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Abstract 7 

Background: To evaluate the association between magnetic resonance imaging (MRI) findings, lumbar spine 8 

morphometric parameters, and functional disability in patients with lumbar spinal stenosis (LSS). 9 

Methods: In this retrospective observational study, patients with MRI-confirmed LSS were evaluated using 10 

axial T2-weighted MRI. Imaging findings, including central stenosis, lateral recess stenosis (LRS), facet joint 11 

effusion (FJE), and sedimentation sign, were assessed. Quantitative morphometric measurements of the dural 12 

sac, spinal canal, and lateral recess were obtained. Functional disability was evaluated using the Oswestry 13 

Disability Index (ODI). Associations between MRI findings, morphometric parameters, ODI scores, and 14 

symptom categories were analyzed. 15 

Results: Central stenosis and LRS were significantly associated with higher ODI scores and symptom 16 

categories (both p < 0.0001), whereas FJE and the sedimentation sign showed no significant associations. ODI 17 

demonstrated significant negative correlations with total spinal canal cross-sectional area (r = −0.6965), dural 18 

sac cross-sectional area (r = −0.6549), and transverse dural sac diameter (r = −0.5863). Morphometric threshold 19 

analysis identified severe stenosis at a dural sac cross-sectional area <0.201 cm² and a total spinal canal cross-20 

sectional area <0.04 cm². 21 

Conclusions: Quantitative MRI morphometric parameters demonstrated significant associations with 22 

functional disability in patients with LSS. Objective measurements of the dural sac and spinal canal may 23 

complement conventional MRI grading and assist in evaluating disease severity and clinical decision-making. 24 

Keywords: Lumbar spinal stenosis; Magnetic resonance imaging; Morphometry; Dural sac; Oswestry 25 

Disability Index; Lateral recess stenosis; Functional disability. 26 

Introduction 27 

Lumbar spinal stenosis (LSS) is one of the most common degenerative disorders of the spine and a leading cause of 28 

pain, neurogenic claudication, and functional disability among older adults. It results from narrowing of the central 29 

spinal canal, lateral recess, or neural foramina, leading to compression of neural and vascular structures and substantial 30 

impairment in mobility and quality of life [1–3]. 31 
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Magnetic resonance imaging (MRI) is the imaging modality of choice for evaluating LSS because of its superior soft-1 

tissue contrast and ability to accurately demonstrate spinal canal narrowing and neural element compression [3–5]. 2 

However, imaging findings frequently do not correlate well with the severity of clinical symptoms, as radiological 3 

evidence of stenosis may also be present in asymptomatic individuals [4–6]. Consequently, establishing objective 4 

imaging markers that better reflect functional impairment remains a clinical challenge. 5 

Conventional MRI assessment primarily relies on qualitative grading systems, including central stenosis, lateral recess 6 

stenosis (LRS), facet joint effusion (FJE), and the sedimentation sign [7–11]. More recently, quantitative MRI 7 

morphometric parameters, such as dural sac cross-sectional area, spinal canal dimensions, and lateral recess 8 

measurements, have emerged as objective indicators of stenosis severity. Nevertheless, their association with functional 9 

disability and symptom severity remains incompletely understood, and clinically useful morphometric thresholds have 10 

not been well established. 11 

Therefore, this study aimed to investigate the association between qualitative MRI findings, quantitative lumbar spine 12 

morphometric parameters, and functional disability measured using the Oswestry Disability Index (ODI) in patients with 13 

lumbar spinal stenosis. In addition, we sought to identify morphometric parameters that may complement conventional 14 

MRI assessment in the objective evaluation of disease severity. 15 

Materials and Methods 16 

Study Design and Sample Size Calculation  17 

This retrospective observational study evaluated patients with lumbar spinal stenosis (LSS) who underwent lumbar spine 18 

magnetic resonance imaging (MRI) in the Department of Radiodiagnosis. Patients presenting with gluteal and/or lower 19 

extremity pain, numbness, or neurogenic claudication and MRI findings consistent with LSS were eligible for inclusion. 20 

Patients with contraindications to MRI, previous spinal surgery, or a history of spinal trauma were excluded. The 21 

minimum sample size was estimated using the standard formula for prevalence studies, and 50 patients were included 22 

in the final analysis. The sample size was calculated using the following formula (1): 23 𝑁 = �2∗�∗(1−�)�2                                                                                                                                        (1) 24 

Substituting the values: For practical purposes, the final sample size was rounded to 50 patients. 25 

Inclusion Criteria  26 

Patients presenting for MRI of the lumbar spine to the Department of Radio diagnosis who met the following 27 

criteria were included: 28 

• Presence of gluteal and/or lower extremity pain, numbness, and/or neurogenic claudication. 29 

• MRI findings consistent with lumbar spinal canal stenosis. 30 
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Exclusion Criteria  1 

Patients were excluded if they had any of the following: 2 

• General contraindications for MRI. 3 

• History of previous spine surgery. 4 

• History of spinal trauma. 5 

Method of Data Collection  6 

Data were collected prospectively from patients undergoing MRI scans at the Department of Radio diagnosis. MRI 7 

images were reviewed and classified by two independent radiologists to ensure interobserver reliability. Clinical data, 8 

including patient demographics, symptoms, and self-reported questionnaire responses, were recorded in a structured 9 

data collection form given below. 10 

MRI Protocol and Imaging Analysis  11 

Axial T2-weighted MRI images from L1 to S1 evaluated the dimensions of the spinal canal. Central stenosis was 12 

classified from A to D according to the appearance of cerebrospinal fluid and rootlet (Fig S1). Lateral recess stenosis 13 

varied from Grade 0 (normal) to Grade 3 (severe compression) (Fig S2). Facet joint effusion was classified from 0 to 2 14 

based on effusion size (Fig S3). The Sedimentation Sign was negative when nerve roots were positioned below the 15 

midpoint of the spinal canal and positive when the roots remained compressed above this point (Fig S4). 16 

Clinical Assessment and Self-Reported Questionnaire  17 

A standardized questionnaire that was self- administered was employed to categorize LSS according to symptoms. A 18 

score of 4 on questions 1–4 showed LSS, but a score of 4 on questions 1–4 combined with a "No" response to questions 19 

5–10 indicated radicular LSS. Neurogenic claudication was indicated by a yes response to a minimum of one of questions 20 

1–4 and two of questions 5–10. Symptoms comprised numbness or pain in the legs, aggravated by walking or standing, 21 

reduced by rest or forward bending. 22 

Ethical Considerations  23 

The study was conducted in accordance with the ethical guidelines set by the institutional review board (IRB). Written 24 

informed consent was obtained from all participants. Patient confidentiality and data protection were ensured throughout 25 

the study. 26 

Statistical Analysis  27 

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, 28 

USA). Continuous variables are presented as mean ± standard deviation (SD), whereas categorical variables are expressed 29 

as frequencies and percentages. Associations between categorical variables were assessed using the Chi-square test. 30 

Correlation analysis was performed to evaluate the relationship between Oswestry Disability Index (ODI) scores and 31 
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lumbar spine morphometric parameters. A two-tailed p value < 0.05 was considered statistically significant. 1 

Results 2 

 3 

Results 4 

Demographic Characteristics of the Study Population 5 

Among the 50 patients included in the study, females accounted for 52% and males for 48%. The majority 6 

of patients (44%) belonged to the 51–70-year age group, followed by the 36–50-year group (36%), while the 7 

18–35-year group represented the smallest proportion (20%). An equal distribution of males and females was 8 

observed in the 36–50-year age group, whereas the youngest age group showed a slight male predominance 9 

(Fig. 1). 10 

Association of Oswestry Disability Index (ODI) Scores with MRI Findings 11 

Fig. 2A demonstrates a significant association between central stenosis grade and ODI score (χ² = 33.94, p < 12 

0.0001). Grade 0 central stenosis was predominantly associated with moderate disability, whereas Grades 1 13 

and 2 were more frequently associated with severe and crippled disability. Most patients with Grade 3 14 

stenosis belonged to the crippled disability category. 15 

Similarly, lumbar recess stenosis (LRS) showed a significant association with ODI score (χ² = 45.96, p < 16 

0.0001) (Fig. 2B). Grade 0 LRS was primarily associated with mild disability, whereas Grade 3 LRS was 17 

predominantly observed in patients with crippled disability, indicating increasing functional impairment with 18 

greater stenosis severity. 19 

In contrast, neither facet joint effusion (FJE) nor the sedimentation sign demonstrated significant associations 20 

with ODI scores (Fig. 2C and Fig. 2D). The distribution of disability categories was comparable across FJE 21 

grades (p = 0.36), and no significant relationship was observed between the sedimentation sign and ODI 22 

scores (p = 0.663). 23 

Overall, central stenosis and LRS were significantly associated with increasing functional disability, whereas 24 

FJE and the sedimentation sign showed no significant relationship with ODI scores. 25 

Association between MRI Findings and Symptom Categories 26 

A significant association was observed between central stenosis grade and symptom category (χ² = 36.78, p 27 

< 0.0001) (Fig. 3A). Grade 0 central stenosis was predominantly associated with typical LSS symptoms, 28 

whereas higher grades were more frequently associated with radicular and neurogenic symptoms. No patients 29 

with Grade 3 central stenosis presented with typical LSS symptoms. 30 
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Lumbar recess stenosis also demonstrated a significant association with symptom category (χ² = 20.48, p = 1 

0.002) (Fig. 3B). Higher LRS grades were increasingly associated with radicular and neurogenic symptoms, 2 

while typical LSS symptoms were less frequent in advanced grades. 3 

No significant associations were identified between FJE grade and symptom category (p = 0.5419) or 4 

between the sedimentation sign and symptom category (p = 0.50) (Fig. 3C and Fig. 3D). The distribution of 5 

symptom patterns was similar irrespective of FJE grade or sedimentation sign status. 6 

These findings indicate that central stenosis and LRS are significantly associated with symptom severity, 7 

whereas FJE and the sedimentation sign have limited value in predicting the clinical presentation of LSS. 8 

Correlation among Lumbar Spine Morphometric Parameters 9 

The relationships among lumbar spine morphometric parameters are presented in Table 1. Total cerebrospinal 10 

(CS) area demonstrated strong positive correlations with dural sac dimensions, indicating that dural sac 11 

morphology is a major determinant of spinal canal area. The anteroposterior and transverse dural sac 12 

diameters also showed strong positive correlations with total CS area. Lateral recess depth and angle were 13 

moderately correlated with dural sac dimensions and strongly correlated with each other, reflecting their 14 

coordinated contribution to nerve root accommodation. In contrast, ligamentous interfacet distance 15 

demonstrated relatively weaker correlations with cross-sectional canal measurements but showed moderate 16 

associations with lateral recess depth. 17 

Correlation between ODI and Lumbar Spine Morphometric Parameters 18 

The correlations between ODI scores and lumbar spine morphometric measurements are summarized in 19 

Table 2. ODI demonstrated significant negative correlations with total CS area (r = −0.6965), dural sac CS 20 

area (r = −0.6549), and transverse dural sac diameter (r = −0.5863), indicating that smaller spinal canal 21 

dimensions were associated with greater functional disability. Moderate negative correlations were also 22 

observed for lateral recess area, depth, and angle, while weaker negative correlations were found for 23 

anteroposterior dural sac diameter and ligamentous interfacet distance. 24 

Dimensions of the Spinal Canal and Severity of Stenosis 25 

The descriptive statistics and critical reference values for lumbar spinal canal morphometric parameters are 26 

presented in Table 3. The mean dural sac cross-sectional area was 0.555 cm², with a lower reference limit of 27 

0.201 cm² suggestive of severe stenosis. The mean anteroposterior and transverse dural sac diameters were 28 

6.25 mm and 10.11 mm, respectively, with lower reference limits of 3.26 mm and 4.62 mm. The lateral recess 29 

cross-sectional area averaged approximately 0.05 cm² bilaterally, with lower limits approaching zero, 30 

indicating near-complete recess obliteration in severe stenosis. The mean total CS area was 0.66 cm², with a 31 



6  

lower reference limit of 0.04 cm². Based on coefficient of stenosis estimations, moderate-to-severe spinal 1 

canal narrowing corresponded to reductions of 48% in anteroposterior diameter, 54% in transverse diameter, 2 

64% in dural sac area, and 94% in total CS area.3 

4 
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Discussion 1 

The present study evaluated the relationship between MRI findings, lumbar spine morphometric parameters, and 2 

functional disability in patients with lumbar spinal stenosis (LSS). The study population demonstrated an almost 3 

equal sex distribution, with a slightly higher proportion of females, while most patients were between 51 and 70 4 

years of age. These findings are consistent with previous studies reporting an increased prevalence of LSS among 5 

older adults, particularly those aged over 60 years, highlighting the contribution of age-related degenerative 6 

changes to disease progression [12,13]. 7 

A key finding of the present study was the significant association of both central stenosis and lateral recess stenosis 8 

(LRS) with increasing Oswestry Disability Index (ODI) scores. Patients with higher grades of stenosis 9 

demonstrated greater functional impairment, supporting previous reports that central and lateral recess narrowing 10 

are closely associated with disability and reduced walking capacity [14,15]. In contrast, neither facet joint effusion 11 

(FJE) nor the sedimentation sign showed significant associations with ODI scores. Similar observations have been 12 

reported by Barz et al. [16] and Fujiwara et al. [17], suggesting that although these MRI findings may accompany 13 

degenerative spinal disease, their value as independent indicators of functional disability remains limited [18–20]. 14 

These findings reinforce the clinical importance of grading central and lateral recess stenosis during MRI 15 

evaluation. 16 

The present study also demonstrated significant associations between MRI findings and clinical symptom patterns. 17 

Higher grades of central stenosis were associated with neurogenic and radicular symptoms, whereas lower grades 18 

were predominantly observed in patients with typical LSS symptoms. Similarly, increasing LRS severity was 19 

associated with radicular and neurogenic symptom categories. These findings are consistent with previous studies 20 

reporting that symptom severity increases with progressive central and lateral recess stenosis [12,18,21]. 21 

Conversely, FJE and the sedimentation sign were not significantly associated with symptom categories, despite 22 

previous reports describing a higher prevalence of these findings in symptomatic individuals [12,22]. Collectively, 23 

these results suggest that central stenosis and LRS are more reliable MRI markers of the clinical presentation of 24 

LSS than auxiliary imaging findings. 25 

Correlation analysis demonstrated strong positive relationships among the principal morphometric parameters of 26 

the lumbar spinal canal. Dural sac cross-sectional area showed an excellent correlation with total canal area and 27 

strong correlations with both anteroposterior and transverse dural sac diameters, confirming that these 28 

measurements collectively reflect the degree of spinal canal narrowing. The lateral recess depth and angle were 29 

also strongly correlated, indicating their complementary role in assessing nerve root accommodation. In contrast, 30 

ligamentous interfacet distance demonstrated relatively weak correlations with central canal dimensions, 31 
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suggesting a limited contribution to central stenosis. These observations support the value of comprehensive 1 

morphometric assessment during MRI interpretation and preoperative evaluation. 2 

An important finding of this study was the significant inverse relationship between ODI scores and quantitative 3 

lumbar morphometric parameters, particularly total canal area, dural sac cross-sectional area, and transverse dural 4 

sac diameter. These findings indicate that progressive reduction in spinal canal dimensions is associated with 5 

greater functional disability and are consistent with the observations of Hughes et al. [23], who reported similar 6 

inverse relationships between morphometric measurements, stenosis coefficients, and disability. The moderate 7 

correlations observed for lateral recess measurements further emphasize their contribution to symptomatic 8 

stenosis. Collectively, these findings suggest that quantitative MRI morphometry may complement conventional 9 

qualitative grading by providing objective indicators of disease severity that could assist clinical assessment and 10 

surgical decision-making. 11 

The morphometric analysis also demonstrated considerable variability in lumbar spinal canal dimensions, 12 

particularly within the dural sac and lateral recesses. Several measurements approached the calculated lower 13 

reference limits, indicating severe canal narrowing. Similar anatomical variability has been reported in previous 14 

morphometric studies of both healthy individuals and patients with spinal stenosis [24–27]. These findings 15 

highlight the importance of establishing quantitative reference values to improve the objective assessment of 16 

stenosis severity and facilitate standardized MRI evaluation in patients with LSS. 17 

Limitations 18 

This study has a few limitations. It was a single-center retrospective study with a relatively small sample size, 19 

which may limit the generalizability of the findings. In addition, postoperative outcomes and long-term follow-up 20 

were not evaluated, and interobserver reliability of MRI measurements was not assessed. Therefore, larger 21 

prospective multicenter studies are needed to validate these findings. 22 

Conclusion 23 

In conclusion, quantitative MRI morphometric parameters, particularly total spinal canal area, dural sac cross-24 

sectional area, and transverse dural sac diameter, demonstrated significant associations with functional disability 25 

in patients with lumbar spinal stenosis. Central stenosis and lateral recess stenosis were significantly associated 26 

with both disability severity and symptom patterns, whereas facet joint effusion and the sedimentation sign 27 

showed limited clinical relevance. These findings suggest that quantitative morphometric assessment may 28 

complement conventional qualitative MRI grading by providing objective measures of stenosis severity. 29 

Incorporating these parameters into routine MRI evaluation may improve the assessment of disease severity and 30 

support clinical decision-making in patients with lumbar spinal stenosis. Further prospective multicenter studies 31 
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with larger cohorts and longitudinal follow-up are warranted to validate these findings and establish clinically 1 

relevant morphometric thresholds.  2 
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Figure Legends 1 

Fig. 1 Demographic characteristics of the study population. (A) Age and sex distribution of the study participants. 2 

(B) Age distribution of the study participants. 3 

Fig. 2 Association between Oswestry Disability Index (ODI) scores and MRI findings. (A) Central stenosis. (B) 4 

Lateral recess stenosis (LRS). (C) Facet joint effusion (FJE). (D) Sedimentation sign. 5 

Fig. 3 Association between MRI findings and symptom categories. (A) Central stenosis grades. (B) Lateral recess 6 

stenosis (LRS) grades. (C) Facet joint effusion (FJE) grades. (D) Sedimentation sign. 7 
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Tables 1 

Table 1: Correlation Analysis of Lumbar Region Morphometric Parameters 2 
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Total CS 

area(DS+ 

LR) cm2 

 

0.95

89 

 

0.7311 

 

0.7127 

 

0.4016 

 

0.7495 

 

0.7478 

 

1 

 

0.6642 

 

0.7016 

 

0.5696 

 

0.5498 

Depth of LR 

Right(mm 

) 

 

0.54

83 

 

0.8213 

 

0.5135 

 

0.4896 

 

0.5764 

 

0.5712 

 

0.6642 

 

1 

 

0.6605 

 

0.8988 

 

0.5588 

Depth of LR 

left(mm) 

 

0.58

94 

 

0.5142 

 

0.8493 

 

0.3455 

 

0.4637 

 

0.4486 

 

0.7016 

 

0.6605 

 

1 

 

0.5423 

 

0.8402 

Angle of 

LR(degre 

e) Right 

 

0.42

34 

 

0.8077 

 

0.4814 

 

0.465 

 

0.4825 

 

0.4128 

 

0.5696 

 

0.8988 

 

0.5423 

 

1 

 

0.6423 

Angle of 

LR(degre e) 

Left 

 

0.40

53 

 

0.4887 

 

0.7581 

 

0.3234 

 

0.3401 

 

0.2716 

 

0.5498 

 

0.5588 

 

0.8402 

 

0.6423 

 

1 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 
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Table 2: Correlation Analysis of ODI and Lumbar Morphometric Parameters 1 

 2 

Morphometric Parameters of the Lumbar Spine 

 

OD (r- Value) 

 

CS area of Dural sac (cm2) -0.6549 

 

CS area of Lateral recess(cm2) Right 

 

-0.5708 

CS area of Lateral recess(cm2) left  

-0.508 

Ligamentous interfacet distance -0.4477 

AP dia of Dural sac -0.4431 

TR dia of Dural sac -0.5863 

Total CS area (DS+ LR) cm2 -0.6965 

Depth of LR Right(mm) -0.5197 

Depth of LR left(mm) -0.5084 

Angle of LR (degree) Right -0.523 

Angle of LR (degree) Left -0.4536 

 3 

 4 

 5 

 6 

 7 

 8 

 9 
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Table 3: Critical Reference Values for Lumbar Spinal Canal Dimensions and Lateral Recess 1 

Parameters 2 

 3 

Parameter Mean SD Critical value 

(Mean + 2SD) 

Critical value 

(Mean - 2SD) 

   Upper limit Lower Limit 

CS area of Dural sac (cm²) 0.555 0.25 0.982 0.201 

CS area of Lateral recess (cm²) 

Right 

0.059 0.07 0.191 0 

CS area of Lateral recess (cm²) 

Left 

0.053 0.07 0.203 0 

AP diameter of Dural sac (mm) 6.25 1.49 9.23 3.26 

TR diameter of Dural sac (mm) 10.11 2.74 15.59 4.62 

Total CS area (cm²) 0.66 0.35 1.36 0.04 

Depth of LR Right (mm) 1.07 1.06 3.19 1.05 

Depth of LR Left (mm) 0.98 1.11 3.2 1.24 

Angle of LR Right (°) 9.3 9.91 29.12 10.53 

Angle of LR Left (°) 7.77 9.93 27.63 12.09 

 4 

 5 

 6 



  N =     Z 2 ∗ P ∗ ( 1 − P )    d 2

