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Abstract

Background and Objectives: The thoracolumbar fascia (TLF) has been implicated in low back pain, but
imaging-based characterization in specific degenerative lumbar pathologies —particularly in surgical
cohorts—remains limited. To evaluate TLF thickness on Magnetic resonance imaging (MRI) and
Ultrasound (US) across common lumbar pathologies, examine associations with age, body mass
index, disability, and assess MRI-US agreement for TLF thickness. Materials and Methods: In this
prospective single-centre cohort, adults scheduled for elective lumbar surgery underwent
preoperative US (short- and long-axis at L3) and review of routine lumbar MRI (axial and sagittal T1-
weighted measurements at L3) using standardized protocols. Disability was assessed using the
Oswestry Disability Index (ODI). Group comparisons, correlation analyses, and intraclass correlation
coefficients were used to evaluate between-diagnosis differences, patient-factor associations, and
MRI-US agreement. Results: Thirty-seven patients were eligible (15 lumbar spinal stenosis, 5 discs
herniations, 4 spondylolisthesis, 2 scoliosis, 9 revision surgeries, 2 trauma comparators). Median TLF
thickness was 0.86 mm (0.16-1.40) on axial MRI, 1.12 mm (0.47-2.33) on sagittal MRI, 2.38 mm (1.01-
5.91) on US short-axis, and 2.87 mm (1.12-5.74) on US long-axis. Axial MRI thickness differed across
groups (p=0.010), driven by thinner measurements in trauma versus disc herniation (p=0.031); no
significant group effects were observed on sagittal MRI or US. Age correlated positively with axial
MRI thickness (p=0.021). No significant correlations were detected between ODI and TLF thickness
on MRI or US. MRI-US agreement was poor, indicating the modalities are not interchangeable for
TLF thickness measurement. Conclusions: TLF thickness measured on MRI and US did not
consistently differentiate diagnostic groups and was not associated with disability. Thickness
estimates differed substantially by modality, with poor MRI-US agreement. Larger studies with
standardized acquisition and reliability testing are needed to clarify the clinical and mechanistic
relevance of TLF imaging in degenerative lumbar disease and to determine whether it can support
phenotype-based stratification within degenerative spine disease.

Keywords: low back pain; lumbar spinal stenosis; lumbar disc herniation; spondylolisthesis;
ultrasonography; magnetic resonance imaging; thoracolumbar fascia; thickness

1. Introduction

Low back pain (LBP) is a major global burden. The number of people living with LBP increased
by ~60% from 1990 to 2020, reaching an estimated 619 million people in 2020 and projected to rise to
843 million by 2050 [1,2]. While most cases are non-specific LBP (NSLBP), defined as pain not
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attributable to a specific pathoanatomical diagnosis, approximately 10-15% of casas are of
identifiable spinal disorder, including, among others, stenosis, discopathies, sagittal and coronal
imbalances disorders [3,4].

Degenerative spinal disorders are traditionally framed through osseous and disc-related
changes (e.g., facet arthropathy, intervertebral discopathies, degenerative coronal and sagittal
imbalances [5-7]), yet symptoms and disability do not always map neatly onto structural findings [8-
10]. This gap has increased interest in complementary pain generators and biomechanical
contributors beyond the vertebra—disc complex.

The thoracolumbar fascia (TLF) is a multilayered aponeurotic complex investing the paraspinal
musculature and mechanically linking the spine to the abdominal wall and pelvis [11,12].
Structurally, the TLF is formed by an anterior and a posterior layer: the anterior layer inserts medially
onto the lumbar transverse processes, whereas the posterior layer attaches to the lumbar
supraspinous ligament, envelopes the erector spinae as a paraspinal retinacular sheath, and fuses
laterally into a thickened lateral raphe that blends with the abdominal aponeuroses [12,13]. At the
microscopic level, these layers can be resolved into multiple collagenous sublayers with differing
fiber orientations, separated by thin loose connective tissue that permit interlaminar gliding [11].

Biomechanically, the posterior layer (with superficial and deep laminae) participates in load
transfer across the lumbopelvic region; experimental loading demonstrates that tension applied via
myofascial connections can deform the posterior TLF in a manner consistent with force transmission
between the spine and lower limbs [14].

Immunohistochemical studies has demonstrated sensory innervation within the TLF, showing
a dense network of free nerve endings, including nociceptive fiber populations with layer-specific
distribution, supporting biological plausibility for the TLF as a pain-generating structure [15-20].
Experimental work further supports that nociceptive input from fascia can engage spinal nociceptive
processing [21].

In vivo imaging studies in humans complement these findings: ultrasound (US) elasticity
imaging has shown reduced shear strain of the TLF in chronic NSLB, and increased TLF thickness
compared with healthy controls [22-24] Although methods and reporting remain heterogeneous [25].

However, most prior work has focused on NSLBP, and analogous evaluations in individuals
with specific degenerative spinal pathologies are limited. The aim of this study was to characterize
the TLF on ultrasound and MRI in participants with degenerative spinal disease.

2. Material and Methods

According to institutional policy and Helsinki Declaration rules, Ethical approval was not
sought for the present study becuase it was an observational prospective study was conducted
without treatment and only involved volunteers, Prior to all study procedures, written informed
consent was obtained from all the volunteers after receiving detailed information regarding the
study’s objectives and MRI/US examination.

Consecutive patients were recruited from the Orthopedic Department of the University of
Padova. Adults scheduled for elective lumbar surgery (decompression and/or fusion) were recruited
and screened at preoperative admission the day before surgery.

Inclusion criteria: Age 18-80 years; male or female; chronic lumbar spinal pathology with clinical
and radiological correlation, including Lumbar spinal stenosis (LSS), lumbar disc herniation (LDH),
scoliosis, and degenerative spondylolisthesis. Patients undergoing revision surgery for these
diagnoses were also eligible, limited to the first revision (i.e., second lumbar operation), performed
for recurrent or persistent symptoms following the index procedure.

Exclusion criteria: known connective-tissue disorders or rheumatologic diseases affecting
connective-tissue properties; active malignancy.

2.1. Clinical Assessment and Outcomes
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At admission (pre-operative), participants completed the Oswestry Disability Index (ODI), a
validated 10-item instrument that quantifies low-back-pain-related disability on a 0-100% scale
(higher scores = greater limitation) [26].

2.2. Ultrasound Protocol

On the pre-operative day, upon admission, participants underwent US assessment of the TLEF.
US was performed using a high-resolution system (Edge II, SonoSite, FUJIFILM, Bothell, WA, USA)
with a 6-15 MHz linear transducer; the speed of sound was set to 1540 m/s (standard diagnostic
setting) and B-mode depth to 30 mm. With the participant prone and relaxed, the L3 level was
localized by palpating the posterior superior iliac crest to identify L5 and then counting cranially by
palpation of the spinous processes to L3. Images were acquired bilaterally at L3 with the transducer
placed parallel to the spine, approximately 2-3 cm lateral to the L3 spinous process. For each side,
one short-axis and one long-axis image were obtained. The entire acquisition protocol was then
repeated by a second operator, yielding 8 images per participant (2 sides x 2 planes x 2 operators).
From this image pool, a stratified random subset was selected for analysis (one short-axis and one
long-axis image per side) and exported to Image] (free available at https://imagej.net/ij/, accessed on
5t June 2025). TLF thickness was measured in Image]. To minimize local variability, each image
was divided into three equal regions along the mediolateral axis. Within each region, three
standardized measurement points (left, middle, right within that region) were used; thickness was
measured perpendicular to the fascial plane at each point, and the three values were averaged to
obtain a regional mean. The three regional means were then averaged to yield a single thickness value
per image for analysis (Figure 1).

Figure 1. US assessment of TLF thickness at the L3 level. Representative short-axis (left) and long-axis (right)
images obtained over the lumbar paraspinal region. Each image was divided into three equal mediolateral
regions (vertical red lines). Within each region, TLF thickness was measured at three standardized points (red

markers; 9 measurements per image) and averaged.

2.3. MRI Protocol

As part of the routine work-up, lumbar MRI (1.5 T) was obtained. T1-weighted sequences were
analyzed using RadiAnt DICOM Viewer (64-bit), applying a standardized measurement protocol.

Axial plane: Measurements were performed at three L3 levels (superior endplate, mid-vertebral
body, and inferior endplate). At each level, bilaterally, the region of interest was defined between (1)
a line drawn parallel to the spinous process and (2) a line drawn at the longissimus-iliocostalis
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interface. This region was divided into three equal mediolateral thirds; within each third, thickness
was measured at three predefined locations positioned at the inner thirds of that segment (left,
middle, right), and averaged. The three regional means were then averaged to yield the value for
analysis (Figure 2).

Sagittal plane: Two sagittal images immediately medial to the longissimus—iliocostalis border
were selected. Two reference lines were drawn parallel to the superior and inferior endplates of L3,
and the intervening region was divided into three equal thirds. Within each third, thickness was
measured at three predefined locations (inner thirds: left, middle, right), averaged within each third,
and then averaged across the three thirds to yield the value for analysis (Figure. 3).

- s
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i

Figure 2. MRI assessment of TLF thickness in the axial plane at the L3 level. The green reference lines define the
region of interest: one lines drawn parallel to the spinous process (medial boundaries) and a second line at each
side drawn at the longissimus—iliocostalis interface (lateral boundaries). The red markers indicate individual

caliper measurements of TLF thickness with three measurements per third.

Figure 3. MRI assessment of TLF thickness in the sagittal plane at the L3 level. The upper and lower green lines
mark the cranio-caudal boundaries of the L3 segment (above the superior endplate and below the inferior

endplate). The red markers/short red lines indicate individual caliper measurements.

2.4. Statistical Analysis

Data were entered in Microsoft Excel and analyzed in JASP (v0.19.3). Continuous variables are
summarized as mean + SD (approximately normal) or median (range) (non-normal), and categorical
variables as n (%). Normality was evaluated using the Shapiro-Wilk test and Q-Q plots; variance
homogeneity was assessed with Levene’s test. Group comparisons used Student’s t test or one-way
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ANOVA for approximately normal data (Welch correction when variances were unequal) and Mann-
Whitney U or Kruskal-Wallis tests for non-normal data, with appropriate post-hoc tests and
multiplicity adjustment. Associations were examined using Pearson’s r or Spearman’s @ as
appropriate. Two-tailed p values <0.05 were considered statistically significant. Agreement between
MRI- and US-derived TLF thickness was evaluated with Bland-Altman analysis, reporting the
average difference (MRI - US) and the 95% limits of agreement.

3. Results
3.1. Study Cohort

Thirty-seven patients were eligible. The cohort comprised 15 with LSS, 5 with LDH, 4 with
spondylolisthesis, 2 with scoliosis, 9 revision surgeries with varied prior pathologies, and 2 trauma
cases without a history of back pathology (comparative controls). The mean age was 54.68 +14.29
years (range 18-77). Mean age differed by pathology (p<0.001). Ages were highest in revision (63.4+7.2
years) and stenosis (60.3+10.0) and lowest in trauma (21.0+1.4) and scoliosis (24.0+8.5). Post-hoc tests
showed that the trauma and scoliosis groups were younger than the revision and stenosis groups,
and the hernia group was older than scoliosis and trauma (all adjusted p<0.05). The gender
distribution was 54% male / 46% female, and the mean BMI was 26.83 + 7.04 kg/m? (16.41-39.04).
Patients with degenerative diagnoses (LSS, scoliosis, LDH, spondylolisthesis) were further analysed
as a single cohort (Group A) and showed a mean age of 54.23 + 15 (range18-74), BMI of 26.75 + 5.32
kg/m? (16.41-39.04), and gender distribution of 58% male and 42% female.

Overall demographics are summarized in Table 1.

Table 1. demographic data by pathology.

Group by N Age Gender BMI ODI
pathology Mean * SD Range Male (%) Mean * SD Range Mean = SD Range
.33+ 10.
Spinal stenosis 15 60.33+ 10.03 29-70 53 26.26 +5.75  16.41-33.95 41.08 +10.44 24-62
. ‘s 21.45-
Disc herniation 5 55.80+16.73 42-74 80 26.31+2.99 29.39 60.00 +16.38 46-78
Spondylolisthesis 4 44.50 +16.73 26-58 50 30.25+6.34  24.16-39.04 34.00 + 16.38 1648
Scoliosis 2 24.00 + 8.49 18-30 50 24.10+5.52  20.00-28.00 n/a n/a
Trauma 2 21.00 +1.41 20-22 50 24.83+5.23  19.04-32.41 n/a n/a
Revision 9 63.44+7.18 56-77 44 30.67+4.32 2327'8; 3_ 53.72 £23.90 24-92
Total 37 54.68 +14.29 18-77 54 26.83+7.04 16.41-39.04 45.84 +17.38 16-92

Values are years for age, BMI in kg/m2, ODI in percentage. Gender values represent the percentage of male
participants in each group (female = 100 — male). N = number of subjects. BMI=body mass index. ODI= Oswestry
Disability Index. n/a= not applicable.

3.2. MRI-Derived TLF Thickness

25 lumbar MRIs were reviewed: LSS (n=11), LDH (n=5), spondylolisthesis (n=2), scoliosis (n=1),
trauma (n=2), and revision (n=4). Overall median TLF thickness was 0.86 mm (range 0.16-1.40) on the
axial plane and 1.12 mm (0.47-2.33) on the sagittal plane. Group A showed a median TLF thickness
of 0.89 mm (range 0.16-1.40) on axial images and 1.16 mm (range 0.47-2.33) on sagittal images.
Pathology-specific summaries are provided in Table 2.

On axial MRI, TLF thickness differed across diagnostic groups (p=0.010), although only disc
herniation vs revision remained significant after post-hoc correction, with higher thickness in the
revision group (p=0.031). On sagittal MRI, thickness did not differ across diagnostic groups (p=0.744).

Age was positively associated with TLF thickness on axial MRI (p = 0.021). A weaker, non-
significant trend was observed on sagittal MRI (p = 0.503) (Figure 4). BMI did not correlate with MRI-
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derived thickness (axial: p = 0.863; sagittal: p = 0.946). (Figure 5). TLF thickness did not differ by
gender on either axial plane (p =0.141) or sagittal plane (p = 0.277).

Table 2. TLF thickness on MRI by pathology.

TLF thickness on Axial Plane TLF thickness on Sagittal Plane

Diagnosis N Median Range P-value N Median Range P-value
Spinal Stenosis 11 0.99 0.75-1.35 11 1.36 0.47-2.33
Spondylolisthesis 2 1.11 0.83-1.40 2 0.96 0.94-0.98

LumbarDisc 0.69 0.16-0.79 001 5 1.06 0.63-1.44 0.744
Herniation
Trauma 2 0.70 0.64-0.76 2 1.14 0.81-1.48
Revision 4 1.18 1.02-1.33 3 1.39 1.12-1.48
Scoliosis 1 0.81 n/a n/a 0 n/a n/a n/a

Total 25 0.86 0.16-1.40 23 1.12 0.47-2.33

Values are median (range), in millimetres. N = number of subjects. n/a= not applicable. Thickness was measured
on axial and sagittal planes. Group differences were examined with the Kruskal-Wallis test; two-tailed p < 0.05

was considered statistically significant.

3.3. Ultrasound-Derived TLF Thickness

27 patients underwent US: LSS (n=13), spondylolisthesis (n=3), LDH (n=2), scoliosis (n=1),
revision (n=7) and trauma (n=1). Overall median TLF thickness was 2.38 mm (1.01-5.91) on the short
axis and 2.87 mm (1.12-5.74) on the long axis. Pathology-specific summaries are provided in Table 3.

Among Group A, the median TLF thickness was 2.24 mm (range 1.01-5.91) in the short axis and
2.12 mm (range 1.12-4.49) in the long axis. Pathology-specific values are presented in Table 3. A weak,
non-significant association between age and TLF thickness was observed —short axis (p = 0.434) and
long axis (p = 0.355) (Fig 4). TLF thickness showed a trend toward higher values in females on both
ultrasound planes, but this did not reach statistical significance (short axis: p = 0.067; long axis: p =
0.055).BMI showed a non-significant positive association with US short-axis TLF thickness (p = 0.223)
and a very weak, non-significant association with US long-axis thickness (p = 0.486). Group
differences were non-significant for the short axis (p = 0.231). Post-hoc tests suggested revision >
spondylolisthesis (p = 0.041), but this did not survive Holm correction (p = 0.248). Long-axis US
thickness did not differ significantly across diagnostic groups (p = 0.130). In post-hoc testing, revision
showed higher ranks than spondylolisthesis (unadjusted p = 0.027), but this also did not remain
significant after correction (p = 0.161).

Table 3. TLF thickness on US by pathology.

TLF thickness on Short Axis TLF thickness on Long Axis
(mm) (mm)
Diagnosis N Median Range P-value N Median Range P-value
Spinal 13 2.48 1.01-5.91 9 212 1.12-4.49
Stenosis
Spondylolisth
esis 3 1.36 1.01-1.67 0231 3 1.96 1.12-2.87 0.130
Lumbar Disc 225 2.13-2.38 2 2.61 1.66-3.56
Herniation
Revision 7 3.03 1.16-5.65 5 5.53 3.24-5.75
Scoliosis 1 2.72 n/a n/a 1 2.30 n/a n/a
Trauma 1 1.33 n/a n/a 1 3.72 n/a n/a
Total 26 2.38 1.01-5.91 27 3.56 1.12-8.56

Values are median (range), in millimetres. N = number of subjects per diagnosis. n/a= not applicable. Thickness
was measured in short-axis and long-axis views. The p-values shown are from per-axis Kruskal-Wallis tests

comparing diagnostic groups with adequate sample size (n > 2); groups with n = 1 (lumbar disc herniation,
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trauma) were excluded from the inferential test and are marked n/a. Two-tailed p < 0.05 was considered

statistically significant.

3.4. Inter-Method Comparison

Measurements derived from MRI and US showed substantial differences in mean values and
ranges. Bland—Altman analysis showed that MRI produced lower TLF thickness values than US. For
axial MRI versus short-axis US, the average difference was -1.191 mm, and for sagittal MRI versus
long-axis US, the average difference was —1.789 mm.
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Figure 4. Scatterplots of age versus imaging-derived TLF thickness. (A) MRI axial, (B) MRI sagittal, (C) US short
axis, and (D) US long axis. Each point represents one participant; solid lines show the fitted linear trend. X-axes
denote TLF thickness (mm); y-axes denote age (years). Spearman correlations were: MRI axial ¢ = 0.500, p = 0.021;
MRI sagittal o = 0.155, p = 0.503; US short axis 0 = 0.157, p = 0.434; US long axis o = 0.265, p = 0.182. Only the axial

MRI correlation reached statistical significance (two-tailed a = 0.05).
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Figure 5. Scatterplots of BMI versus imaging-derived TLF thickness. (A) MRI axial, (B) MRI sagittal, (C) US short
axis, and (D) US long axis. Each point represents one participant; solid lines show the fitted linear trend. X-axes
denote TLF thickness (mm); y-axes denote BMI (kg/m?). Spearman correlations were: MRI axial o = 0.039, p =
0.863; MRI sagittal o = 0.016, p = 0.946; US short axis ¢ = 0.293, p = 0.223; US long axis 0 = 0.586, p = 0.008. Only
the long-axis US correlation reached statistical significance (two-tailed a = 0.05).

3.5. Clinical Assessment

The ODI was available for 26 participants; pathology-specific values are shown in Table 1. Mean
ODI did not differ significantly between diagnostic groups (p=0.115); Across imaging measures, no
significant correlations with ODI were detected: axial MRI (p = 0.146; negative trend), sagittal MRI (p
=0.694), US short-axis (p = 0.394), and US long-axis (p = 0.558). Figures 6 displays the corresponding
scatterplots.
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Figure 6. Scatterplots of ODI versus imaging-derived TLF thickness. (A) MRI axial, (B) MRI sagittal, (C) US short
axis, and (D) US long axis. The x-axes show thickness measurements; the y-axes show ODI scores. Each dot
represents one participant; the solid line indicates the fitted linear trend. No significant associations were
observed (two-tailed Spearman): MRI axial o =-0.368, p = 0.146; MRI sagittal o =-0.103, p = 0.694; US short axis
0=0.140, p = 0.556; US long axis 0 = 0.139, p = 0.558.

4. Discussion

This study evaluated whether in vivo TLF thickness, measured using standardized protocols on
MRI and US, differs across common lumbar pathologies and relates to patient factors and disability.

TLF thickness measured on MRI and US was not associated with disability (ODI) in this cohort.
Prior US studies in chronic NSLBP have variably reported increased TLF thickness compared with
asymptomatic controls [27]. This lack of association does not necessarily contradict prior literature:
in NSLBP, where no single structural diagnosis dominates, a subset of patients may have pain and
disability more closely linked to myofascial factors, and a “fascial subgroup” has been proposed
[28,29]. By contrast, in patients with defined degenerative spine pathology, ODI is likely influenced
primarily by competing drivers such as neural compression, mechanical instability, and pain
chronicity-related factors. These dominant determinants can reduce the observable contribution of
fascial morphology to functional limitations, making a correlation between TLF thickness and ODI
less likely to emerge, particularly in small, heterogeneous surgical samples.

When contextualized against prior literature, in our degenerative surgical cohort (Group A, Table
4), mean TLF thickness was 2.53 + 1.44 mm in the short axis and 2.49 + 1.14 mm in the long axis. These
values are higher than those reported by Pirri et al., both in their NSLBP group (means ~1.95-2.13
mm short axis and ~2.09-2.27 mm long axis) and in healthy controls (~1.6-1.7 mm short axis and
~1.75-1.96 mm long axis) [24]. Taken together, this cross-study comparison suggests that TLF
thickness may be greater in degenerative spine disease cohorts than in NSLBP, a hypothesis that
warrants direct testing.

On MRI, Caron et al. reported no differences in TLF morphology (e.g., layer lengths,
circumference, and epimuscular fat contact) between individuals with chronic LBP and healthy
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controls, and no association with pain severity [30]. In contrast, Adamietz et al. reported substantially
greater TLF thickness than in our cohort—approximately twice our median axial values [31]. This
divergence is likely driven, at least in part, by methodological differences in imaging and
measurement definitions, such as MRI sequence, anatomical level and plane sampled, and whether
only the posterior TLF lamina was measured or also adjacent epimysium.

Wilke et al.[32] reported clear age- and BMI-related differences in US-derived thickness. In our
surgical degenerative cohort, associations with age were weaker overall and reached statistical
significance only for axial-plane MRI thickness, whereas US-derived thickness showed no significant
correlation with age. BMI showed a clearer association with US-derived long-axis thickness than with
short-axis. These differences are plausibly explained by population and study-design differences.

Across planes and modalities, group differences were inconsistent. Axial MRI showed a
statistically significant group effect that was largely driven by thinner measurements in trauma
compared with disc herniation; this contrast was not reproduced on sagittal MRI or on US, and no
coherent ranking of thickness by diagnosis emerged. Directionally, revision cases tended to have
higher thickness values, whereas trauma (on MRI) and spondylolisthesis (on US) tended to be lower,
but these patterns were not stable across modalities and largely did not persist after correction for
multiple comparisons. Given the small and uneven subgroup sizes, these comparisons should be
interpreted cautiously. The absence of consistent between-group differences across modalities may
reflect limited statistical power (type II error), while isolated significant findings may represent
chance associations (type I error). Accordingly, our results do not provide strong evidence that TLF
thickness differs systematically by diagnosis in this cohort, and larger studies are needed.

While both US and MRI have been successfully used to assess deep fasciae (including the TLF),
with good reproducibility reported for US thickness measures and demonstrated feasibility of MRI-
based visualization [25,33], in this cohort, MRI-US agreement for thickness was poor , indicating the
two modalities are not interchangeable for this metric. US yielded greater TLF thickness than MRI in
our cohort, which is expected given: (i) anisotropy —small probe-angle deviations (+5°) materially
alter deep-fascia thickness [34]; (ii) probe compression, which can distort soft tissues and reduce
apparent adipose layers by ~25-37% [35]; (iii) positioning —routine spine MRI is supine whereas our
US was prone, changing tissue tension and gravitational load [36,37]; and (iv) US beam/slice-
thickness artefacts, which can blur adjacent layers and inflate apparent thickness. Moreover, MRI
frequently showed deep adipose fibrosis and infiltration between TLF and epimysium; on US,
especially where layers adhere, these tissues may be conflated with the TLF band, contributing to
thicker US readings [38] (see Figures 7-8).
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Figure 7. MRI (A) and US (B) at the L3 level of a female subject. SS = spinous process. On MR, fibrosis of the
deep adipose tissue is visible (*), which may appear as part of the thoracolumbar fascia (TLF) on the
corresponding US image, creating an artifact of increased thickness.

B

Figure 8. MRI (A) and US (B) at the L3 level of a male subject. SS = spinous process; Ep = epimysium of the
erector spinae. On MRI, a triangle-shaped infiltration between the thoracolumbar fascia (TLF) and the

epimysium (*) is visible, which may have been interpreted as part of the TLF on the US image.

Associations with patient factors also differed by modality. Age showed a modest positive
association with TLF thickness on MRI, whereas no age effect was evident on US. MRI may capture
more robustly age-related ECM remodeling, while US measurements are highly susceptible to plane
and probe-pressure dependencies (anisotropy, compression)[33,34,39,40]. In contrast, BMI did not
influence MRI-derived TLF thickness but showed a strong positive correlation on the US long axis
and a weaker, non-significant trend on the short axis. This divergence likely reflects a combination of
true biologic co-variation, such as greater adjacent adiposity and extracellular-matrix remodeling
with higher BMI [41,42], and US-specific measurement dependencies at greater fat depths
(attenuation, beam aberration from speed-of-sound mismatch, and angle/pressure effects [43-45]),
which do not affect MRI to the same extent. Taken together, these findings reinforce that MRI- and
US-based thickness estimates are not interchangeable and suggest that age and BMI should be
included as covariates in future work.

Limitations include the single-centre surgical design and relatively small, imbalanced diagnostic
subgroups, reducing power for between-diagnosis comparisons and increasing the risk of unstable
estimates. Preoperative MRI and/or US were not available for all participants, for example, in trauma
presentations, in patients who consented but could not tolerate the prone positioning required for
ultrasonography, or when the MRI did not include the study level. In addition, the trauma and
scoliosis subgroups were substantially younger than the remaining diagnostic groups in this cohort,
introducing age as a major confounder for between-group differences in TLF thickness. MRI
examinations were obtained as part of clinical care and may have varied in acquisition parameters,
which can influence measurement precision. US measurements are operator- and technique-
sensitive; in this study, imaging measurements were performed by a single unblinded rater and no
formal inter-rater reliability assessment was performed, which may introduce measurement bias.
Finally, the absence of a truly healthy control group limits inference about how thickness values
compare to asymptomatic populations. Future studies should prioritize larger cohorts, standardized
MRI sequences and US acquisition, and reliability testing, and should expand imaging beyond
thickness alone (e.g., echogenicity/texture measures on US, elastography, MRI-based characterization
of adjacent tissue planes and signal features). Longitudinal follow-up could clarify whether baseline
fascial imaging features relate to postoperative trajectories of pain, function, or treatment response.
Future studies should evaluate whether a TLF-involved phenotype exists within degenerative
lumbar disease and whether stratifying patients by fascial involvement improves clinical
interpretability beyond diagnostic categories
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Table 4. TLF Thickness of Group A across different modalities.
Mean Standart Deviation Median (mm) Range (mm)
MRI axial 0.89 0.33 0.89 0.16-1.40
MRI sagittal 1.16 0.48 1.16 0.47-2.33
US short axis 2.53 1.44 2.24 1.01-5.91
US long axis 2.49 1.14 2.12 1.12—4.49

5. Conclusions

In this surgical cohort with common lumbar pathologies, TLF thickness measured on MRI and
US did not consistently distinguish diagnostic groups and showed no clear association with
disability. Compared with previously published US data in NSLBP and asymptomatic cohorts, our
degenerative surgical cohort demonstrated higher TLF thickness values, although cross-study
comparisons are limited and warrant direct head-to-head confirmation. Thickness estimates differed
substantially by modality, with poor MRI-ultrasound agreement, indicating that the two techniques
are not interchangeable for TLF thickness measurement.
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