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Abstract: Background and Objectives: Lumbar spinal stenosis (LSS) is a degenerative condition posing
significant challenges in clinical management. Despite the use of radiological parameters and
patient-reported outcome measures like the Oswestry Disability Index (ODI) for evaluation, there
is limited understanding of their interrelationship. This study aimed to investigate the correlation
between preoperative MRI parameters and ODI scores in patients with LSS undergoing surgical
treatment. Materials and Methods: A retrospective analysis was conducted on 86 patients diagnosed
with LSS over a 5-year period. Preoperative MRI measurements, including the cross-sectional area
of the psoas muscle, lumbar canal stenosis, neural foramina area, and facet joint osteoarthritis,
were assessed. ODI scores were collected preoperatively and at a 1-year follow-up. Statistical
analyses were performed using IBM SPSS Statistics software (version 26). Results: Weak to moderate
correlations were observed between certain MRI parameters and ODI scores. The initial ODI score
had a weak positive correlation with the severity of lumbar canal stenosis according to Schizas criteria
(rho = 0.327, p = 0.010) and a moderate negative correlation with the relative cross-sectional area of the
psoas muscle (rho = —0.498, p = 0.000). At 1-year follow-up, the ODI had a weak negative correlation
with the relative cross-sectional area of the psoas muscle (rho = —0.284, p = 0.026). Conclusions: While
the severity of LSS showed a weak correlation with initial ODI, it was not a predictor of 1-year
postoperative ODL. Furthermore, although the cross-sectional area of the thecal sac, the sagittal area
of the neural foramen, and the grade of facet joint osteoarthritis influence the imagistic severity,
none of them correlate with ODIL. These findings underscore the need for a comprehensive model
that integrates multiple imaging and clinical parameters for a holistic understanding of LSS and its
functional outcomes.
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1. Introduction

Lumbear spinal stenosis (LSS) is a degenerative spinal condition that poses increasing
challenges for clinicians due to its multifactorial etiology and the complexity of its clinical
presentation. Characterized by a narrowing of the spinal canal, LSS often leads to neuro-
genic claudication, radicular symptoms, and significant functional impairment. With an
aging global population, the prevalence of LSS is expected to rise, making it an increas-
ingly critical public health concern [1-3]. Surgical intervention, such as decompressive
laminectomy or spinal fusion, is frequently recommended for moderate to severe cases
unresponsive to conservative management [4].
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Functional outcomes following surgery are traditionally evaluated using patient-
reported outcome measures (PROMs) like the Oswestry Disability Index (ODI). The ODI
is a validated, reliable tool for assessing disability related to low back pain and has been
extensively used in the context of LSS [5,6]. However, there is an increasing recognition
of the need to integrate objective radiological parameters with these subjective outcome
measures to provide a more comprehensive understanding of postoperative recovery and
functional status [7,8].

The psoas muscle, a major muscle of the trunk, has been implicated in spine mechanics
and low back pain [9,10]. Recent advances in magnetic resonance imaging (MRI) have
enabled the precise quantification of the cross-sectional area of the psoas muscle. Previous
studies have suggested that the size and quality of the psoas muscle may be associated
with functional outcomes in various spinal disorders [11,12]. However, limited research
has been conducted to explore the correlation between the cross-sectional area of the psoas
muscle as measured by MRI and functional outcomes, specifically the ODI score, in patients
with LSS undergoing surgical intervention.

This retrospective study aims to investigate the relationship between preoperative
MRI measurements (the cross-sectional area of the psoas muscle, central stenosis, and facet
joint degeneration) and the ODI values reported preoperatively and postoperatively (1-year
follow-up). By examining these correlations, this study seeks to contribute valuable insights
into the prognostic factors affecting functional recovery following surgical intervention
for LSS.

2. Materials and Methods

A retrospective study was conducted on a lot of 86 patients diagnosed with LSS in a
clinical county hospital over a period of 5 years (January 2018 to January 2023). Institutional
approval was obtained from the Scientific Research Committee (No. 60/22.12.2021). At
the initial evaluation and surgical treatment, 122 participants were enrolled and their data
were processed. At the 1-year follow-up, a number of 36 cases were invalidated due to
either missing follow-up data or other medical conditions that would have biased our data.
A final 86 participants (37 men and 49 women) with a mean age of 54.8 years (ranging from
32 to 82 years, std. dev. 14.40) were further investigated.

Upon admission, all patients were subjected to a preoperative MRI investigation of the
lumbar spine. MRI measurements were performed and noted as follows: the cross-sectional
area of the psoas muscle, the area of the highest degree of lumbar canal stenosis (on axial
T2 sequence), the area of the neural foramina (on sagittal T2 sequence), and facet joint
degeneration (1 = 516).

MRI images were independently analyzed by two of the authors, a radiologist and a
spinal surgeon, using DICOM Horos software (version 3.3.6 for OsX, Apple, Cupertino,
CA). In this study, the relative cross-sectional area of the psoas muscle (rCSA) was used
as previously described in another study authored by the investigators [13]. These val-
ues represent a ratio between the mean cross-sectional area of the psoas muscle and the
cross-sectional area of the L4 lower end-plate [13]. The area of the neural foramen was
measured bilaterally (L3-L4 to L5-51) by manually outlying the fat and neural structure.
The smallest value was chosen for further investigation. Facet joint osteoarthritis was
evaluated bilaterally from L3-L4 to L5-51 according to the Weishaupt et al. description in
a 4-grade manner [14], and the highest grade observed was noted. All the values man-
ually measured by the two investigators were summed, and their mean was used for
further investigation.

The number of levels involved in the stenotic process (i.e., from 1 to 5) was also noted.
The severity of the canal stenosis was scored on axial MRI images according to Schizas
criteria: A—no/minor; B—moderate; C—severe; D—extreme [15]. The intra- and inter-
observer coefficients were 0.80 for rCSA measurement, 0,95 for lumbar lordosis, 0.72 for
facet joint osteoarthritis, 0.83 for the area of neural foramen, and 0.77 for the severity of
stenosis. The coefficients were confirmed by kappa analysis to be sufficient.
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After diagnosis and other specific steps, all patients underwent surgical treatment
mainly by decompressive laminectomy and spinal fusion (TLIF) and in several cases
by hemilanotomy/foraminotomy. Surgery was performed by the same surgical team
in the same surgical center and using identical implant types. All participants were
referred by a previous ambulatory examination, and the surgical indication was based
on the presence of radiculopathy with neurogenic claudication, associated pain, or severe
disability. The cases with central stenosis or bilateral lateral stenosis were treated by
decompression and fusion. Whenever signs of instability or abnormal sagittal balance were
present, decompression and TLIF were chosen. Only a few selected cases were treated by
hemilaminectomy /foraminotomy alone (when the compression could be clearly objectified
and no signs of instability were present).

Patients were evaluated preoperatively and postoperatively (1-year follow-up) via
the ODI questionnaire. The ODI is a widely used, self-administered questionnaire that
quantifies a patient’s perceived disability level in various aspects of daily living. It offers a
multidimensional approach to assessing pain, function, and health status, thus providing
a comprehensive view of a patient’s disability level. Preoperative functional status was
assessed using the ODI questionnaire by the supervising physician together with the
patient. Questions about the intensity of pain, ability to lift, ability to care for oneself,
ability to walk, ability to sit, ability to stand, social life, sleep quality, and ability to travel
were prompted.

For each question, there is a possible 5 points; 0 for the first answer, 1 for the second
answer, etc. The total points for the 10 questions are added together and rated as follows:
0-4, no disability; 5-14, mild disability; 15-24, moderate disability; 25-34, severe disability;
35-50, completely disabled [16].

All data were analyzed using IBM SPSS Statistics software (IBM SPSS Statistics for OsX,
Version 26.0, IBM Corp., Armonk, New York). Results were presented as means =+ standard
deviations. The normal distribution for the monitored parameters was checked using
the chi-square and Shapiro-Wilk methods. The variables were analyzed using Pearson
parametric and non-parametric Spearman correlations.

3. Results
3.1. Imaging Parameters

In total, 516 facet joints and neural foramina were assessed on MRI scans from
86 individuals. Grade III facet joint osteoarthritis (FJOA) was observed in 40 cases (46.5%)
while grade II accounted for 38 cases (44.2%). In terms of radiologic severity of lumbar
canal stenosis, 44 patients (accounting for 51.2%) had moderate stenosis, while mild and
severe were observed in an equal number of patients (21 patients accounting for 24.4%
each). The mean rCSA was 0.7734 (£0.185), ranging from 0.46 to 1.12, while the sagittal
area of the neural foramen (NFA) ranged from 0.39 cm? to 1.58 cm? (mean 0.7863, £0.273).
The mean area of the thecal sac (TSA) as measured on the axial T2 images at the most
narrowed part was 1.304 cm? (ranging from 0.561 to 2.713, £0.511). A summary of these
parameters can be observed in Figure 1 and Tables 1 and 2.
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Figure 1. Distribution of PROM according to the imagistic severity of their LSS.
Table 1. Summary of the imagistic parameters assessed.
Facet Joint OA Lumbar Canal Stenosis
. . No. Cases . . No. Cases
Weishaupt Grading (Frequency) Schizas Grading (Frequency)
0 0 A 0
1 8 (9.3%) B 21 (24.4%)
2 38 (44.2%) C 44 (51.2%)
3 40 (46.5%) D 21 (24.4%)
A—normal; B—moderate; C—severe; D—extreme.
Table 2. Summary of the imaging parameters assessed.
Imaging Parameters—Descriptive Statistics
Min Max Mean Std. Dev.
Age 32 82 54.80 14.400
rCSA 0.46 1.12 0.7734 0.18506
TSA 0.561 2.713 1.304 0.511
NFA 0.39 1.58 0.7863 0.27302

rCSA—relative cross-sectional area of the psoas muscle; TSA—thecal sac area; NFA—neural foramen area.

3.2. Patient-Reported Outcome Measure—ODI

According to the initial preoperative functional score as assessed by ODI, 59 indi-
viduals (68.6%) had a severe disability, 21 were completely disabled (24.4%), and 6 were
moderately disabled (7.0%). No statistical difference in the disability index was noted
between men and women.

At the 1-year follow-up, according to the ODI questionnaire, 47 individuals reported
moderate disability (54.7%), 22 reported severe disability (25.6%), 1 reported complete
disability (1.2%), and 1 reported no disability (1.2%). Table 3 summarizes the scores assessed
through these PROMs.
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Table 3. Initial and 1-year follow-up ODI mean score distribution.

ODI Mean Score Distribution in Disability Levels

Initial ODI Disability Level 1-Year Follow-Up ODI Disability Level
No .
Moderate Severe Completely disability Mild Moderate Severe Completely
6 (7%) 21 (24.4%) 59 (68.6%) 1(1.2%) 14 (16.3%) 47 (54.7%) 23 (26.7%) 1(1.2%)
Mesir;gm 21.50 30.48 37.27 4 4.00 11.90 19.48 41.00

3.3. ODI Functional Score Correlation with Imagistic Parameters

The initial ODI score had a weak positive correlation with the imagistic severity of LSS
as assessed according to Schizas criteria (rho = 0.327, p = 0.010) and a moderate positive
correlation with the 1-year follow-up ODI score (rho = 0.495, p = 0.000). There was a
moderate negative correlation between the initial ODI and the relative CSA of the psoas
muscle (rho = —0.498, p = 0.000). When adjusting for age, the initial ODI was observed to
exhibit a correlation only with the 1-year follow-up ODI (tho = 0.422, p = 0.001) and the
relative CSA (tho = —0.375, p = 0.003) (Figure 2). There were no other statistically significant
correlations (Table 4).

rCSA relation with preop ODI and 1-year follow-up ODI

Preop ODI e

® 100 dn-mojjo} JedA-|

0.40 0.60 0.80 1.00 1.20

rCSA

Figure 2. rCSA interrelationship with the preoperative ODI and the 1-year follow-up ODL

Table 4. Spearman correlations between imaging parameters and ODI score.

Severity Foramen rCSA Il‘(l)ilt)i?l 1875?
Imagistic severity ~ Rho 1.000 —0.335 ** —0.012 0.327 * 0.180
NFA Rho —0.335 ** 1.000 0.087 —0.057 —-0.011
rCSA Rho —0.012 0.087 1.000 —0.498 ** —0.284 *
Initial ODI score Rho 0.327 * —0.057 —0.498 ** 1.000 0.495 **
Lyear follow-up  p, 0.180 —0.011 —0.284* 0.495 ** 1.000

ODI score
*p <0.05, ** p < 0.01; NFA—neural foramen area; rCSA—relative cross-sectional area of the psoas muscle.

The 1-year follow-up ODI had a weak negative correlation with the relative CSA of
the psoas muscle (rho = —0.284, p = 0.026). Besides the weak positive correlation with the
initial ODI, the 1-year ODI had no other statistically significant correlations, even when
adjusting for age (Table 4).
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The imagistic severity of the canal narrowing had a moderate negative correlation with
the area of the thecal sac (tho = —0.466, p = 0.000) that was also observed when adjusting
for age (rho = —0.549, p = 0.000). The imagistic severity had a weak negative correlation
with the sagittal area of the neural foramen (rtho = —0.335, p = 0.008) that was also observed
when adjusting for age (rho = —0.373, p = 0.008). The imagistic severity had a weak
positive correlation with facet joint osteoarthritis (rho = 0.275, p = 0.032) and the initial ODI
(rho = 0.327, p = 0.010), but no correlations were observed when adjusting for age.

There was a moderate negative correlation between the sagittal area of the neural
foramen and the facet joint OA grade (rtho = —0.439, p = 0.000) that was also observed when
adjusting for age (tho = —0.306, p = 0.017). There were no other statistically significant
correlations (Table 4).

4. Discussion

The need for a comprehensive understanding of LSS by corroborating objective imagis-
tic parameters alongside clinical ones is imperative as the medical management of patients
with LSS poses a great socio-economic burden [3]. Although modern imagistic modali-
ties can detect early changes in the lumbar spine, it is still difficult to provide a specific
diagnosis and subsequent treatment for a large proportion of patients as LSS has a myriad
of clinical expressions and its outcome may be hard to predict. A possible explanation
might be that nearly all lumbar structures can be a source of low back pain [17,18]. Another
challenge comes from the frequent association with other pathologies, e.g., osteoarthritis in
the elderly, which encumbers the differential diagnosis and slows the functional outcome.

The exploration of lumbar spine stenosis using imagistic parameters and patient-
reported outcome measures (ODI) has been investigated by several studies, with mixed
results [13,15,18-21]. The prevalence of grade III and II facet joint osteoarthritis (FJOA)
reflects a significant burden of facet joint degeneration within the studied population.
This aligns with the existing literature that posits FJOA as a common radiological finding
in individuals with lumbar spinal disorders [22-25]. FJOA has a major implication in
LSS as it impacts the narrowing of either the subarticular recess or the foramen through
an osteophyte. A study conducted by Lee et al. concluded that there are limitations
during a preoperative imagistic evaluation of patients considered for motion-sparing
techniques in lumbar spinal surgery. Although osteoarthritic alterations can directly com-
promise the root, they pose a great difficulty in objectifying them through a 2D imagistic
quantitative parameter.

In our analysis, we found a statistically significant moderate negative correlation
between facet joint osteoarthritis (FJOA) and the sagittal area of the neural foramen, as
indicated by a correlation coefficient of rho = —0.439. However, it is worth noting that this
correlation did not extend to the initial Oswestry Disability Index (ODI) scores, suggesting
that the severity of FJOA alone may not be a reliable predictor of initial functional disability
in this study lot because the stenosis might have been only central. In a study conducted
on 63 individuals by Sirvanci et al., the authors concluded that there was no correlation
between ODI and imagistic appearances [19]. The previously mentioned study used mainly
qualitative parameters, while a mix of quantitative and qualitative assessment tools were
used in this study in an effort to eliminate any errors related to this type of data. In this
study, although there was a positive correlation between the initial ODI and the radiologic
severity of the LSS and FJOA assessed qualitatively, the rho correlation coefficient was low.
Furthermore, the correlation did not extend to any quantitative parameters such as the
cross-sectional area of the thecal sac or the sagittal area of the neural foramen which should
increase the severity grading. Maataoui et al. did not find any correlation between bilateral
FJOA and ODI (only one-sided correlation) in their study, but they statistically analyzed all
the facet joints, while in this study, only the most degenerated facet joint value was further
analyzed [18]. Another recent study conducted by Wu ZX et al. on 196 individuals found a
correlation between the imagistic parameters and functional scores [26]. Furthermore, they
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concluded that patients with severe root compression have more severe clinical symptoms
than the rest.

The patient-reported outcomes, as assessed by the ODI, underscore the functional
disability associated with these anatomical alterations. The shift in ODI scores from
preoperative to 1-year follow-up indicates a varied degree of functional recovery, which is
a critical aspect of patient-centered care in spinal disorders. Although there were several
cases with no improvement in the ODI score, these reflect the actual difficulty in surgically
treating LSS as cases of failed back surgery are frequently reported [27-30].

The correlations between ODI scores and imagistic parameters like the relative CSA
(initial: rho= —0.498, p = 0.000/1-year: rho = —0.284, p = 0.026) of the psoas muscle echo
the intricate interplay between anatomical and functional dimensions. An even more
interesting aspect observed in this study is that age does not appear to influence the
relationship between rCSA and initial ODI. As previously investigated by other authors,
the morphological status of the psoas muscle can be an indicator of good functional
rehabilitation after spinal surgery [31,32].

This study contributes to the growing literature on the confluence of imaging parame-
ters and functional outcomes in lumbar spine pathologies by studying both quantitative
and qualitative imagistic parameters in relation to PROMs before and after surgical treat-
ment. There are conflicting views in the literature regarding minimal decompression alone
through hemilaminotomy /foraminotomy vs. a more extensive decompression in terms of
long-term outcome [33-35]. Such a comparison was not one of this study’s objectives but
might have influenced its results.

The imagistic severity grading system as proposed by Schizas is based on the mor-
phological appearance of the dural sac in axial T2-weighted MRI images of the lumbar
spine [15]. It analyzes the arrangement of nerve roots in relation to the cerebrospinal
fluid and thus has the advantages of not requiring specific measurement tools and being
easily applicable to daily practice. As observed in this study, age does not influence the
relationship between the severity classes and the morphological changes in the structures
that are part of the classification criteria. Both the cross-sectional diameter of the thecal sac
and the sagittal diameter of the neural foramen were correlated with the imagistic severity
after adjusting for age. But although it lacks clinical correlation, as observed in this study
after controlling for age, this classification tool provides a valuable homogeneous common
language between physicians [36].

The limitation of this study is the relatively small number of patients, although rela-
tively equal [37] or smaller [38] numbers of patients were included in previous prospective
studies. Future studies employing larger cohorts are warranted to validate these find-
ings and to further investigate the complex interplay between anatomical, clinical, and
functional dimensions in lumbar spine pathologies.

This study showed that the ODI score is in a weak correlation with the imagistic
severity of the LSS but the severity is not a predictor of 1-year functional outcome as
assessed through ODL. Furthermore, although the imagistic severity includes the area of
the thecal sac, this parameter alone does not correlate with ODI; the same is the case with
the sagittal area of the neural foramen. This implies that when trying to assess a patient
with such complex modifications as found in LSS, one needs to integrate multiple imagistic
parameters in order to better understand the severity. The correlations revealed may
provide a foundation for further exploration into the underlying mechanisms associating
anatomical changes with functional disabilities. However, the study’s limitations, including
the modest sample size, imply the need for larger cohort studies to validate these findings
and to unravel the complex interplay between the anatomical, clinical, and functional
dimensions of lumbar spine pathologies.

5. Conclusions

The results of our study indicate that certain imagistic markers like the severity of
lumbar spinal stenosis and the relative cross-sectional area of the psoas muscle exhibit weak
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to moderate correlations with both preoperative and 1-year follow-up ODI scores. The
study found that while the severity of canal stenosis as measured by Schizas criteria weakly
correlated with initial ODI, it was not a predictor of the 1-year postoperative ODI. This
underlines the inherent limitations of relying solely on radiological severity for predicting
functional outcomes in LSS.

Other imaging parameters like the sagittal area of the neural foramen and the facet
joint osteoarthritis grade were found to have no statistically significant correlations with
the ODIL.
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