cases [3]. Statistical data on neurological deficit in idiopathic 
spinal deformities are lacking in the scientific data. 

The primary objective of surgical treatment for 
neurologically complicated spinal deformities is 
decompression of the spinal cord at the deformity apex. The 
goal of direct correction of spinal deformity in the coronal or 
sagittal plane becomes secondary. A review of the scientific 
data identifies surgical approaches based on ventral, dorsal, 
or combined access [4, 5].

In scientific data, approaches to surgical treatment of 
patients with neurologically complicated kyphoscoliotic de-
formities of the spine remain unsystematized, both with and 
without instrumentation. Most studies on this topic are case–
control studies or case series without statistical analysis of 
treatment outcomes [6, 7].

The work aimed to evaluate the efficacy of surgical 
treatment methods in patients with spinal deformities 
associated with neurological deficit.

METHODS
Study Design 

It was a retrospective, observational, single-center, 
controlled study.

Study Setting
The study was carried out at the N.N. Priorov National 

Medical Research Center of Traumatology and Orthopedics. 

Eligibility Criteria 
Inclusion criteria:
•• neurological deficit caused by spinal cord compression 

associated with spinal deformity 
•• availability of imaging data before and after surgical 

treatment
•• availability of neurological status data before and after 

surgical treatment.
Non-inclusion criteria:
•• neurological deficit and spinal deformity resulting from 

acute spinal trauma

•• neurological deficit caused by brain condition 
•• spinal and spinal cord neoplasms
•• neuromuscular spinal deformities.

Study Duration 
The study was conducted from October 2022 to February 

2025.

Intervention and Subgroup Analysis
Patients were examined preoperatively, postoperatively 

(at 2 weeks), and at 6, 12, and 18 months.
All patients underwent a general clinical examination with 

a detailed assessment of neuro-orthopedic status. Diagnostic 
studies included radiographs of the spine in two projections, 
computed tomography (CT), and magnetic resonance imaging 
(MRI) of the spine. CT myelography was performed to clarify 
and provide volumetric visualization of the site of spinal cord 
compression. 

In order to plan the site, area, and extent of spinal 
resection, as well as the locations and trajectories of screw 
placement, full-scale anatomical models of the spine and 
myeloradicular structures were created from plastic on a 3D 
printer, based on CT myelography data (Fig. 1). For the ventral 
stage of surgery, customized implants were manufactured 
for 8 patients.

Depending on the main method of spinal cord 
decompression, patients were divided into three groups. 

•• Patients in group 1 underwent surgical treatment, 
the main components of which were ventral 
decompression, stabilization, and minimal correction 
of the spinal deformity. 

•• Patients in group 2 underwent surgical treatment, the 
main component of which was indirect decompression 
of the spinal cord through instrumental correction and 
fixation of the deformity. 

•• In group 3, the main component of surgical treatment 
was posterior and/or posterolateral decompression of 
the spinal canal with subsequent stabilization. 

Study Outcomes
The primary endpoints of the study were the severity 

of spinal canal stenosis and spinal cord compression after 
surgical intervention, as well as the patient’s neurological 
status. 

Outcomes Registration
To objectively evaluate spinal canal stenosis and spinal 

cord compression, the relative degree of stenosis (K%) was 
calculated based on diagnostic imaging data (CT, MRI, and 
CT myelography), both before and after surgery. The K% was 
measured in the sagittal plane using the following formula: 

K% = (A − B) / A × 100%,  
where A is the sagittal diameter of the spinal cord in the 
neutral zone (mm), and B is the sagittal diameter of the 
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spinal cord at the site of maximal compression (mm) at the 
deformity apex (Fig. 2) [8].

Neurological status was assessed before and after 
surgery using the Frankel scale (Frankel, 1969) and the 
American Spinal Injury Association (ASIA) scale. For statistical 
analysis, the categorical Frankel scale was converted into a 
numerical scale: A = 1, B = 2, C = 3, D = 4, E = 5. 

Changes in neurological status on the ASIA scale were 
evaluated using the Hirobayashi recovery rate (Hirobayashi 
RR, %). Hirobayashi RR, %, was calculated according to the 
formula:

Hirobayashi RR (%) = 

= × 100%, 
(ASIA post-op − ASIA pre-op)

(M − ASIA pre-op)

where M is the maximum score of the scale. M = 100 for ASIA 
motor, and M = 112 for ASIA sensory/pain. 

Functional independence was assessed using the Func-
tional Independence Measure (FIM) [9].

Ethics Approval
The study protocol was approved by the Local Ethics 

Committee (meeting No. 7 of August 5, 2021). All patients (or 
their legal representatives) voluntarily signed an informed 
consent form prior to inclusion in the study.

Statistical Analysis
Statistical data processing was performed using the 

R statistical programming language (version 4.3.1) in the 
integrated development environment RStudio (version 
2023.09.0). The Wilcoxon nonparametric test was applied 
to compare two dependent samples. Analysis of two-factor 

randomized block designs with a binary variable was 
performed using Cochran’s Q test. Differences between 
mean values were assessed with Friedman’s test for related 
samples. Correlation analysis of quantitative variables was 
carried out using Spearman’s rank correlation. In all statistical 
tests, the null hypothesis was rejected at a significance level 
of p < 0.05, corresponding to a 95% confidence interval.

RESULTS
Participants

In the study, patients (n = 51) with scoliotic (n = 8; 15.7%), 
kyphotic (n  =  26; 51%), and kyphoscoliotic (n  =  17; 33.3%) 
spinal deformities associated with neurological deficit were 
included (Fig. 3). Among them, 25 patients (49%) were male 
and 26 (51%) were female. Patients were divided into two age 
groups. The first group comprised 39 patients under 18 years 
of age, with a mean age of 10.5  ±  4.4 years. The second 
group included 12 patients over 18 years of age, with a mean 
age of 26  ±  12.5 years. The age distribution of patients is 
shown in Fig. 4. 

In 23 cases, due to the severity of deformity and spinal 
cord compression, additional methods of pathological site 
visualization were required.

The apex of the kyphotic deformity was most commonly 
localized at the levels of C3, Th5, Th12, and L1 vertebrae. 
The apex of the scoliotic deformity was predominantly 
located in the thoracic region (Th5–Th6). The apex of the 
kyphoscoliotic deformity was identified at Th4, Th8, Th5, and 
L1 (see Table 1).

Most patients (n  =  43) underwent multistage surgical 
treatment. Depending on the main method of spinal cord 
decompression, three patient groups were distinguished. 

a b c

Fig. 1. Anatomical life-size 3D model of the spine (yellow) and spinal cord (red) at the Th6–Th10 level in a patient with the following diagnosis: Hereditary 
neuropathy (Charcot–Marie–Tooth disease type 4C). Neurogenic left-sided thoracic kyphoscoliosis, grade IV. Spinal cord compression at Th6–Th9. Lower 
mixed deep paraparesis: a, posterior view; b, c, sagittal views of the model in disassembled configuration. The blue oval indicates the zone of greatest 
compression of the myeloradicular structures at the level of Th6-9, caused by the radixes of the arches, costotransverse joints, and heads of the ribs on 
the concave side of the deformity.
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Group 1 included patients (n = 18):
•• with anterior spinal cord compression.
•• with localized angular spinal deformity.
•• with deformity that developed and progressed due to 

impaired formation or development of the anterior spi-
nal column. 

The etiology of deformities in this cohort was represented 
by congenital anomalies of the cervicothoracic (n = 6), thoracic 
(n = 8), and lumbar (n = 4) spine. In 7 patients, spinal deformity 
was associated with cervicothoracic inclination syndrome 

(n = 3), mucopolysaccharidosis types I and VI (n = 2), progeria 
(n  =  1), and neurofibromatosis (n  =  1). The morphological 
characteristics of the deformities predominantly included a 
kyphotic component (n  =  14). Scoliotic and kyphoscoliotic 
components were observed in isolated cases (n = 1 and n = 1, 
respectively). 

•• In five clinical cases, a  three-stage surgical 
treatment  was performed. The first stage consisted 
of halo-pelvic traction. The second stage involved 
dorsal fixation with minimal deformity correction. 

Fig. 3. Distribution of patients by type of spinal deformity. 
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Fig. 2. Computed tomography (sagittal slice) of the thoracic spine in a patient with the following diagnosis: Congenital thoracic kyphoscoliosis, grade IV. 
Spinal stenosis at Th4–Th5. Cervicothoracic myelopathy: upper mixed distal paraparesis, lower spastic paraparesis: a, preoperative CT myelography; b, 
postoperative CT of the spine; line 1: cross-sectional area of the spinal cord in the neutral zone (cm²); line 2: cross-sectional area of the spinal cord at 
the site of maximal compression (mm²) at the apex of the deformity. Compression ratio (CR): preoperative, 79.6%; postoperative, 61.2%. .

a b

Fig. 4. Distribution of patients by age. 
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The second stage involved dorsal fixation with 
minimal deformity correction. The concept of minimal 
deformity correction included correction achieved 
by patient positioning on the operating table under 
anesthesia, as well as by tension of the inserted rods. 
Since rods cannot be modeled with absolute precision 
to match the deformity, residual tension provides 
slight corrective force. The final stage consisted of 
ventral vertebral body resection at the deformity 
apex, anterior spinal cord decompression, and ventral 
fixation. 

•• In nine cases, a  two-stage surgical treatment  was 
performed. These patients predominantly presented 
with kyphotic deformities localized in the lower 
thoracic or thoracolumbar spine. The deformity apex 
was located between Th5 and L1 in eight patients 
and at C5 in one case. The first stage of surgical 
treatment involved transpedicular fixation with 
minimal deformity correction. The second stage 
included vertebral body resection with subsequent 
spinal canal decompression and defect replacement 
using a mesh titanium cage.

•• In four patients, a single-stage treatment was 
performed, which included ventral decompression of 
the spinal canal with resection of vertebral bodies at 
the deformity apex and ventral fixation. In two of these 
cases, an individualized plate and plate-cage had to be 
manufactured.

Patients in group 2 (n  = 12) demonstrated the following 
features: 

•• a long-segment kyphotic or scoliotic spinal deformity 
•• spinal canal stenosis caused by the anterior column 

of the spine 
•• absence of anterior column abnormalities.

Kyphosis was diagnosed in 5 patients, kyphoscoliosis 
was diagnosed in 2 patients, and scoliosis was diagnosed 
in 5 patients. Spinal deformity was related to achondroplasia 
in one patient, to Klippel–Feil syndrome in two patients, 
to neurofibromatosis in five patients and to congenital 
spinal anomalies in four patients, including one case of 
thoracocervical inclination. At the first stage, all patients 
underwent halo-pelvic traction, followed by dorsal correction 
and fixation of the deformity at the second stage. In two 
cases, ventral fixation was additionally required to achieve 
360° spondylodesis in order to reduce the risk of dorsal 
instrumentation instability. 

Patients from group 3 (n = 21) had the following features: 
•• a long-segment spinal deformity
•• spinal cord compression due to posterior or 

posterolateral spinal structures
•• absence of anterior column abnormalities.

Kyphosis was observed in 7  patients, kyphoscoliosis 
was observed in 12 patients, and scoliosis was observed in 
2  patients. In some cases, the deformity developed due to 
Jarcho–Levin syndrome, diastematomyelia, achondroplasia, 
spondyloepiphyseal dysplasia, Charcot–Marie–Tooth 
disease, Morris syndrome, and in four cases, it was related 
to neurofibromatosis. Seven patients underwent two-stage 
surgery: the first stage involved halo-traction, and the second 
stage included spinal canal decompression or remodeling 

Table 1. Distribution of patients by apex and type of spinal deformity

Kyphosis (n = 26) Scoliosis (n = 8) Kyphoscoliosis (n = 17)

Apex Number of patients Apex Number of patients Apex Number of patients

С3 3 Th3 1 Th2 1

С4 1 Th5 2 Th4 3

С5 2 Th6 2 Th5 2

С7 2 Th10 1 Th6 1

Th1 2 С4 1 Th7 1

Th3 1 C7 1 Th8 3

Th4 1 Th9 1

Th5 2 Th10 1

Th5-8 1 L1 2

Th7 1 Т12 1

Th9 2 С4 1

Th11 1 C7 1

Th12 3    

Th12-L1 1

L1 2

L2 1
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with posterior fixation of the deformity. The remaining patients 
underwent single-stage surgery, which included spinal canal 
decompression and posterior fixation of the deformity with 
minimal correction.

Primary Results
Application of the nonparametric Friedman test revealed 

statistically significant (p < 0.001) regression of neurological 
deficit before and after surgery in all study groups, as 
assessed by the ASIA scale (tactile, pain, and motor 
functions). Group 1 demonstrated a stronger correlation for 
ASIA motor (p  <  0.000204) and pain (p  <  0.000205) scores 
during the 6–12-month postoperative period. However, for 
ASIA tactile scores, a statistically significant association was 
noted only within the 12–24-month interval.

Group 2 demonstrated a statistically significant positive 
trend in neurological status (p  <  0.028), though without 
significant differences across follow-up periods, which was 
due to the absence of severe preoperative neurological deficit.

In Group 3, a statistically significant association was 
identified for postoperative motor function (p  <  0.00013), 

which increased by the 6th month and persisted up to the 
24th month (p  <  0.000061). Similar findings were observed 
for tactile and pain functions according to the ASIA scale.

Application of the Friedman test also demonstrated 
a statistically significant association between functional 
independence and neurological status changes, as assessed 
by the FIM scale, in groups 1 and 3 (p  <  0.000212 and 
p  <  0.000190, respectively). In group  2, a statistically 
significant but less pronounced association was observed 
(p < 0.037), persisting throughout all study stages, which was 
explained by the initially high functional status of this group.

Use of Cochran’s Q test revealed a statistically significant 
correlation of neurological status changes according to the 
Frankel scale across all study groups after treatment. Results 
are presented in Tables 2 and 3.

With Spearman’s rank correlation coefficient, a statistically 
significant relationship was established in group 1, 
demonstrating the influence of the initial cross-sectional area 
of the spinal cord at the site of maximal compression at the 
deformity apex on the recovery of tactile and pain functions 
(p  <  0.0415), as assessed by the ASIA scale, in the early 

DOI: https://doi.org/10.17816/vto656745
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Table 2. Changes in neurological status by age and duration of neurological deficit prior to surgery

Patient group Number of 
patients

Duration of neurological 
deficit, months Age, years Frankel score before 

surgery
Frankel score 

18 months after surgery

First 18 22.4±16.3 11.2±7.8 3.4±1.2 4.7±0.5

Second 12 14.8±8.5 13.3±6.9 3.7±0.9 4.8±0.5

Third 21 25.1±15.6 16.8±8.7 3.5±1.0 4.6±0.6

Frankel score 
before surgery

Number of 
patients

Mean duration 
of deficit (months)

Number of patients 
restored to Frankel 

B (18 months)

Number of patients 
restored to Frankel C 

(18 months)

Number of patients 
restored to Frankel D 

(18 months)

Number of patients 
restored to Frankel E 

(18 months)

Patients under 18 years (n=39)

B 10 18.5±6.2 – 2 3 5

C 12 16.2±5.8 – – 2 10

D 15 12.8±4.5 – – 1 14

E 2 8.5±3.1 – – – 2

Patients over 18 years (n=12)

B 4 30.5±8.7 – 1 2 1

C 4 28.7±7.9 – – 2 2

D 4 24.5±6.4 – – – 4

E 0 – – – – –

Table 3. Mean Hirobayashi RR (%) values for motor, tactile, and pain function after surgical intervention

Group Motor function Tactile function Pain function

Group 1 (n=18) 85.2 95.6 96.1

Group 2 (n=12) 68.3 85.2 86.1

Group 3 (n=21) 78.4 90.3 91.2

p 0.012 0.045 0.038
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postoperative period within the first 6 months (p  <  0.0329). 
In addition, a statistically significant association was found 
between the initial cross-sectional area of the spinal cord at 
the site of maximal compression at the deformity apex and 
the recovery of motor function in the late postoperative period 
within 24  months (p  <  0.0305). No statistically significant 
associations were revealed in group 2. 

The relative degree of stenosis (K%) was calculated and 
analyzed using the Wilcoxon test by groups before and after 
surgical treatment (Fig. 5).

It was noted that in patients of groups 2 and 3, the 
initial cross-sectional area of the spinal cord at the site of 
maximal compression at the deformity apex correlated with 
the changes of motor and tactile functions during the first 
6–12 months after surgery (p < 0.0355).

In group  3, an association was identified between 
postoperative changes in the kyphotic angle and the 
changes of motor (p < 0.0384), tactile (p < 0.0142), and pain 
(p < 0.0366) functions according to the ASIA scale. In group 2, 
a statistically significant association was also found between 
changes in the kyphotic angle and neurological status 
changes, but only concerning tactile and pain functions on the 
ASIA scale (p < 0.00562). This effect is explained by the less 
pronounced baseline neurological deficit and the absence of 
direct decompression of the spinal canal.

In group 1, a positive correlation was identified between 
changes in the kyphotic angle and the degree of functional 

independence of the patient before and after surgery. The 
results are presented in Fig. 6.

In all groups, a correlation was identified between 
the trends of motor function recovery on the ASIA scale 
and functional status on the FIM scale immediately after 
surgery and during the first 6–12 months of follow-up 
(p < 0.001).

An analysis was conducted to evaluate the relationship 
between the duration of neurological deficit (in months) 
prior to surgery and the trends of its recovery after surgery. 
Neurological manifestations were classified as severe 
(corresponding to groups A, B, and C on the Frankel scale) and 
mild (corresponding to groups D and E on the Frankel scale). 
This division was made because the overall cohort included 
patients with neurological deficits that did not significantly 
affect functional activity. The division into two conditional 
groups of neurological deficit is explained by the fact that 
patients of groups D and E on the Frankel scale had high 
baseline neurological status and, therefore, postoperative 
neurological status indicators (according to the ASIA scale) 
also remained high.

In pediatric patients (< 18 years) included in the study 
cohort, a significant correlation was found between the 
duration of severe neurological deficit and the degree of its 
recovery 18 months after surgery (Fig. 7).

Attention should be drawn to the strong correlation 
between the duration of severe neurological deficit and the 
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Fig. 5. Boxplot of the relative spinal stenosis ratio (CR%) before and after 
surgery: a, Group 1; b, Group 2; c, Group 3.
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trends of its recovery in group 3. The influence of deficit 
duration was particularly evident on the recovery of motor 
function, assessed by the ASIA scale, as well as on the level 
of patients’ functional independence assessed by the FIM 
scale (Figs. 8, 9).

In children, the first symptoms of neurological impairment 
progressed to clinically significant manifestations after 
an average of 13  months. In contrast, in adults the same 
manifestations developed more rapidly, within 10  months. 
Over the subsequent 16  months, neurological status 
worsened, reaching level C on the Frankel classification and 
beyond (p < 0.0388).

Fig. 6. Correlation matrix of functional independence parameters (vertical 
axis) and kyphotic deformity correction angle (horizontal axis).
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Spearman's rank correlation
rho = 0,54 p-value = 0,0253 DISCUSSION

The main objective of surgery in patients with 
neurologically complicated spinal deformities is to prevent 
further deterioration and to restore neurological status. 
Despite advances in surgical techniques for the treatment of 
spinal deformities with spinal cord compression, the choice 
of the optimal surgical approach remains a matter of debate 
[10–12].

In patients with anterior spinal cord compression com-
bined with a local angular spinal deformity due to abnormal 
formation or development of the anterior column, anterior 
spinal cord decompression and stabilization with minimal 
deformity correction are indicated. The stages of surgical 
treatment were performed in separate operative sessions. 
Typically, patients underwent dorsal stabilization with mini-
mal deformity correction at the first stage. The first stage of 
surgical treatment was preceded by halo-traction prepara-
tion. Ventral decompression and anterior stabilization of the 
deformity were performed at the second stage. In situations 
where ventral compression was present, but anatomical con-
straints precluded dorsal instrumentation, anterior decom-
pression with anterior fixation of the spinal deformity was 
performed as an alternative surgical treatment [13].

Correction of deformity and indirect decompression 
are indicated in patients with a long-segment kyphotic or 
scoliotic spinal deformity, ventral spinal canal stenosis, but 
no involvement of the posterior column. The absence of local 
spinal cord compression, the regression of neurological deficit 
during stabilization and deformity correction at the stage of 
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Fig. 7. Correlation matrix of the relationship between neurological deficit 
duration (horizontal axis) and neurological status (vertical axis) in children 
and young adults (p <0.042).

Fig. 8. Correlation matrix of the relationship between neurological deficit 
duration (horizontal axis) and motor function on the ASIA scale (vertical 
axis) in Group 3 (p <0.032). 
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Fig. 9. Correlation matrix of the relationship between neurological deficit 
duration (horizontal axis) and neurological status on the Frankel scale 
(vertical axis) in Group 3 (p <0.0077).
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patients. Spasticity decreased by 1–2 points on the Ashworth 
scale, distal limb sensitivity improved, and muscle strength 
increased by 1–2  points or movements previously absent 
appeared. This partial regression of neurological disorders 
during halo-pelvic traction is a favorable prognostic sign. The 
use of halo-traction demonstrated its effectiveness in achiev-
ing partial regression of neurological disorders. The need for 
halo-pelvic traction was justified by: 

•• spinal cord compression
•• stabilization of the deformity
•• achievement of indirect spinal cord decompression 

due to initial correction of the deformity, reduction of 
spinal cord sheath tension, and improvement of spinal 
cord microcirculation

•• the need to increase the resistance of vascular and 
myeloradicular spinal structures to traction during 
surgery. 

Improved perfusion and oxygenation of spinal cord 
tissues led to clinically observed regression of neurological 
deficit [11, 14–16]. 

Analysis of the study results showed that the magnitude 
of the deformity, namely the kyphotic component, had a sig-
nificant impact on the development of neurological deficit. 
These findings are consistent with the scientific publications 
[17]. This pattern was more pronounced in group 2 patients, 
who underwent indirect decompression due to correction 
and stabilization of the spinal deformity. Statistical analysis 
showed that stabilization and correction of the deformity 
by 30–40° from baseline created conditions for preventing 
further deterioration of neurological status and promoting 
recovery [18–20]. 

The duration of neurological deficit and patient age in-
fluenced neurological recovery after surgery. Clinically sig-
nificant neurological deficit (Frankel B, C) developed within 
14.0 ± 6.7 months in children, and within 27.9 ± 8.3 months in 
adults after the onset of the first symptoms. This pattern may 
be explained by the active growth of the spine and, conse-
quently, faster progression of the deformity. It should be em-
phasized that in all study groups, patients aged 11–20 years 
(14.2  ±  10.1  years) demonstrated the most active trends in 
regression of neurological deficit. It was associated with the 
compensatory capacity of vascular and myeloradicular struc-
tures [8].

Objective evaluation of neurological status changes was 
performed using the Hirobayashi recovery rate (Hirobayashi 
RR) (%) (see Table 3). Analysis of spinal cord function recovery 
with the Hirobayashi coefficient revealed that group 1 showed 
the best recovery outcomes across all three functions (motor, 
tactile, pain); group 3 demonstrated intermediate outcomes, 
worse than group 1 but better than group 2; group 2 had the 
lowest Hirobayashi RR (%) values across all functions. These 
study results indicate that direct spinal cord decompression 
exerts a more significant influence on functional recovery.

Individual anatomical models play an important role in 
planning the surgical approach, defining resection areas, 
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halo-traction, as well as consistent postoperative recovery of 
neurological status and the integrity of the anterior column 
allow surgeons to avoid direct decompression.

In group of patients with spinal cord compression due to 
posterior or posterolateral vertebral elements and a long-
segment spinal deformity without anterior column defects, 
posterior or posterolateral spinal cord decompression and 
stabilization with minimal deformity correction are indicated.

In all study groups, motor function and tactile sensitivity 
demonstrated one of the earliest positive trends in the 
recovery of neurological deficit following spinal canal 
decompression. Recovery was observed within the first 
6  months after surgery. Beginning at 6  months and for the 
following 18 months, pain sensitivity was restored. Recovery 
of motor function made the greatest contribution to patients’ 
functional independence as assessed by the FIM scale, which 
was reflected in improved self-care ability.

The degree of spinal cord compression (K%) had a 
significant impact on changes in neurological status. In groups 
1 and 3, spinal compression severity was greatest, correlating 
with the degree of neurological deficit. In group 2, the K% 
value was lower than in groups 1 and 3. These patients initially 
presented with less severe neurological deficits, and spinal 
deformity correction (indirect spinal cord decompression) 
contributed to the preservation of neurological status and 
reduced the risk of severe neurological deficit. 

It should be noted that halo-pelvic traction was used, al-
though in the scientific data this method of treatment is often 
considered contraindicated in patients with spinal deformities 
complicated by neurological deficit. During halo-traction, a 
partial regression of neurological deficit was observed in all 
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and localizing transpedicular screw insertion points. Their 
use enhances the accuracy of preoperative planning, which 
is particularly important for determining the volume of ver-
tebral bone resection required for adequate decompression 
of myeloradicular structures. Spatial visualization of neuro-
vascular structures minimizes the risk of their injury during 
resection and implant placement, thereby contributing to the 
personalization of the decompression zone. As a result, the 
main goal of surgery is achieved—regression of neurologi-
cal deficit with positive functional outcomes [21]. The use of 
3D models ensures a realistic anatomical representation of 
pathological regions, which contributes to a more accurate 
understanding of complex anatomical relationships, the 
determination of optimal screw insertion trajectories, 
and the volume of decompression. This is especially 
relevant in severe spinal deformities, where standardized 
approaches may be limited. For instance, in cervicothoracic 
deformities, achieving a 360° spondylodesis often requires 
an individualized approach. If dorsal stabilization can be 
performed using standard implants, ventral fixation is 
frequently associated with technical challenges or with the 
impracticality of using standard plates. In such cases, the 
manufacture of customized implants for ventral stabilization 
ensures reliable fixation even in the presence of complex 
anatomical deformities [1, 22].

CONCLUSION
Neurological deficit regression in patients with spinal 

deformities occurs within the first year after surgery. This 
ensures patients’ ability to perform self-care in daily life and 
improves their quality of life. No neurological regression 
was observed only in patients classified as Frankel grade A. 
Stabilization of the deformity and spinal cord decompression 
at the site of maximal compression (at the deformity apex) 
are the main components providing the conditions for 
neurological recovery. Deformity correction, particularly 
of the kyphotic component, influences neurological deficit 
regression. In pediatric and young patients, neurological 
deficit develops more rapidly, but likewise regresses more 
quickly after surgery. The creation of individualized spinal 
cord and spine models in 45% of cases and customized 
implants in 16% of patients confirms the necessity of a 
personalized approach to surgical treatment in a significant 
portion of this cohort.

Thus, the study confirms the importance and effective-
ness of surgical intervention in spinal deformities associated 
with neurological deficit, highlighting key factors influencing 

treatment success and patient recovery. Individualized ana-
tomical models and implants contribute to improved surgi-
cal planning accuracy, minimized risks, and better functional 
outcomes.
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