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Abstract

Background/Objectives: Degenerative lumbar spinal stenosis (LSS) is a prevalent cause
of disability in elderly populations, often treated with decompressive surgery. However,
postoperative functional outcomes are variable and influenced by factors beyond neural
compression alone. This study aimed to investigate the prognostic significance of the
Goutallier Classification System (GS), a radiological index of paravertebral muscle fatty
degeneration, in predicting long-term postoperative disability and pain in elderly patients
undergoing decompression for LSS. Methods: A retrospective cohort study was conducted
on 100 elderly patients who underwent primary lumbar decompression surgery for LSS
between January 2020 and July 2022, with a minimum two-year follow-up. Patients
were stratified according to their preoperative GS grades assessed via MRI. The Oswestry
Disability Index (ODI) and Visual Analog Scale (VAS) for pain were collected preoperatively
and at follow-up. Changes in the ODI and VAS (AODI and AVAS) were analyzed to
evaluate associations between GS grades and functional outcomes. Results: Significant
improvements in the ODI (from 41.0 £ 17.5 to 16.9 £ 8.2) and VAS (from 6.23 £ 2.52 to
3.75 £ 2.38) were observed postoperatively (p < 0.01). However, higher GS grades were
associated with greater residual disability and pain at follow-up, as well as with smaller
postoperative improvements in these scores (p < 0.01 for ODI; p = 0.01 for VAS). Gender
differences were noted, with females predominating in higher GS grades. No significant
differences in comorbidities or complication rates were identified across GS subgroups.
Conclusions: Preoperative paravertebral muscle degeneration, as measured by the GS,
emerged as a significant predictor of postoperative disability and pain in elderly LSS
patients. Incorporating GS assessment into preoperative planning may refine surgical risk
stratification and inform shared decision-making to optimize long-term functional recovery.
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1. Introduction

Lumbar spinal stenosis (LSS) is among the most prevalent degenerative spinal disor-
ders, representing a leading cause of disability and the most common indication for spinal
surgery in elderly patients [1]. Characterized by progressive narrowing of the spinal canal,
LSS can result in significant neural and vascular compression, leading to pain, limited
mobility, and impaired quality of life [2]. While decompressive surgery is a standard
treatment, the outcomes remain inconstant, with postoperative pain and residual disability
enduring in determined patient subgroups [3].

Recent advancements in imaging and grading systems have facilitated a deeper under-
standing of factors contributing to surgical outcomes in LSS. The Goutallier Classification
System (GS), initially developed to stratify fatty infiltration in the rotator cuff muscles [4,5],
has been adapted for the assessment of paravertebral musculature [4,6]. Atrophy of these
muscles, often suggestive of chronic degeneration [7], has been linked to worse clinical
features, including increased disability and pain severity [8]. Despite its emergent adoption,
the prognostic value of GS in predicting postoperative recovery in LSS patients has not
been entirely recognized [9].

Previous studies have demonstrated significant correlations between GS grades [9],
patient age [8], and radiological measures such as cross-sectional areas (CSAs) of paraver-
tebral muscles [10]. However, the relationship between GS grades and patient-reported
outcomes, such as the Oswestry Disability Index (ODI) and Visual Analog Scale (VAS)
for pain, remains underexplored. Understanding this relationship could provide critical
insights into preoperative planning and the stratification of surgical risk. Patients’ postoper-
ative disability might impact surgical results, especially considering that the paravertebral
muscle may not be preoperatively investigated.

This study aims to evaluate the prognostic significance of the Goutallier Classification
System in predicting long-term postoperative disability and pain outcomes in elderly
patients undergoing decompressive surgery for degenerative LSS. Through the analysis
of a cohort of 100 LSS elderly patients stratified by GS grades and followed for years after
decompressive surgery, this study aims to assess the gap in the literature and offer a more
comprehensive understanding of the role of paravertebral muscle degeneration in surgical
prognosis for LSS patients.

2. Materials and Methods
2.1. Selection Criteria

This retrospective single-center study included elderly patients diagnosed with de-
generative lumbar spinal stenosis (LSS) who underwent primary lumbar decompression
surgery between January 2020 and July 2022. Patients were followed up for two years to
assess changes in the Oswestry Disability Index (ODI) [11] and Visual Analog Scale (VAS)
scores, comparing follow-up with preoperative baseline values. Patients were stratified
based on their Goutallier grade of paravertebral musculature [6].

Inclusion criteria were a clinical diagnosis of LSS with neurogenic claudication
(<200 m), refractory pain lasting > 6 months, and functional impairment; radiological
confirmation of Schizas grade A4, B, C, or D stenosis on MRI, in accordance with the
original classification, which subdivides grade A into Al through A4; availability of preop-
erative and follow-up ODI and VAS scores; and availability of preoperative lumbar MRI



Brain Sci. 2025, 15, 674

3o0f14

suitable for paravertebral muscle evaluation. Patients with grades A1-A3, indicating no or
minimal dural sac compression, were excluded [3].

Exclusion criteria were the presence of lumbar disk herniation as primary
diagnosis [12,13]; scoliosis with a Cobb angle of >20° [14]; lumbar spinal instability demon-
strated by flexion—extension radiographs [15]; a history of previous lumbar spine surgery
(revision procedures); incomplete clinical or imaging data; and Goutallier grade 0, which
was excluded from the analysis.

Baseline characteristics are summarized in Table 1. This study adhered to the Dec-
laration of Helsinki and local ethical guidelines. As a retrospective study, formal ethical
committee approval was waived, given that all patient data were anonymized and analyzed
in compliance with institutional policies. However, informed consent for participation and
data use was obtained from all individuals.

Table 1. Goutallier Classification System grades.

Percentage of Muscular Fatty

Goutallier Classification System Grade .
Degeneration

No fatty infiltration
Few fatty streaks within the muscle
Less than 50% fat within the muscle
50% fat within the muscle
More than 50% fat within the muscle

= W iN = O

2.2. Clinical Parameters

The Oswestry Disability Index (ODI) questionnaire comprises 11 items assessing
limitations in daily activities, with each section scored on a 0-5 scale, where 5 indicates the
most significant disability. The total score is expressed as a percentage of daily disability [11].
The ODI has been extensively validated in spinal pathologies and shows high internal
consistency, with Cronbach’s « values typically ranging from 0.85 to 0.90 across various
language versions and patient cohorts, as reported in recent systematic reviews and a 2023
validation study in a lumbar surgery population (x ~ 0.87; 95 % CI 0.86-0.88) [16]. It also
demonstrates excellent test-retest reliability (ICC > 0.90) in multiple translated versions. Its
sensitivity to clinical change and construct validity have made it a reference standard for
quantifying disability. In addition, the patient’s age and BMI were evaluated at the time of
diagnosis [17].

The Visual Analog Scale (VAS) measures back and leg pain intensity on a 0-10 scale,
where 0 represents “no pain” and 10 indicates “worst possible pain.” Both ODI and VAS
scores were evaluated preoperatively and postoperatively to assess changes in disability
and pain levels among the enrolled patients. The Charlson Comorbidity Index (CCI) and
Clavien-Dindo (CD) Score were included to evaluate comorbidity burden and postoperative
complications, respectively. Postoperative complications were classified using the Clavien-
Dindo grading system, which, despite some limitations in retrospective analyses, provides
a standardized and objective framework for reporting surgical morbidity.

2.3. Radiological Parameters

Preoperative lumbar/sacral MRI studies were performed with a 1.5 Tesla scanner,
including STIR, T1-, and T2-weighted sagittal and axial images from L1 to S2. Axial
images (4 mm slice thickness, 1 mm interslice gap) were centered at the intervertebral
space parallel to the vertebral endplates. Images were analyzed using RadiAnt DICOM
Viewer (Version 5). Fat infiltration of paravertebral muscles was preoperatively assessed
on T2-weighted images, where hypointense muscle tissue and hyperintense adipose tissue
were clearly distinguishable. Fatty degeneration was classified using the Goutallier system
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(GS) into four grades (Table 2): grade 0, no fat infiltration; grade 1, minimal focal or linear
fat deposition; grade 2, fat deposition up to 50%; grade 3, fat deposition of 50%; and grade 4,
fat deposition >50% (Figure 1) [18].

Table 2. Baseline sample characteristics, stratified by Goutallier scale grades. Descriptive and
inferential statistical analyses.

Goutallier Grade Sample Grade I Grade II Grade III Grade IV Statistical
(n =100) n=9) (n=33) (n =36) (n=22) Test
Gender*

Male 48 9 (100) 21 (64) 14 (39) 4(18)

Female 52 0 12 (36) 22 (61) 18 (82) p <0.05
@f:)it surgery 66.1 (£7.3) 64.39 (£642)  67.80 (£551)  6747(£7.97)  69.11 (+£8.32) p =039
Schizas grade *

Ad 16 1(11) 10 (30) 2(6) 3 (14)

B 31 5 (56) 13 (39) 8 (22) 5 (23)

C 40 2(22) 9(27) 21 (58) 8(36)

D 13 1(11) 1(3) 5 (14) 6(27) p=013
Levels of stenosis *

Single-level 54 6 (67) 21 (64) 18 (50) 12 (41)

Two-level 34 3(33) 10 (30) 14 (39) 7 (32)

Three-level 12 0(0) 2 (6) 4 (11) 6(27) p=0.12
Preop CCI 3.93 (£1.06) 4.1 (£0.96) 3.96 (£1.42) 3.7 (£1.35) 3.96 (£1.07) p =074
Oswestry Disability Index ¥

Preoperative ~ 41.0 (+17.5) 35.0 (£17.7) 42,0 (£16.4) 44.8 (£18.1) 45.0 (£19)

Follow-up 16.9 (£8.2) 4.33 (+2.35) 14.4 (£8.82) 22.1(£7.39) 25.1 (£6.56)

Wilcoxon matched test p<0.01 p<0.01 p<0.01 p <0.01
AODI 30.67 (£16.65)  27.60 (£14.22)  22.70 (£15.76)  19.90 (+£16.72)  Friedman test
R=0.39;
p <0.01
Visual Analog Scale
Preoperative 6.23 (+2.52) 4.75 (+2.89) 6.64 (+£1.99) 6.55 (+1.77) 6.95 (4+2.48)
Follow-up 3.75 (£2.38) 1.83 (£1.76) 3.21 (£1.87) 4.26 (+£2.32) 4.50 (+£2.74)
Wilcoxon matched test p=0.01 p =0.02 p<0.01 p=0.01
AVAS 2.92 (£2.52) 3.43 (£1.93) 2.29 (£2.10) 2.45 (+2.62) Friedman test
R =0.06;
p=0.01
CD Score 1.88 (£0.92) 1.66 (£0.64) 217 (£1.13) 1.79 (£0.94) 1.98 (£1.2) p=0.36
Mean follow-up 55, cg) 3.46 (£0.77) 3.48 (£0.69) 3.31 (£0.59) 3.13 (£0.49) p=0.14

(yrs)

CCI: Charlson Comorbidity Index; CD: Clavien-Dindo Score for postoperative complications. t Categorical
variables are expressed as raw frequencies (percentages) and analyzed using the chi-square test. 1 Quantitative
variables are expressed as means (+standard deviations) and analyzed using the Wilcoxon matched-pairs signed-
rank test for preoperative and follow-up comparisons within each cohort, and the Friedman test for comparisons
between cohorts.

To assess interobserver agreement in Goutallier grade assignment, three indepen-
dent authors independently reviewed the preoperative MRI scans. During the evaluation
process, all three investigators were blinded to the patients’ clinical outcomes and treatment-
related data to minimize potential bias in GS grade assignment. In cases of disagreement, a
consensus was reached through discussion. If consensus could not be achieved, the final
adjudication was performed by a senior author. While previous studies have employed
quantitative methods to assess paravertebral muscle composition—such as CSA measure-
ments or fat-to-muscle signal intensity ratios on advanced MRI protocols [19,20]—the
present study adopted a validated semiquantitative visual inspection approach based on
the Goutallier Classification System, as applied to T2-weighted axial images [6,10]. No
quantitative measurement of muscle cross-sectional area or fat content was performed. This
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approach, although inherently subjective, has been validated in prior studies and enables
routine application in standard imaging protocols without requiring additional sequences
or software [2,6,8,9,15,18,21].

Figure 1. Semiquantitative classification of paralumbar muscles’ fatty degeneration according to the
Goutallier Classification System. (A) Grade 1, few fatty streaks within the muscle. (B) Grade 2, Less
than 50% fat within the muscle. (C) Grade 3, 50% fat within the muscle. (D) Grade 4, more than 50%
fat within the muscle.

2.4. Surgical Technique

A conventional posterior lumbar laminectomy was performed on all enrolled patients.
A midline posterior linear incision was made, followed by sharp dissection of the paraverte-
bral muscles to the articular capsule without violating the capsule [22]. Complete removal
of the spinous process and bilateral laminectomy to the articular processes was performed,
followed by flavectomy and bilateral foraminotomy [13,22]. Adequate decompression was
confirmed when the pulsating dura mater was free of osteoligamentous compression.

To address dural leaks, Gore-Tex 6-0 sutures, fibrin glue, and TachoSil were utilized.
Hemostasis was achieved using Floseal and bipolar coagulation for muscle and venous
plexus bleeding. No additional hemostatic agents were used. Anatomical layers were
sutured with resorbable sutures [22].

2.5. Statistical Analysis

Preoperative and follow-up data were recorded and transcribed into Excel sheets (Ver-
sion 16.92) and analyzed using GraphPad Prism (Version 10.3.1). Descriptive statistics were
reported as means with standard deviations for continuous variables and as frequencies
and percentages for categorical variables. The Shapiro-Wilk test was applied to assess the
normality of distribution, with non-Gaussian variables defined by p < 0.05. Due to the
limited sample size and the study design focusing on stratification by Goutallier grades,
only non-adjusted bivariate analyses were performed.

Interobserver reliability was quantified using Cohen’s kappa (k) statistic, calculated
between pairs of raters prior to consensus resolution. The strength of agreement was
interpreted according to standard benchmarks.

The Wilcoxon matched-pairs signed-rank test was employed to assess changes between
preoperative and postoperative ODI and VAS scores within each Goutallier grade. The
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Friedman test was used to compare both absolute preoperative and postoperative scores
and change scores (AODI and AVAS) across Goutallier grades. Statistical significance was
set for p-value < 0.05.

3. Results
3.1. Sample Characteristics

A total of 168 elderly patients were initially identified. After excluding 68 patients due
to missing follow-up data, the absence of preoperative MRI studies, or incomplete clinical
records, 100 patients were ultimately included in the final analysis. The distribution of
Goutallier grades was as follows: 9 patients in Grade I, 33 in Grade 1I, 36 in Grade III, and
22 in Grade IV. Interobserver agreement for Goutallier grade assignment was substantial,
with a « of 0.78. Patients were followed for a mean duration of 3.36 years (£0.68), with
no significant differences in follow-up time across Goutallier grades (p = 0.14). To assess
potential selection bias, baseline characteristics between included and excluded patients
were compared. Variables analyzed included age, sex, the Charlson Comorbidity Index
(CCI), Schizas grade, and preoperative ODI and VAS scores. Comparisons were performed
using the Mann-Whitney U test for continuous variables and the chi-square or Fisher’s
exact test for categorical variables, as appropriate. No statistically significant differences
were observed between groups (p > 0.05 for all comparisons).

Preoperative and postoperative ODI and VAS scores were recorded and stratified by
GS grade to evaluate the prognostic significance of this scale in predicting postoperative
pain and disability in LSS patients.

The gender distribution revealed a predominance of males in the lower GS grades
(100% in Grade I), with their proportion decreasing progressively to 18% in Grade IV.
Conversely, the proportion of females increased with each grade, reaching 82% in Grade IV
(p < 0.05). The mean age at surgery was 66.1 years (£7.3), ranging from 64.4 years (16.42)
in Grade I to 69.1 years (£8.32) in Grade IV, with no significant differences between GS
grades (p = 0.39). Schizas grades and levels of stenosis were also comparable across the
subgroups (p = 0.13 and p = 0.12, respectively), with Schizas Grade B (39%) and single-
level stenosis (55%) being the most represented. The number of decompressed levels
did not differ significantly across Goutallier grades (p = 0.12). Analysis of CCI and CD
revealed no significant differences across GS grades (respectively, p = 0.74 and p = 0.36),
indicating comparable comorbidity and postoperative complications (Table 2). A total of
seven patients (7%) experienced intraoperative dural tears, all of which were successfully
repaired intraoperatively using watertight suture techniques and adjuncts such as fibrin
glue and TachoSil. No patients required reoperation for dural-related complications.

3.2. Clinical Outcomes

The mean preoperative ODI score was 41.0 (£17.5), improving significantly to
16.9 (£8.2) at follow-up (Wilcoxon matched-pairs signed-rank test, p < 0.01). When
stratified by Goutallier grade, postoperative ODI scores were 4.33 (42.35) for Grade
I, 14.4 (4£8.82) for Grade II, 22.1 (£7.39) for Grade III, and 25.1 (£6.56) for Grade IV
(Figure 2A).

Similarly, the mean preoperative VAS score decreased from 6.23 (+2.52) to 3.75 (+2.38)
postoperatively (Wilcoxon matched-pairs signed-rank test, p < 0.01). Postoperative VAS
scores by Goutallier grade were 1.83 (+1.76) for Grade I, 3.21 (£1.87) for Grade 1I, 4.26
(£2.32) for Grade III, and 4.50 (£2.74) for Grade IV (Figure 2B).

Bars represent means =+ standard deviations. Comparisons within grades were per-
formed using the Wilcoxon matched-pairs signed-rank test; inter-grade comparisons of
change scores were analyzed using the Friedman test.
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Figure 2. Preoperative and postoperative ODI and VAS scores stratified by Goutallier grade.
(A) Preoperative and postoperative ODI scores stratified by Goutallier Classification show signif-
icant overall improvement, with better outcomes in lower grades and worse in advanced ones.
(B) Preoperative and postoperative VAS scores demonstrate significant pain reduction, with lower
postoperative pain in lower Goutallier grades and higher scores in advanced grades.

A significant trend was observed in postoperative ODI scores across Goutallier grades,
with higher grades associated with greater residual disability (Friedman test: R = 0.39;
p < 0.01). A weaker, yet statistically significant, trend was also noted for postoperative VAS
scores (R = 0.06; p = 0.01), indicating a modest increase in residual pain with advancing
Goutallier grade (Figure 3).

Scatterplots illustrate the linear trends observed across grades. Analysis was per-
formed using the Friedman test.

Further analysis of change scores (AODI and AVAS) confirmed this pattern, demon-
strating progressively smaller improvements in both disability and pain outcomes with
increasing Goutallier grade. Detailed change scores are presented in Table 2.
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Figure 3. Correlation between Goutallier grade and postoperative ODI and VAS scores. (A) Post-
operative ODI scores show a significant linear increase with higher Goutallier grades, reflecting
greater residual disability in advanced paravertebral musculature degeneration (R = 0.39; p < 0.01).
(B) Postoperative VAS scores exhibit a weaker yet significant trend of increased residual pain with
higher Goutallier grades (R = 0.06; p = 0.01).

4. Discussion
4.1. Preoperative Muscle Assessment as a Tool for Risk Stratification

This study estimated the prognostic utility of the GS in predicting long-term post-
operative outcomes in elderly patients with degenerative LSS undergone decompressive
surgery. For this purpose, 100 consecutive LSS-operated patients were followed for a mean
of 3.36 years. The preoperative paravertebral muscles” atrophy GS grades were assessed
and prospectively monitored as four separate cohorts. Clinical postoperative data were
retrospectively collected, recorded, and analyzed for statistical purposes.

The findings reveal significant improvements in both the ODI and VAS scores across
all GS grades over the follow-up period. Conversely, higher GS grades were consistently
associated with greater residual disability and pain. The linear trends observed in both
curves highlight varying outcomes based on the degree of preoperative fatty degeneration
in the paravertebral musculature. Furthermore, the analysis of change scores (AODI and
AVAS) demonstrated that higher Goutallier grades were associated not only with greater
residual disability and pain but also with smaller overall postoperative improvements,
further underscoring the clinical impact of paraspinal muscle degeneration.

4.2. Impact of Paraspinal Degeneration on Disability and Pain Outcomes

The correlation between GS grades and postoperative ODI and VAS scores highlights
the role of paravertebral muscle health in recovery. Previous studies have demonstrated
that lower GS grades and greater lumbar muscle CSA values are associated with improved
functional outcomes in LSS patients [2,8,10], although some have reported no significant
association between the GS and ODI [8]. Our findings suggest that higher fatty infiltration of
paravertebral muscles could impair functional recovery and pain resolution. Additionally,
decreased paraspinal lean CSA has been associated with higher GS grades, reinforcing the
relevance of muscle health in surgical prognosis [10]. Furthermore, higher GS grades have
been linked to advanced age [7,23], decreased paraspinal CSA [2], and altered spinopelvic
parameters, such as pelvic tilt and lumbar lordosis [21].

Beyond the impact of GS grades on postoperative outcomes, an intriguing observation
in this study was the gender-related disparity in GS grades, with males predominating in
the lower grades and females in the higher grades. A potential explanation for this lies in the
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role of estrogen and its association with visceral fat deposition [4]. Estrogen is recognized
to promote fat storage, particularly in visceral and muscle compartments, which could
contribute to hastened fatty degeneration of the paravertebral musculature in women [4].
This estrogenic influence on visceral obesity may explain the higher prevalence of advanced
GS grades among female patients. Further research into hormonal and metabolic factors
is warranted to clarify their contribution to paraspinal muscle health and their impact on
surgical outcomes.

Paravertebral muscle atrophy has been studied to impact spinal balance and align-
ment [24], contributing to altered lumbar lordosis, thoracic kyphosis, and sacral-vertebral
angles [21]. The interaction between muscle degeneration and spinal deformity empha-
sizes the importance of paravertebral muscle integrity in maintaining functional spinal
alignment [21,25-27].

Studied as a foremost stabilizing muscle, the inverse relationship between Erector
Spinae (ES) CSA and preoperative ODI values, as previously reported [28,29], underscores
the role of muscle degeneration in patient-reported disability [10]. Our study builds on this
by integrating GS grading, providing a broader context for assessing paraspinal muscle
quality. Interestingly, despite its stabilizing role, ES-CSA showed no significant correlation
with the dural-sac CSA, suggesting that functional impairment may not exclusively depend
on canal width, but also on concurrent intrinsic muscle degeneration [29].

4.3. Comparison with Existing Literature and Pathophysiological Considerations

Previous studies have demonstrated that greater preoperative fatty infiltration of
paraspinal muscles is associated with poorer postoperative outcomes, including persistent
low back pain and diminished clinical improvement [23,30]. This investigation corroborates
these findings, further emphasizing the critical role of paravertebral muscle quality in
surgical prognosis. The consistent relationship between fatty infiltration, reduced cross-
sectional areas of key muscles such as the multifidus and erector spinae, and heightened
pain and functional impairment highlights the necessity of incorporating muscle quality
assessment into preoperative planning. The absence of significant differences in CCI and
CD across GS grades suggests that muscle degeneration, as measured by GS, supports
the hypothesis that the GS independently influences postoperative disability and pain.
Future studies should explore the interplay between GS, frailty indices, and functional
recovery in larger, multicenter cohorts. However, our results contribute to the growing
body of evidence, underscoring paraspinal fatty atrophy as a significant determinant of
pain and disability.

Taken together, these findings underscore the critical need for a comprehensive ap-
proach to preoperative evaluation that considers both muscle degeneration and patient-
specific characteristics. This study underscores the importance of incorporating the GS
into preoperative evaluations for LSS patients. Identifying advanced muscle degenera-
tion can aid in risk stratification, tailored interventions, and prehabilitation to enhance
outcomes. Furthermore, the GS offers further elements for transparent preoperative discus-
sions, assisting clinicians to manage expectations and support informed decision-making
effectively. Although the present study did not investigate therapeutic interventions tar-
geting paraspinal muscle quality, evidence from the rehabilitation and resistance training
literature suggests that targeted physical therapy programs might reduce fatty infiltration
and improve disability scores. However, randomized controlled trials confirming this
hypothesis are lacking.
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4.4. Advantages and Limits of a Semiquantitative MRI-Based Approach

Recent research addressed the GS as a reliable, reproducible and easy-to-use visual
index for preoperative assessment of paravertebral musculature atrophy [6]. In this setting,
paravertebral sarcopenia appears as a potential predictive factor for postoperative pain
and subjective disability. The recent literature has increasingly embraced quantitative
imaging techniques—such as muscle CSA calculations and signal-intensity mapping—
to assess paraspinal muscle composition in spinal disorders [6,8,10,19,20]. While such
methods undoubtedly offer higher resolution and objectivity, their integration into routine
clinical practice remains limited by the need for dedicated sequences and post-processing
software. In contrast, the Goutallier Classification System, despite its semiquantitative
and visual nature, offers a pragmatic and reproducible tool applicable to standard MRI
scans, with growing validation in the lumbar spine setting [6]. Our study deliberately
adopted this approach, prioritizing feasibility and external reproducibility over precision
metrics. Nonetheless, we acknowledge the limitations of this method and advocate for
future studies to explore hybrid models that combine Goutallier grading with quantitative
imaging indices to refine risk stratification.

4.5. Study Limitations and Interpretative Boundaries

This study has several limitations. The retrospective design may introduce selection
bias, despite prospective follow-up. The single-center setting could affect generalizability.
Additionally, reliance on conventional imaging may not fully capture the complexity of
paraspinal muscle degeneration; advanced MRI techniques could enhance precision [23].
The impact of prehabilitation and rehabilitation was not assessed and warrants further
investigation. Furthermore, the relatively small sample size within certain Goutallier
subgroups, particularly Grade I, may have limited the statistical power to detect subtle
differences and could impact the generalizability of the findings. Consequently, observed
trends should be interpreted with caution, and validation through larger, multicenter
studies is warranted. Due to the retrospective nature of the study, data regarding patients’
physical activity levels and adherence to postoperative rehabilitation protocols were not
systematically recorded. This lack of standardization may have introduced variability in
outcomes and represents an important limitation in interpreting the role of paravertebral
muscle degeneration in functional recovery. While these factors could potentially influence
paraspinal muscle conditions and outcomes, their assessment was beyond the scope and
feasibility of this investigation.

Despite these limitations, our findings underscore the prognostic utility of the GS
in lumbar spinal stenosis surgery. Future multicenter studies integrating comprehensive
frailty assessments and standardized imaging protocols are needed to validate these re-
sults. Furthermore, integrating the Goutallier scale assessment with advanced quantitative
imaging methods, such as Dixon MRI or chemical-shift imaging [31,32], could offer a
more precise evaluation of muscle composition, particularly the fat-to-muscle ratio and
water content, which may reveal subtle changes in paraspinal muscle integrity beyond the
visual assessment of the GS [33-35]. These advanced imaging modalities can also help in
understanding the interplay between muscle quality and global spinal balance, including
sagittal alignment and spinopelvic parameters, which have been linked to postoperative
outcomes in LSS [36]. By adopting such comprehensive imaging strategies, clinicians can
refine preoperative risk stratification and potentially identify early indicators of sarcope-
nia or frailty-related complications, which are particularly relevant in elderly patients.
Additionally, combining GS grades with patient-reported measures of physical activity
and nutritional status may provide a more holistic evaluation of the factors influencing
recovery trajectories after lumbar decompression. Such integrative approaches underscore
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the multifactorial nature of postoperative disability and highlight the need for personalized
perioperative management pathways in the treatment of lumbar spinal stenosis.

4.6. Future Perspectives and Clinical Integration

Building upon these findings, future prospective studies should investigate whether
targeted interventions aimed at preserving or restoring paraspinal muscle quality, such as
structured rehabilitation programs, nutritional support, or hormonal modulation, might
mitigate the adverse impact of muscle degeneration on postoperative recovery. Further-
more, integrating GS assessment with quantitative imaging methods and patient-specific
frailty metrics may offer a more comprehensive stratification model. Future studies employ-
ing multivariate regression analyses may further elucidate the independent contribution of
paravertebral muscle degeneration to functional outcomes, accounting for other relevant
clinical and demographic variables. This approach may refine surgical prognostication
and help personalize perioperative management. These directions may ultimately lead to
personalized prehabilitation protocols capable of improving surgical outcomes in elderly
patients with lumbar spinal stenosis.

In summary, the findings of the present investigation underscore the pivotal prog-
nostic value of paravertebral muscle degeneration, as assessed by the Goutallier scale, in
determining long-term functional and pain-related outcomes in elderly patients undergoing
decompressive lumbar surgery for degenerative spinal stenosis. The discernible gradient
of residual disability and pain severity across the spectrum of GS grades emphasizes the
clinical utility of this straightforward yet robust radiological index. Beyond its traditional
application, the Goutallier scale emerges as an essential adjunct in preoperative risk stratifi-
cation, offering an additional layer of insight that complements conventional radiological
and clinical evaluations. These observations collectively advocate for a paradigm shift
in preoperative assessment strategies, underscoring the necessity of integrating muscle
quality and broader frailty indices into individualized patient-centered care pathways. In
this context, the incorporation of GS grading into routine clinical practice may ultimately
enhance shared decision-making, refine surgical planning, and support tailored perioper-
ative management strategies aimed at optimizing postoperative recovery and long-term
functional independence.

5. Conclusions

This study provides evidence supporting the prognostic value of the GS in elderly pa-
tients undergoing decompressive surgery for degenerative lumbar spinal stenosis. Higher
GS grades were associated with greater residual disability and pain, as well as with reduced
postoperative functional gains, underscoring the relevance of paraspinal muscle quality in
clinical outcomes.

While acknowledging the limitations inherent to the retrospective design, single-center
setting, and lack of systematic assessment of rehabilitation protocols and preoperative
activity levels, these findings suggest that the GS may serve as a valuable adjunct in
preoperative risk stratification and patient counseling.

Further prospective, multicenter studies integrating standardized imaging assess-
ments and frailty measures are needed to validate these results and to explore whether
targeted interventions on paraspinal muscle health could improve surgical outcomes.

Author Contributions: Conceptualization, G.C. and V.M.; methodology, G.C.; software, V.M.; val-
idation, G.C., S.C. and V.M,; formal analysis, G.C.; investigation, G.C., S.C., C.D.D., ER. (Federico
Russo), VM., S.L., V.P, M.S,, A.D., ER. (Francesco Ricciardi), S.P.,, R.d.F. and V.E.; resources, G.C.,
S.C.,R.d.F, O.d.D. and G.I; data curation, G.C., V.P. and M.S.; writing—original draft preparation,
G.C.; writing—review and editing, G.C., S.C., V.P, VE. and G.I; visualization, G.C., S.C. and M.S;



Brain Sci. 2025, 15, 674 12 of 14

supervision, S.C., O.d.D., VE. and G.I; project administration, G.C. and S.C.; funding acquisition,
S.C. and G.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study due to its retrospective design
and the use of anonymized clinical and imaging data in accordance with institutional policies.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the reported results of this study are not publicly
available due to privacy and ethical restrictions related to patient confidentiality. However, de-
identified data may be made available from the corresponding author upon reasonable request and
with the approval of the local ethics committee.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
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LSS Lumbar Spinal Stenosis

GS Goutallier Classification System
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VAS Visual Analog Scale

MRI Magnetic Resonance Imaging
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CCI Charlson Comorbidity Index

CD Clavien-Dindo Classification

AODI  Change in Oswestry Disability Index
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