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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 mm? (range: 41 to 281 mm?).
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 (mm?) 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,
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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.
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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 mm?; in relative stenosis, 75-100 mm?;
in absolute stenosis, 50-75 mm?; and in critical (severe)
stenosis, 0-50 mm?.

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 43.94£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 mm?
(range: 41-281 mm?). According to stenosis severity:
mild stenosis — area >100 mm? (n=17); relative stenosis —
75-100 mm? (n=5); absolute stenosis — 50-75 mm? (n=3);
and critical (severe) stenosis — 0-50 mm? (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, mm?) 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, mm?) 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
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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, mm?) 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

78

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
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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 mm?) was higher than the generally accepted
threshold for severe stenosis (<75 mm?), 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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Pe3rome

3B’A30K MK NNOLLIEKO NONEPEYHOI O MEPEPI3Y OYPAJIBHOIO MILLKA 3A JAHUMU MPT TA TAXKICTIO
KNIHIYHUX CUMOTOMIB NPU NOMEPEKOBOMY CTEHO3I XPEBTA
Omutpo B. Ynewerko', Jleonia O. By6nuk!, Muxaino M. Oywnuir?, Bacunsb . MeneHko', AHapiii B. LeBuyk!

1[lepxaBHa ycTaHoBa «IHCTUTYT TpaBMaTonorii Ta opToneaii HawioHanbHoi akagemii MeguyHux Hayk Ykpaituy, M. Kuis, YkpaiHa
2K «PiBHEHCHKa 0briacHa kniHivHa nikapHst im. KOpis CemeHioka» POP, m. PisHe, YkpaiHa

Bceryn. [InTaHHA B3a€MO3B’'sI3Ky MiX KIJIbKICHUMM TOKa3HUKaMH 3a JaHUMHU MPT Ta TSXKKiCTIO KJIiHIYHUX CHMIITOMIB
Npu nonepexkoBoMy crniHaibHOMy cTeHo3i (IICC) BUBYeHO HejocTaTHbO. OIjiHKa Lii€i 3a/Ie)KHOCTI MOXKe AOMOMOITH
BU3HAYUTH aJleKBaTHICTb OllepaTUBHOI TEXHIKH, 110 BAKOPUCTOBYEThCS.

MerTa. [loc/iAUTH B3aEMO3B 130K MiXK IJIOLIE0 MONIepeYHOro nepepisy aypanbHoro mimka (DCSA) 3a ganumu MPT ta
TSDKKICTIO KJIIHIYHUX CHMIITOMIB [IPU NONIEPEKOBOMY CIIHAJIbHOMY CTEHO3I.

Marepianu Ta Metoau. [ljoma nonepeyHoro mnepepisy AypajsbHOro Milka Oysa BUMipsHa Ha YOTHPbOX PiBHAX
(BepxHA 3aMHMKaJbHA IJIACTUHKA, piBeHb JUCKY, HI)KHS 3aMHKaJbHAa IUIaCTUHKAa Ta Ha 2 MM BiJ BepXHbOI
3aMHUKaJbHOI IJIACTUHKH); aHaji3 pe3y/]bTaTiB NPOBOAMUBCI Ha MaKCHMaJbHO CTeHO30BaHOMY DpiBHi. OcHOBHi
KJIIHIYHI OKA3HUKH, 3a SKUMHU NPOBOAUBCS aHaJli3 CTaHy MAalieHTIB [0 omepauii 6yJy HACTYIHi: iHTEHCUBHICTb
60JIbOBOTO CUHJPOMY 3a Bi3yaJibHO-aHa/I0roBow MiKanow (BAI) y cnuni Ta HMkKHIN KiHLIiBLi, iHAeKC iHBasliAHOCTI
Oswestry, auctaHIis Xxoab6u (M). KyiHiuHi Ta peHTreHos10TiYHI napaMeTpy 6yJIM CTaTUCTUYHO IPOaHasli30BaHi.
PesyabraTti. [IpoaHasizoBaHO pesyjnbTaTH JOCTi[XKeHb 28 Nali€HTIB 3 NONMEepPeKOBHUM CIIiIHAJBHHM CTEHO30M [0
HaJxo/pKeHHs B KJIiHiKy. CepefHiii Bik craHoBUB 43,9+9,5 pokiB. CepeHst DCSA, BUMipsiHa Ha aKciaTbHUX 306 pXKEHHAX
T2 B Hall6inbII 3ByKeHil yacTHHI, ckyana (128,6+£59,6) MM2 (B AianasoHi Big 41 go 281). IHTeHCHBHICTb 601b0BOTO
cungpomy 3a BAIIl cknagana: (5,03+2,4) y cnuHi Ta (7,03+1,6) y HKHINA KiHLiBLi; iHAeKc iHBasmigHOCTI Oswestry —
(24,8+6,3); aucraHuis xoab6u — (1275,6+1681,72) M. Ouinka nokazHuka MPT DCSA (MM?) mokasasia mpsiMy KOpeJisLito
3 XOZI0I0 Ta MPOXO/PKEHHAM JAucTaHLil Ha piBHI r=0,261 (p<0,05). [Ipu nopiBHsHHI iHIIKMX MOKAa3HUKIB KOpeJsLisa 6y/1a
cnabka uu BiacyTH, BignoBigHo nokasHuk MPT DCSA ta Oswestry (mo onepanii) r=0,152 (p>0,05).

BucHoBKH. [Ipy nopiBHAHHI 6igbmiocTi K/IiHIYHMX NOKa3HUKIB Ta mapameTrpiB MPT Gysio Bif3HaueHO c1abKy
KopeJsililo a6o ii BiACYTHICTb NMOpPiBHAHO i3 3araJibHONPUUHATUMHM KJAIHIYHMMHM OLIiHKaMM, OpsiMa KopeJsLis
B JIOCTOBiIpHHMX Mexax BUsiBJeHa Jidie Mixk DCSA i gucranuiero xoab6u. [loraHi pesynbratd MPT Heo60B's13K0OBO
03HavalTb noraxi kiaiHiyHi ouinku [1CC, ToMy y nauieHTiB poJib napaMeTpiB MPT noBuHHa 6yTH AOLATKOBOIO i CJIif,
YHUKATHU HaZAMIipHOI 3aJIe2KHOCTI Bifi HUX IIPH JIIKyBaHHI [10N1€pEeKOBOT0 CIiHAJIBHOTO CTEHO3Y.

Kalo4oei ca0ea: nonepekoBUM CliHaJIbHUH CTE€HO3, IJIOLIA NONEPEYHOro nepepisy aypaabHoro mimka, MPT,
6i/1b y monepexky
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