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Abstract

Introduction. The relations between quantitative MRI parameters and the severity of clinical symptoms 
in lumbar spinal stenosis (LSS) have not been sufficiently studied. Assessing this correlation may help 
determine the adequacy of the surgical technique being used.
Aim. To investigate the relationship between the dural sac cross-sectional area (DCSA) measured on MRI 
and the severity of clinical symptoms in lumbar spinal stenosis.
Materials and methods. The cross-sectional area of the dural sac was measured at four levels (upper 
endplate, disc level, lower endplate, and 2 mm above the upper endplate); the analysis was performed at 
the most stenotic level. The main clinical indicators used to evaluate the patients’ preoperative condition 
were as follows: the intensity of pain according to the visual analogue scale (VAS) in the back and lower 
limb, the Oswestry Disability Index (ODI), and walking distance (m). Both clinical and radiological 
parameters were statistically analyzed.
Results. The study analyzed data from 28 patients with lumbar spinal stenosis prior to admission to 
the clinic. The mean age was 43.9±9.5 years. The mean dural sac cross‐sectional area (DCSA), measured 
on axial T2 images at the most stenotic segment, was 128.6  ±  59.6 mm² (range: 41 to 281  mm²). 
Pre-operative clinical parameters were: pain intensity on the Visual Analogue Scale (VAS) in the back 
5.03±2.4 and in the lower limb 7.03±1.6; Oswestry Disability Index (ODI) 24.8±6.3; walking distance 
1,275.6±1,681.72  m. The MRI parameter DCSA (mm²) demonstrated a  direct correlation with walking 
distance (r=0.261; p<0.05). Correlations between DCSA and other clinical parameters were weak or 
absent; for example, DCSA vs. ODI (pre-operative) yielded r=0.152 (p>0.05).
Conclusions. When comparing most clinical indicators with MRI parameters, a  weak or no correlation 
was observed relative to generally accepted clinical assessments. A  statistically significant direct 
correlation was found only between DCSA and walking distance. Poor MRI findings do not necessarily 
correspond to poor clinical outcomes in lumbar spinal stenosis; therefore, MRI parameters should play 
a supplementary role, and excessive reliance on them in the management of lumbar spinal stenosis should 
be avoided.
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INTRODUCTION

It is known that lumbar spinal stenosis is primarily 
a  clinico-radiological concept, as clinical manifestations 
(low back and lower limb pain on exertion, neurogenic 
intermittent claudication, and limited walking ability) must 
be confirmed by morphological changes detected through 
imaging methods. Magnetic resonance imaging  (MRI) is 
currently considered the «gold standard» for diagnosis, 

as it not only identifies the degree of spinal canal stenosis 
but also allows assessment of dural sac compression, 
neural structures, and associated degenerative changes. 
MRI therefore plays a  decisive role in determining the 
indications for surgical intervention [1‑5].

Understanding the relationship between clinical 
symptoms and MRI-detected changes is crucial for 
treatment planning in patients with lumbar spinal 
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stenosis  (LSS), which is one of the leading causes of 
pain and functional limitation in adults, particularly 
among individuals exposed to increased physical load, 
such as military personnel. The dural sac cross-sectional 
area (DCSA) is widely used for quantitative assessment of 
the degree of stenosis and, according to current research, 
shows a  strong association with the severity of clinical 
symptoms  [6]. One of the largest multicenter studies in 
this field – the NORDSTEN study – demonstrated a broad 
spectrum of clinical presentations and MRI findings 
in LSS patients, highlighting the heterogeneity of both 
symptomatology and radiological patterns [7].

At the same time, several authors emphasize that the 
correlation between the degree of anatomical stenosis on 
MRI and the severity of clinical manifestations of lumbar 
spinal stenosis  (LSS) is not always direct. In particular, 
the study by Andrasinova et al. reported only a moderate 
strength of this relationship, highlighting the need for 
a  comprehensive clinico-radiological assessment  [8]. 
Against this background, there is increasing interest in 
objectifying surgical indications through quantitative 
MRI analysis. Gupta et  al. demonstrated that certain 
morphometric parameters, including DCSA, show weak 
or no correlation with clinical scales such as the VAS 
and ODI, which limits their usefulness for substantiating 
therapeutic decision-making [9].

Given the conflicting data regarding the correlation 
between morphometric features of stenosis and the 
clinical condition of patients, further analysis of the 
relationship between DCSA and clinical symptomatology 
is warranted in order to optimize diagnostic and 
therapeutic approaches in lumbar spinal stenosis.

AIM

To investigate the relationship between the dural 
sac cross-sectional area (DCSA) measured on MRI and 
the severity of key clinical symptoms in lumbar spinal 
stenosis.

MATERIALS AND METHODS

Preoperative MRI examination of the lumbar spine 
was performed in all patients (n=28) with lumbar spinal 
stenosis prior to admission to the clinic. All patients were 
male. The mean age was 43.9±9.5 (M±m) years. Lumbar 
spinal stenosis was identified at the L3–L4 level in 1 
patient (3%), at the L4–L5 level in 16 patients (48.5%), 
and at the L5–S1 level in 16 patients (48.5%).

The inclusion criteria for the study were: the 
presence of confirmed lumbar spinal canal stenosis at 
one or more levels as determined by magnetic resonance 
imaging, and the presence of corresponding clinical 
features such as low back pain, neurogenic intermittent 
claudication, and/or radicular syndrome, as well as the 
ineffectiveness of conservative treatment.

The exclusion criteria for patients included 
spinal trauma and infectious diseases, any oncological 
conditions, any systemic infections, grade III‑IV 
osteoarthritis of the knee or hip joints, as well as 
radiologically confirmed instability of the spinal motion 
segment.

The dural sac cross-sectional area was measured at 
four levels (upper endplate, disc level, lower endplate, 
and 2  mm above the upper endplate); the analysis was 
performed at the most stenotic level. To determine the 
degree of stenosis based on DCSA, the classification by 
Hamanishi  C. et  al. was used, where: in mild stenosis 
the area is >100  mm²; in relative stenosis, 75‑100  mm²; 
in absolute stenosis, 50‑75  mm²; and in critical (severe) 
stenosis, 0‑50 mm².

The main clinical parameters used to assess the 
preoperative condition of the patients were as follows: 
pain intensity on the visual analogue scale (VAS) in 
the back and lower limb, Oswestry Disability Index 
(ODI), and walking distance (m). Pain intensity was 
evaluated using the VAS (cm), and work capacity 
limitations associated with back pain were assessed 
using the Oswestry questionnaire (ODI) prior to 
surgery. The obtained ODI, which reflects the degree of 
functional impairment, was evaluated on a  scale from 0 
(no disability) to 100% (maximum disability).

Clinical and instrumental parameters were 
statistically analyzed. Statistical processing of the results 
was performed using Microsoft Excel and Statistica 8.0 
(StatSoft Inc.) software.

RESULTS

The results of pre-admission examinations were 
analyzed for 28 patients with lumbar spinal stenosis. The 
mean age was 43.9±9.5 years. The mean dural sac cross-
sectional area (DCSA), measured on axial T2‑weighted 
images at the most stenotic segment, was 128.6±59.6 mm² 
(range: 41‑281  mm²). According to stenosis severity: 
mild stenosis – area >100 mm² (n=17); relative stenosis – 
75‑100 mm² (n=5); absolute stenosis – 50‑75 mm² (n=3); 
and critical (severe) stenosis – 0‑50 mm² (n=3).

Pain intensity according to the VAS was 5.03±2.4 
in the back and 7.03±1.6 in the lower limb; the Oswestry 
Disability Index was 24.8±6.3, and the walking distance 
was 1,275.6 ±1,681.72 m.

Correlation analysis between clinical parameters and 
quantitative MRI measurements in lumbar spinal stenosis 
revealed the following: the MRI parameter DCSA (dural 
sac cross-sectional area, mm²) showed a direct correlation 
with walking performance and distance covered, with 
r=0.261 (p<0.05) (Fig.  1). This indicates that narrowing 
of the spinal canal partially affects, specifically reduces, 
patients’ ability to walk long distances.
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Figure 1. Correlation analysis between MRI parameters (DCSA, mm²) and walking distance in lumbar spinal stenosis.

When comparing other parameters, the correlations 
were weak or absent. Specifically, the correlation between 
the MRI parameter DCSA and the Oswestry Disability 
Index (preoperative) was r=0.112 (p>0.05); correlation 

analysis between range of motion and MRI DCSA showed 
a weak negative correlation of r= –0.152 (p>0.05); and no 
correlation was found between the MRI DCSA and leg 
pain (r=0.01, p>0.05) (Fig. 2).
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Figure 2. Correlation analysis between MRI parameters (DCSA, mm²) and the Oswestry 
Disability Index in lumbar spinal stenosis. 
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Figure 2. Correlation analysis between MRI parameters (DCSA, mm²) and the Oswestry Disability Index in lumbar spinal stenosis.

Thus, when comparing most clinical indicators with 
MRI parameters, a  weak or no correlation was observed 
relative to generally accepted clinical assessments. 
Therefore, poor MRI findings do not necessarily indicate 
poor clinical outcomes in lumbar spinal stenosis; hence, 
MRI parameters should serve a  supplementary role, and 
excessive reliance on them in the treatment of lumbar 
spinal stenosis should be avoided.

DISCUSSION

In the study by Aaen et  al.  (2022), conducted 
within the framework of the prospective multicenter 
NORDSTEN project, clinical and MRI data of patients 
with lumbar spinal stenosis  (LSS) were analyzed, 
allowing identification of key morphological and 
symptomatic characteristics of the condition. The authors 
found that the severity of clinical manifestations does not 

always correlate with the degree of stenosis observed on 
MRI, which is consistent with our findings. Notably, even 
in cases of moderate stenosis, patients may experience 
significant functional limitations, underscoring the 
importance of a  comprehensive assessment that includes 
functional scales and quality-of-life measures.

An important issue that continues to be actively 
discussed in the literature is the presence or absence of 
a  clear correlation between the morphological severity 
of lumbar spinal stenosis  (LSS) on MRI and its clinical 
manifestations. In the study by Andrasinova et al. (2018), 
it was shown that the degree of stenosis assessed by 
radiological and MRI criteria is not always directly related 
to the severity of symptoms or the extent of functional 
limitation in patients. The authors concluded that the 
relationship between radiological findings and clinical 
presentation may be only weak or moderate, which is 
consistent with the results of our study. This is further 
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supported by Gupta et  al.  (2022), who, when analyzing 
clinical data and comparing them with eight quantitative 
MRI parameters in 82 patients, noted poor or absent 
correlations relative to standard clinical assessments for 
most MRI parameters.

Our study confirmed the importance of objectively 
assessing the degree of stenosis on MRI in conjunction 
with clinical symptomatology. The findings of Yang 
et  al.  (2023) support this approach, showing that 
combining morphometric and visual MRI indicators – 
particularly DCSA – has high diagnostic value and allows 
for more accurate prediction of functional outcomes after 
decompression surgery.

When assessing dynamic changes in the 
dimensions of the dural sac in patients with LSS during 
the transition from the supine to the standing position 
and their relationship with clinical symptoms, it was 
found that MRI performed in the standing position 
provides more radiological information that correlates 
with clinical symptoms than MRI performed in the 
supine position  [10]. Specifically, the dural sac size on 
MRI significantly decreased when patients moved from 
the supine to the standing position. Standing MRI and 
changes in DCSA were significantly correlated with 
claudication distance and leg pain scores on the VAS in 
patients with LSS.

Kanno H. et al. studied the dynamic changes in the 
dural sac cross-sectional area using axial MRI and found 
that variations in DCSA significantly correlated with 
symptom severity, which conventional MRI could not 
detect. The authors concluded that MRI with axial loading 
provides more valuable information than standard MRI 
for evaluating patients with lumbar spinal stenosis [11].

Caprariu R., Oprea M. D., Poenaru D. V. et al. [12] 
found that certain radiological markers showed weak to 
moderate correlation with baseline ODI scores. Moreover, 
the severity of spinal canal stenosis was not a predictor of 
ODI one year after surgery. This highlights the inherent 
limitations of assessing functional outcomes in LSS 
patients solely based on radiological severity indicators. 
The radiological severity of LSS does not have a  clear 
clinical correlation with preoperative disability and pain 
and therefore should not be overemphasized in clinical 
decision-making [13].

The results of our study revealed a  statistically 
significant direct relationship between the dural sac 
cross-sectional area (DCSA) measured on MRI and the 
severity of clinical manifestations in patients with lumbar 
spinal stenosis. In particular, the strongest correlation was 
observed between DCSA and walking distance (r=0.261; 
p<0.05), indicating a  limited but statistically significant 
impact of stenosis severity on functional capacity 
for prolonged daily activity. Thus, the «neurogenic 
intermittent claudication syndrome» demonstrates the 

highest specificity in the clinical assessment of lumbar 
spinal stenosis.

At the same time, other clinical parameters – 
including pain intensity on the VAS (in the back and lower 
limb) and the Oswestry Disability Index (ODI) – showed 
weak or no correlation with morphometric changes. 
Additionally, it is worth noting the measurement 
methodology for DCSA used in our study, which 
accounted for four levels on axial T2‑weighted images, 
thereby improving accuracy and reproducibility of the 
results. However, the mean DCSA value in our cohort 
(128.6±59.6 mm²) was higher than the generally accepted 
threshold for severe stenosis (<75  mm²), which likely 
explains the absence of a  strong correlation with clinical 
symptoms, as our patient group consisted of relatively 
young male individuals subjected to high physical loads.

Despite the recognized diagnostic value of MRI in 
detecting stenosis, the findings of our study highlight the 
limitations of this method in assessing the severity of 
functional deficit. The possible reasons include individual 
anatomical variations (such as vertebral canal width and 
the positioning of neural structures); the dynamic nature 
of symptoms (which are not captured on standard supine 
MRI); the influence of concomitant degenerative changes 
(facet joint arthrosis, ligamentum flavum hypertrophy); 
as well as psycho-emotional factors and individual pain 
sensitivity.

Thus, poor MRI findings do not necessarily 
indicate poor clinical outcomes in lumbar spinal stenosis. 
Therefore, MRI parameters should play a  supplementary 
role, and excessive reliance on them in the management of 
lumbar spinal stenosis should be avoided.

CONCLUSIONS

1.	 The study identified a  direct, statistically 
significant relationship between the dural sac cross-
sectional area and functional limitation (walking distance) 
in patients with lumbar spinal stenosis.

2.	 The correlation between the dural sac cross-
sectional area and other clinical parameters was weak or 
absent, confirming the limited prognostic value of MRI 
indicators.

3.	 MRI morphometric data play a  supplementary 
but not decisive role in clinical decision-making 
and should be interpreted within the context of 
a comprehensive patient assessment.

4.	 Excessive reliance on the dural sac cross-
sectional area as the sole marker of lumbar spinal stenosis 
severity may lead to misinterpretation of the clinical 
condition and unjustified treatment decisions.

5.	 Further research with a larger sample size and the 
use of dynamic (positional) MRI is warranted.
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Perspectives for further research. Further studies 
should aim to establish standardized threshold values for 
the dural sac area that would allow, with high sensitivity 
and specificity, prediction of the severity of clinical 
manifestations and the need for surgical intervention.

In most studies, DCSA is evaluated in the supine 
position; however, clinical symptoms are often provoked 
in the upright position or during walking. A  promising 
direction is the investigation of DCSA correlation under 
dynamic conditions (e. g., during standing or weight-
bearing MRI) with the severity of neurogenic intermittent 
claudication.
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Резюме

ЗВ’ЯЗОК МІЖ ПЛОЩЕЮ ПОПЕРЕЧНОГО ПЕРЕРІЗУ ДУРАЛЬНОГО МІШКА ЗА ДАНИМИ МРТ ТА ТЯЖКІСТЮ 
КЛІНІЧНИХ СИМПТОМІВ ПРИ ПОПЕРЕКОВОМУ СТЕНОЗІ ХРЕБТА
Дмитро В. Улещенко1, Леонід О. Бублик1, Михайло М. Душний2, Василь І. Меленко1, Андрій В. Шевчук1

1Державна установа «Інститут травматології та ортопедії Національної академії медичних наук України», м. Київ, Україна
2КП «Рівненська обласна клінічна лікарня ім. Юрія Семенюка» РОР, м. Рівне, Україна

Вступ. Питання взаємозв’язку між кількісними показниками за даними МРТ та тяжкістю клінічних симптомів 
при поперековому спінальному стенозі (ПСС) вивчено недостатньо. Оцінка цієї залежності може допомогти 
визначити адекватність оперативної техніки, що використовується.
Мета. Дослідити взаємозв’язок між площею поперечного перерізу дурального мішка (DCSA) за даними МРТ та 
тяжкістю клінічних симптомів при поперековому спінальному стенозі.
Матеріали та методи. Площа поперечного перерізу дурального мішка була виміряна на чотирьох рівнях 
(верхня замикальна пластинка, рівень диску, нижня замикальна пластинка та на 2  мм від верхньої 
замикальної пластинки); аналіз результатів проводився на максимально стенозованому рівні. Основні 
клінічні показники, за якими проводився аналіз стану пацієнтів до операції були наступні: інтенсивність 
больового синдрому за візуально-аналоговою шкалою (ВАШ) у спині та нижній кінцівці, індекс інвалідності 
Oswestry, дистанція ходьби (м). Клінічні та рентгенологічні параметри були статистично проаналізовані.
Результати. Проаналізовано результати досліджень 28 пацієнтів з  поперековим спінальним стенозом до 
надходження в клініку. Середній вік становив 43,9±9,5 років. Середня DCSA, виміряна на аксіальних зображеннях 
T2 в найбільш звуженій частині, склала (128,6±59,6) мм2 (в діапазоні від 41 до 281). Інтенсивність больового 
синдрому за ВАШ складала: (5,03±2,4) у  спині та (7,03±1,6) у  нижній кінцівці; індекс інвалідності Oswestry – 
(24,8±6,3); дистанція ходьби – (1275,6±1681,72) м. Оцінка показника МРТ DCSA (мм2) показала пряму кореляцію 
з ходою та проходженням дистанції на рівні r=0,261 (p<0,05). При порівнянні інших показників кореляція була 
слабка чи відсутня, відповідно показник МРТ DCSA та Oswestry (до операції) r=0,152 (p>0,05).
Висновки. При порівнянні більшості клінічних показників та параметрів МРТ було відзначено слабку 
кореляцію або її відсутність порівняно із загальноприйнятими клінічними оцінками, пряма кореляція 
в  достовірних межах виявлена лише між DCSA і  дистанцією ходьби. Погані результати МРТ необов’язково 
означають погані клінічні оцінки ПСС, тому у пацієнтів роль параметрів МРТ повинна бути додатковою і слід 
уникати надмірної залежності від них при лікуванні поперекового спінального стенозу.

Ключові слова: поперековий спінальний стеноз, площа поперечного перерізу дурального мішка, МРТ, 
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