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Abstract: The thoracolumbar fascia (TLF) plays an important role in lower back pain (LBP). Recent
studies have revealed an association between increases in TLF thickness and reduced TLF gliding
in patients with LBP. The purpose of this study was to measure and compare by ultrasound (US)
imaging the thickness of the TLF at the bilateral L3 level of the lumbar spine in the longitudinal and
transverse axes in chronic non-specific LBP and in healthy subjects. A cross-sectional study was
performed using US imaging to measure the longitudinal and transverse axes with a new protocol
in a sample of 92 subjects: 46 chronic non-specific LBP patients and 46 healthy participants. The
findings for TLF thickness revealed statistically significant differences (p < 0.05) in the longitudinal
and transverse axes between the two groups. Moreover, in the healthy group, a statistically significant
difference was found between the longitudinal and transverse axes (p = 0.001 for left and p = 0.02 for
right), which was not evident in the LBP patients. These findings suggest that the LBP patients
lost anisotropy of the TLF, with it becoming homogeneously thicker and losing adaptability in the
transversal direction. The US imaging evaluation suggests that TLF thickness behavior points out
altered fascial remodelling compared to healthy subjects, a sort of “frozen back”.
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1. Introduction

Lower back pain (LBP) has received much attention in recent years due to substantial
personal and social burden, high disability, and high healthcare expenditure [1,2]. It
is one the most common health problems and has a prevalence of 60-85% in the adult
population [3-5], and the trend has been increasing over the last 20 twenty years [6]. It
is known as pain or stiffness in the area between the 12th costal margin and the inferior
gluteal folds, sometimes accompanied by the presence of pain in the lower extremities [6].
LBP can be classified as non-specific or mechanical LBP [5]. The first one is defined as back
pain of unknown disease; the second one is caused by the pathology of spine, intervertebral
discs, and some surrounding soft tissues. Moreover, LBP can be categorized based on the
duration of pain. Acute LBP is defined when the pain lasts less than 6 weeks, subacute
from 6 weeks up to 3 months, and chronic when it persists for longer than 3 months or is
recurring LBP [7].

Different etiologies have been proposed for LBP. Numerous papers have established
that LBP is attributed to dysfunction of neuro-musculoskeletal system tissues (e.g., nerve
roots, muscles, intervertebral discs, and spinal joints), which can determine and contribute
to LBP either individually or collectively [8-11]. Furthermore, much research in recent
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years has focused on the role of connective tissue, in particular, the thoracolumbar fascia
(TLF) [12-15].

The TLF is one of the main contributors to the rise of non-specific LBP due to it having
a lot of free and capsulate nerve endings, including the Pacini’s and Ruffini’s corpuscles
that are present within it [16-18]. These structures are tightly connected and embedded in
the surrounding fibers of collagen, elastin, and the extracellular matrix (ECM) which fascia
is made of. The TLF contains layers of loose and dense connective tissue that independently
move across each other to facilitate spine movement [19].

The scientific literature suggests that the pathophysiological mechanism is that TLF
inflammation and movement disorders caused by LBP lead to increased stiffness and
decreased flexibility of the TLF and consequently limitation of movement in chronic
LBP [13,20]. Along these lines, LBP may be a consequence of fibrosis or densification
of the fascial layers [13,20].

Ultrasound (US) imaging is a conservative, portable, non-invasive tool that, being
able to visualize the fascial layers [21], has become important in TLF examination [22].
The increase in TLF thickness is a debated parameter to be evaluated during the US
examination of TLE. Few researchers have addressed the problem of US TLF thickness
evaluation. Langevin et al. [14] showed an increase in perimuscular connective tissue
thickness among LBP patients, while Almazan-Polo et al. [23] reported no differences
between athletes with and without chronic lumbopelvic pain. For this reason, the purpose
of this cross-sectional study was to investigate the difference in TLF thickness at the L3 level
of the spine, at a point where the best visibility of the structure is possible, among chronic
non-specific LBP patients and a healthy control group. Therefore, we aimed to find out
an ultrasonographic parameter or difference that can quantify the TLF’s involvement in
chronic non-specific LBP patients.

2. Materials and Methods
2.1. Study Design

A cross-sectional study based on the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement was conducted [24] in order to compare the
US thicknesses of thoracolumbar fascia in the L3 level of the back among lower back pain
patients and healthy volunteers. The Helsinki Declaration and human experimentation
rules [25] were considered and the Ethics Committee of the University of Padua approved
the research. All of the participants were informed prior to inclusion in the project by being
provided with a written consent form.

2.2. Participants

A total sample of 92 subjects was recruited and divided into two groups: “group 1”
comprised 46 subjects with chronic non-specific LBP and “group 2” comprised 46 healthy
subjects, from March 2020 to July 2022. Based on the following criteria, the inclusion
criteria for group 1 participation consisted of some parameters: patients with non-specific
LBP (an evolution > 3 months of LBP) with a history of at least one episode per year of
recurrent pain in the past two years and a minimum score of 3 on the visual analogue scale
(VAS) [26,27]. Moreover, the latter was measured before US imaging. The inclusion criteria
for group 2 were no history of LBP and any limiting pain in daily activities. The exclusion
criteria for both groups included a history of spine and lower extremities surgery, spinal
deformities, severe pain in the lower back, a history of fracture of the spine and lower
extremities, fibromyalgia, balance disorders, and systemic disease such as rheumatological
conditions, diabetes, etc. The healthy volunteers in group 2 were matched with the non-
specific LBP subjects in terms of age, sex, and BML The participants underwent a US
examination to assess their US TLF thickness. The enrollment of the subjects was performed
by a specialized medical doctor with more than 5 years of experience in physical and
rehabilitation medicine.
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2.3. Ultrasound Examination Measurements

Using a high-resolution device (Edge II, Sonosite, FUJIFILM, Inc. 21919, Bothell, WA,
USA) with a frequency range of 6-15 MHz and a screen resolution of 1680 x 1050 pixels,
US images were taken at the L3 level of the lumbar spine with a specific US scan protocol.
A physician specialist in physical and rehabilitation medicine with 7 years of experience
in skeletal muscle US examination and US examination of fasciae carried out the US
assessments. A standardized protocol was created and used to assess the TLF for bilateral
evaluation. The US system speed of ultrasound was ¢ = 1540 m/s, conventionally used in
diagnostic US systems. The US was set to B-mode and depicted a depth of 30 mm. For
adequate scans and to reduce surface pressure on the skin, the ultrasonographer used
suitable amounts of gel. The probe was placed on the skin as lightly as possible to avoid
tissue compression, but it was quite stable to maintain adequate contact between the
probe and the skin for consistent images. To eliminate the influence of possible thickness
variations, three equidistant points per image for TLF were measured and the resulting
values were averaged for analysis. The ultrasonographer followed the same protocol to
ensure that each point of the TLF was quantified in the same way. The US beam was kept
perpendicular to the TLF because anisotropy artifacts typically affect them. The power and
overall gain of the US machine were adjusted to optimize visualization of the fascial planes
and t obtain the best scans possible. The US images were frozen and captured.

The ultrasonographer used the short axis beforehand, because it is the best axis to
visualize and follow the landmarks correlated with the fascial layers’ visualization imaging
used by Pirri et al. [25]; then, the probe was rotated 180° degrees to view at the same point
in the longitudinal scan. A specific protocol was defined:

The L3 level of the lumbar spine: The patient was relaxed in the prone position and
the US transducer was placed parallel to the spine, approximately 2-3 cm lateral to the
L3 spinous process (Figure 1). The scans were taken on the short and long axis, rotating the
transducer 180° degrees, paying close attention to maintaining the same structure in the
center of the US monitoring image, and keeping the probe perpendicular.

Figure 1. (A) Ultrasound measurements protocol of TLF thickness at the L3 level of the lumbar spine.
Starting from the transversal axis to the long axis and rotating the probe 90° degree. Probe: black
rectangle. (B) Transversal/short axis; (C) longitudinal /long axis. Red rectangle: TLF thickness.
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All images for each axis were frozen and captured at the end of each assessment,
and fascial thickness was measured by Image ] analysis software (available online: https:
/ /imagej.nih.gov/ij/, access on 11 March 2023). Each image was divided into three regions;
in each of them, three points representing the best visibility were measured and averaged.
To eliminate the influence of possible thickness variations, three equidistant points for the
image were measured, and the resulting values were averaged for analysis. The scanner
settings were kept constant during the study.

2.4. Statistical Analysis

Statistical analysis was performed using GraphPad PRISM 8.4.2 (GraphPad Software
Inc., San Diego, CA, USA), and p < 0.05 was always considered as the limit for statistical
significance. The resulting effect size was calculated by G Power 3.1 (Universitit Diisseldorf:
Psychologie) and interpreted according to Cohen’s kappa as small (d = 0.20), medium
(d =0.50), and large (d = 0.80) [28]. For TLF thickness, the effect size was d = 0.57 in our pilot
study, as confirmed by another study [29], « error prob = 0.05, power: 1-§3 err prob = 0.85, and the
total sample size was = 90 [28]. Nevertheless, we could include a sample of 92 individuals
in our group.

The normality assessment was carried out using the Kolmogorov—-Smirnov test. De-
scriptive statistics were calculated for both groups separately, including measures of central
tendency and their dispersion ranges using the mean and standard deviation (SD) to de-
scribe parametric data. Finally, a comparative analysis between the chronic non-specific
LBP patients group and the healthy volunteers group was performed using an unpaired
Student’s t-test. The differences in the US-estimated thickness across the different types of
axes were statistically analyzed by a paired Student’s ¢-test. In addition, the Pearson’s test
was employed for both groups to evaluate the correlation between BMI, weight, height,
age, and TLF thickness.

Moreover, a two-way mixed model intra-class correlation coefficient (ICC 3, k) type C
was used to assess the intra-rater reliability. The ICC values were interpreted as poor when
below 0.5, moderate when between 0.5 and 0.75, good when between 0.75 and 0.90, and
excellent when above 0.90 [29].

3. Results

A total of 92 subjects (47 females and 45 males) participated in this study. The descrip-
tive data of the sample are summarized in Table 1. No differences were present for BMI,
height, weight, and age, showing homogeneity among the groups. Group 1 reported a
visual analogue scale (VAS) of 6.8 £ 0.74.

Table 1. Descriptive data of the samples.

Data Group 1 Group 2 p-Value Group 1 vs. Group 2
Age,y 28.96 + 10.54 27.09 + 12.38 p=0.14
Weight, kg 66.22 £ 6.1 70.60 £ 12.20 p =045
Height, cm 168.3 £4.83 171.30 £ 6.76 p=055
BMI, Kg/cm? 23.37 £5.22 24.03 £ 6.1 p=06

Mean =+ standard deviation (SD) was applied.

3.1. Ultrasound Measurements of the Thoracolumbar Fascia
3.1.1. Group 1 (Chronic Non-Specific LBP Patients)

Regarding Table 2, at the L3 level of the spine, the TLF in the chronic non-specific LBP
patients had a mean US thickness of 2.11 £ 0.65 mm (Table 2).
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Table 2. Ultrasound thickness measurements of the thoracolumbar fascia at the L3 level of the
lumbar spine in chronic non-specific LBP patients. Abbreviations: long. = longitudinal scan;

trans. = transversal scan.

Descriptive Statistics Right (long.) Right (trans.) Left (long.) Left (trans.)
Number of values 46 46 46 46
Minimum 0.9 1.2 1.1 1.33
Maximum 5.32 4 3.9 3.8

Mean 2.088 1.948 2.268 2.129

Std. deviation 0.7704 0.6273 0.631 0.6188

Std. error of the mean 0.1136 0.09249 0.09304 0.09124
Coefficient of variation 36.89% 32.2% 27.82% 29.06%

Moreover, the left longitudinal axis thickness was statistically significantly greater
than the right longitudinal axis thickness (p = 0.038); the same was the case for the left
transversal axis vs. the right transversal axis (p = 0.002) (Figure 2).
p=0.038

- p=0.002

N
1

N
1

Thickness (mm)

Group 1 Right long. Group 1 Leftlong. Group 1 Righttransv. Group1 Left transv.

Figure 2. Ultrasound thickness measurements of the TLF in the chronic non-specific LBP patients

(Group 1). Long.: longitudinal axis; transv.: transverse axis.

3.1.2. Group 2 (Healthy Volunteers)

In the healthy volunteers, the TFL thickness at the L3 level of the spine was
1.75 4+ 0.85 mm (Table 3).

Table 3. Ultrasound thickness measurements of the thoracolumbar fascia at the L3 level of the lumbar

spine in the healthy volunteers.

Descriptive Statistics Right (long.) Right (transv.)  Left (long.) Left (transv.)
Number of values 46 46 46 46
Minimum 1.01 1.1 1.1 1.1
Maximum 3.9 2.52 4.6 2.84

Mean 1.75 1.6 1.96 1.7

Std. deviation 0.71 04 0.81 0.51

Std. error of the mean 0.11 0.1 0.12 0.1
Coefficient of variation 40.43% 24.27% 41.28% 30.28%

Abbreviations: long. = longitudinal scan; trans. = transverse scan.

Moreover, the left longitudinal axis thickness was statistically significantly greater than
right longitudinal axis thickness (p < 0.0001), while no statistically significant difference
was present in the left transverse axis vs. the right transverse axis (p = 0.179) (Figure 3).
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p< 0.0001 p=0.179

Thickness (mm)

0_
Group 2 Right long. Group 2 Left long. Group 2 Right transv. Group 2 Left transv.

Figure 3. Ultrasound thickness measurements of the TLF in the healthy volunteers (Group 2).
Long.: longitudinal axis; transv.: transverse axis.

3.2. Ultrasound Measurements of the Thoracolumbar Fascia: Comparison between Group 1
and Group 2

The comparison between the different scans (long. and transv.) between group 1 and
group 2 showed a statistically significant difference in the US TLF thickness (Table 4). These
differences were present not only for both the longitudinal axis and the transverse axis, but
also for both the right and left sides.

Table 4. Ultrasound measurements comparison between group 1 and group 2. Only statistically
significant differences are reported.

Type of Comparison Mean Diff. t p-Value

Group 1 Right (long.) vs. Group 2 Right (long.) 0.3333 2.019 p <0.05

Group 1 Right (transv.) vs. Group 2 Right (transv.) 0.3450 3.085 p=0.03

Group 1 Left (long.) vs. Group 2 Left (long.) 0.3059 2117 p=0.03
Group 1 Left (transv.) vs. Group 2 Left (transv.) 0.4587 3.887 p =0.0003

3.3. Ultrasound Measurements of the Thoracolumbar Fascia Thickness: Comparison between
Group 1 and Group 2 for Both the Longitudinal Axis and the Transverse Axis

According to the paired Student’s t-test (Table 5), the comparison between the different
axes in the US examination of the TLF thickness within each group showed a statistically sig-
nificant difference between the longitudinal and the transverse axes in group 2 for both sides
(Group 2 Left long. vs. Group 2 Left transv.: p = 0.001; Group 2 Right long. vs. Group 2
Right transv.: p = 0.02) (Table 4). Moreover, in group 2, the TLF had a greater thickness in
the longitudinal axis than in the transverse axis (Table 3).

Table 5. Ultrasound measurements comparison between th edifferent axes in the US examination of
the TLF thickness within each group. Bold: statistically significant differences.

Type of Comparison Mean Diff. t p-Value

Group 1 Left (long.) vs. Group 1 Left (transv.) —0.1391 1.922 p=0.06
Group 1 Right (long.) vs. Group 1 Right (transv.) —0.1497 1.941 p=0.08
Group 2 Left (long.) vs. Group 2 Left (transv.) 0.2920 3.306 p =0.001
Group 2 Right (long.) vs. Group 2 Right (transv.) 0.1524 2.347 p=0.02

Regarding group, 1 no statistically significant difference was shown (Table 4, Figure 2).

3.4. Correlation Ultrasound Measurements and Descriptive Data

According to the correlation analysis, there was a statistically significant correlation between
VAS and US TLF thickness in the right transverse axis for group 1 (r = 0.2920; p = 0.049).
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3.5. Intra-Rater Reliability

In addition, the intra-rater reliability was reported as good and excellent. The results
for the longitudinal TLF were: left longitudinal (group 1: ICCj: 0.91; 0.88-0.94—group 2:
ICC;3y: 0.92; 0.88-0.96) and right longitudinal (group 1: ICC3: 0.92; 0.88-0.96—group 2:
ICC5: 0.92; 0.88-0.96). In the transverse TLF: left (group 1: ICCj: 0.88; 0.85-0.90—group 2:
ICC3y: 0.88; 0.85-0.90) and right (group 1: ICCj: 0.88; 0.85-0.90—group 2: ICCj : 0.88;
0.85-0.90) (Table 6).

Table 6. Intra-rater reliability of the ultrasound TLF measurements within the different axes of group 1

and group 2.
Type of Axis ICC

Group 1 Left (long.) 0.91 (0.88-0.94)

Group 1 Left (transv.) 0.88 (0.85-0.90)

Group 1 Right (long.) 0.92 (0.88-0.96)

Group 1 Right (transv.) 0.88 (0.85-0.90)

Group 2 Left (long.) 0.92 (0.88-0.96)

Group 2 Left (transv.) 0.88 (0.85-0.90)

Group 2 Right (long.) 0.92 (0.88-0.96)

Group 2 Right (transv.) 0.88 (0.85-0.90)

4. Discussion

Based on our current knowledge, this study may be stated as the first study detailing
the TLF thickness at the L3 level of the lumbar spine in chronic non-specific LBP patients
compared with healthy volunteers. As has been reported by other studies examining the
TLF, the TLF was easily visualized in the longitudinal and transverse axes, appearing with
multilayer, linear, and hyperechogenic layers below the subcutaneous tissue [30,31].

The study’s primary aim was to investigate the difference in the TLF thickness at
the L3 level of the lumbar spine in chronic non-specific LBP patients compared with
healthy volunteers. An analysis of our results on the TLF thickness showed that in group 1,
at the longitudinal and transverse axes, it was thicker (long. = 2.20 &= 0.8 mm; transv.:
2.10 £ 0.61 mm) (Table 2) than group 2 (long. = 1.90 & 0.8 mm; transv.: 1.65 £ 0.45 mm)
(Table 3), showing statistical differences (Table 4, Figure 4).

Figure 4. Ultrasound images of the TLF thickness: (A) Group 1: transverse axis; (B) Group 1: longitudinal
axis; (C) Group 2: transverse axis; (D) Group 2: longitudinal axis. Red square: TLE.

In light of these findings, the TLF tends to be thicker in the chronic non-specific LBP
patients. It remodeled over time in response to repetitive stresses created by pre-existing
altered movement patterns due to repetitive motion, habitual posture, and sports [13].
Moreover, the TLF playing an important role in myofascial force transmission [14] can
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easily change in terms of stiffness and movement impairment, remodelling itself in de-
bilitated tissue that is densified and fibrotic. These results have confirmed, as has been
demonstrated by other studies [13-15], that in chronic LBP, microinjury and/or inflam-
mation influence nociceptor activation and body movement patterns through a series of
interrelated mechanisms that also include aberrant afferent input and maladaptive tissue
remodelling [32].

In addition, statistically significant differences in the TLF thickness were evident
between the longitudinal and transverse axes within group 2 for both sides (Group 2 Left
long. vs. Group 2 Left transv.: p = 0.001; Group 2 Right long. vs. Group 2 Right transv.:
p = 0.02) (Table 4). Pirri et al. [27] showed that expertise in US imaging and identifying
anatomical landmarks from a fascial point of view is fundamental, as is the position of
the probe and the type of axis; for this reason, we decided to create this protocol for
the TLFE. Indeed, the latter has a specific basal tension in physiological conditions which
lets it perceive the contraction of the underlying muscles due to local mechanoreceptors.
This effect permits us to perceive the lateral transmission of force. An alteration to the
viscoelastic features of the TLF, which is anatomically in contiguity with it, can modify the
field lines of traction within the fascial tissue, creating an alteration in its basal tension.
Possibly, we hypothesize that these differences between the longitudinal and transverse
axes are evident in healthy volunteers due to normal fascial adaptation to the lateral
transmission of force, while in chronic non-specific LBP patients, fascial remodelling creates
a situation of blockage of the normal movement with a decrease in fascial adaptation,
maintaining the same thickness in the two axes.

Moreover, these findings extend those about the anisotropic behavior of fasciae [33],
confirming how a healthy TLF has a good adaptive capacity that is different in multiple
directions of movement [34]. According to our data, the patients with chronic non-specific
LBP lost TLF anisotropy, with it becoming homogeneously thicker. The aponeurotic fasciae,
as with the TLE, are usually more rigid in the longitudinal direction, working as a tendon,
connecting different body segments and different muscles, and being more adaptable in the
transversal direction [34]. This behavior allows the adaptability of the fasciae to the volume
variation of the underlying muscles. In our patients, the US evaluation suggests that the
TLF lost this anisotropic behavior, with it becoming thicker and rigid in both directions, a
sort of “frozen back”.

Myofascial pathways of force have been observed at various levels including between
adjacent fibers [35]. The use of advanced magnetization transfer contrast imaging (MRI)
has demonstrated the effect of aging but also the effect of disuse on the remodelling of
the extracellular matrix by force transmission in the human musculoskeletal system [36].
Indeed, in chronic non-specific LBP patients, some authors have suggested micro-injuries of
paraspinal connective tissue and the TLF as possible causes of LBP [37]. Adhesions between
TLF layers and epimysium of the erector spinae and multifidus muscles and densification
of the TLF are considered determinants of LBP [38]. All of this alters and limits daily
movement determining the flaccidity of lumbar segments and altered pattern motion [12].
That being said, the alteration in the muscle activation patterns in chronic non-specific LBP
patients modifies the proprioception of these subjects in a cascade (Figure 5).

Furthermore, the correlation between VAS and US TLF thickness in the right transverse
axis for group 1 (r = 0.2920; p = 0.049) could be explained by the fact that after the TLF
becomes densified and sensitized, those free endings will be more and more stimulated
when the TLF is strained by the contraction of the muscle. For this reason, a vicious circle
of a “frozen back” leads to fascial remodelling that blocks the stretch of free nerve endings
to reduce pain, maintaining homogeneous and greater thickness.

The results have confirmed, as has been demonstrated by other studies, that there is
good and excellent intra-rater reliability in the US assessment of the deep fasciae, in the
case of sonographers with optimal US technical skills and fascial anatomy knowledge [27].

This is the first work to our knowledge to examine and compare the TLF thickness in
different axes using US imaging between chronic non-specific LBP patients and healthy
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volunteers. Future longitudinal studies including a larger number of patients will be able
to contribute to our knowledge of the pathophysiology of different thickness patterns. US
may also be able to uncover changes that are invisible during clinical examination. Finally,
being able to define TLF thickness in fascial dysfunction would facilitate a more targeted
approach to treatment.

Erector Spinae
Muscles

Erector Spinae
Muscles

D

Figure 5. Ultrasound images of the TLF thickness: (A) Group 1: transverse axis; (B) Group 1: non-
tensional force on the TLF; (C) Group 2: TLF profile in the transverse axis; (D) Group 2: TLF profile
in the transverse axis. Red square: TLF.

Limitation of Study

The low power of the study means that it is not possible to statistically analyze
the prevalence of the US findings as well as explain their possible causes, prognostic
significance, and therapeutic implications. Moreover, the US examination of TLF morphol-
ogy greatly depends on the skill of the sonographer as well as the proper setting of the
US device.

5. Conclusions

US permits an optimal visual examination of the fascial layers in patients with chronic
non-specific LBP, with it being a safe, inexpensive, non-invasive, portable, and, most of
all, effective instrument that can help clinicians to better understand fascial dysfunction
and pathology. In addition, it may reveal changes not highlighted by normal clinical
examination. A few of these changes require further investigation because they have not
yet been described. To conclude, the study results confirm that in chronic non-specific LBP
patients, the TLF is thicker than in healthy volunteers. Moreover, in these patients, no
statistically significant difference was found between the longitudinal and transverse axes,
which was instead evident in the healthy subjects. The TLF thickness behavior in these
patients points out altered fascial remodelling that maintains a homogenous and greater
thickness compared to the healthy subjects, a sort of “frozen back”.



Diagnostics 2023, 13, 1436 10 of 11

Author Contributions: Conceptualization, C.P. and C.S.; methodology, C.P., N.P,, D.G. and C.S,;
software, C.P. and D.G,; validation, C.P., N.P,, D.G., VM., AP, RD.C. and C.S,; formal analysis,
CP,N.P,D.G, VM, AP, RD.C. and C.S;; investigation, C.P. and N.P; resources, C.P. and C.S.;
data curation, C.P. and N.P.; writing—original draft preparation, C.P.; writing—review and editing,
C.P,N.P. and C.S,; visualization, C.P, N.P, D.G., VM., AP, RD.C. and C.S,; supervision, C.P. and
C.S.; project administration, C.P. 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 Ethics Committee of the University of Padua approved
the research. Ethical approval was not sought for the present study by the ethical committee of the
Institute of Anatomy of the University of Padua because it was just an observational study without
treatment and only involved volunteers. This study was completed in accordance with the Helsinki
Declaration, as revised in 2013.

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

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: The authors thank the Institute of Human Anatomy, University of Padova.

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

References

1. Knezevic, N.N.; Candido, K.D.; Vlaeyen, ].W.S.; Van Zundert, J.; Cohen, S.P. Low back pain. Lancet 2021, 398, 78-92. [CrossRef]
[PubMed]

2. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and
years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789-1858. [CrossRef] [PubMed]

3. Loney, P.L,; Stratford, P.W. The prevalence of low back pain in adults: A methodological review of the literature. Phys. Ther. 1999,
79, 384-396. [CrossRef] [PubMed]

4. Minghelli, B. Musculoskeletal spine pain in adolescents: Epidemiology of non-specific neck and low back pain and risk factors.
J. Orthop. Sci. 2020, 25, 776-780. [CrossRef] [PubMed]

5. Andersson, G.B. Epidemiological features of chronic low-back pain. Lancet 1999, 354, 581-585. [CrossRef] [PubMed]

6. Will, J.S.; Bury, D.C.; Miller, J.A. Mechanical low back pain. Am. Fam. Physician 2018, 98, 421-428.

7. Herlin, C.; Kjaer, P.,; Espeland, A.; Skouen, J.S.; Leboeuf-Yde, C.; Karppinen, J.; Niiniméki, J.; Serensen, ].S.; Storheim, K.; Jensen,
T.S. Modic changes their associations with low back pain and activity limitation: A systematic literature review and meta-analysis.
PLoS ONE 2018, 13, €0200677. [CrossRef]

8. Manchikanti, L.; Benyamin, R.M.; Singh, V.; Falco, EJ.; Hameed, H.; Derby, R.; Wolfer, L.R.; Helm, S.; Calodney, A.K.; Datta,
S.; et al. An update of the systematic appraisal of the accuracy and utility of lumbar discography in chronic low back pain.
Pain Phys. 2013, 16 (Suppl. S2), SE55-95. [CrossRef]

9.  Simopoulos, T.; Manchikanti, L.; Singh, V.; Gupta, S.; Hameed, H.; Diwan, S.; Cohen, S.P. A systematic evaluation of prevalence
and diagnostic accuracy of sacroiliac joint interventions. Pain Phys. 2012, 15, E305-E344. [CrossRef]

10.  Vining, R.D.; Shannon, Z.K.; Minkalis, A.L.; Twist, E.J. Current evidence for diagnosis of common conditions causing low back
pain: Systematic review and standardized terminology recommendations. J. Manip. Physiol. Ther. 2019, 42, 651-664. [CrossRef]

11.  Nijs, J.; Apeldoorn, A.; Hallegraeff, H.; Clark, J.; Smeets, R.; Malfliet, A.; Girbes, E.L.; De Kooning, M.; Ickmans, K. Low back pain:
Guidelines for the clinical classification of predominant neuropathic, nociceptive, or central sensitization pain. Pain Phys. 2015,
18, E333-E346. [CrossRef]

12. Hodges, P.W.; Danneels, L. Changes in structure and function of the back muscles in low back pain: Different time points,
observations, and mechanisms. J. Orthop. Sports Phys. Ther. 2019, 49, 464-476. [CrossRef] [PubMed]

13. Langevin, H.M.; Sherman, K.J. Pathophysiological model for chronic low back pain integrating connective tissue and nervous
system mechanisms. Med. Hypotheses 2007, 68, 74-80. [CrossRef]

14. Langevin, HM.; Stevens-Tuttle, D.; Fox, ].R.; Badger, G.J.; Bouffard, N.A.; Krag, M.H.; Wu, J.; Henry, S.M. Ultrasound evidence
of altered lumbar connective tissue structure in human subjects with chronic low back pain. BMC Musculoskelet. Disord. 2009,
10, 151. [CrossRef] [PubMed]

15. Langevin, H.M.; Fox, ].R.; Koptiuch, C.; Badger, G.J.; GreenanNaumann, A.C.; Bouffard, N.A.; Konofagou, E.E.; Lee, W.-N.;
Triano, J.J.; Henry, S.M. Reduced thoracolumbar fascia shear strain in human chronic low back pain. BMC Musculoskelet. Disord.
2011, 12, 203. [CrossRef] [PubMed]

16. Schilder, A.; Hoheisel, U.; Magerl, W.; Benrath, J.; Klein, T.; Treede, R.D. Sensory findings after stimulation of the thoracolumbar

fascia with hypertonic saline suggest its contribution to low back pain. Pain 2014, 155, 222-231. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(21)00733-9
https://www.ncbi.nlm.nih.gov/pubmed/34115979
https://doi.org/10.1016/S0140-6736(18)32279-7
https://www.ncbi.nlm.nih.gov/pubmed/30496104
https://doi.org/10.1093/ptj/79.4.384
https://www.ncbi.nlm.nih.gov/pubmed/10201544
https://doi.org/10.1016/j.jos.2019.10.008
https://www.ncbi.nlm.nih.gov/pubmed/31708228
https://doi.org/10.1016/S0140-6736(99)01312-4
https://www.ncbi.nlm.nih.gov/pubmed/10470716
https://doi.org/10.1371/journal.pone.0200677
https://doi.org/10.36076/ppj.2013/16/SE55
https://doi.org/10.36076/ppj.2012/15/E305
https://doi.org/10.1016/j.jmpt.2019.08.002
https://doi.org/10.36076/ppj.2015/18/E333
https://doi.org/10.2519/jospt.2019.8827
https://www.ncbi.nlm.nih.gov/pubmed/31151377
https://doi.org/10.1016/j.mehy.2006.06.033
https://doi.org/10.1186/1471-2474-10-151
https://www.ncbi.nlm.nih.gov/pubmed/19958536
https://doi.org/10.1186/1471-2474-12-203
https://www.ncbi.nlm.nih.gov/pubmed/21929806
https://doi.org/10.1016/j.pain.2013.09.025
https://www.ncbi.nlm.nih.gov/pubmed/24076047

Diagnostics 2023, 13, 1436 11 of 11

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Suarez-Rodriguez, V.; Fede, C.; Pirri, C.; Petrelli, L.; Loro-Ferrer, J.E; Rodriguez-Ruiz, D.; De Caro, R.; Stecco, C. Fascial
Innervation: A Systematic Review of the Literature. Int. J. Mol. Sci. 2022, 23, 5674. [CrossRef] [PubMed]

Mense, S. Innervation of the thoracolumbar fascia. Eur. J. Transl. Myol. 2019, 29, 8297. [CrossRef]

Willard, FH.; Vleeming, A.; Schuenke, M.D.; Danneels, L.; Schleip, R. The thoracolumbar fascia: Anatomy, function and clinical
considerations. J. Anat. 2012, 221, 507-536. [CrossRef]

Casato, G.; Stecco, C.; Busin, R. Role of fasciae in nonspecific low back pain. Eur. |. Transl. Myol. 2019, 29, 8330. [CrossRef]

Pirri, C.; Stecco, C.; Fede, C.; Macchi, V.; Ozcakar, L. Ultrasound Imaging of the Fascial Layers: You See (Only) What You Know.
J. Ultrasound Med. 2020, 39, 827-828. [CrossRef]

Pirri, C.; Ricci, V.; Stecco, C.; Ozcakar, L. Clinical and Ultrasound Examination of the Thoracolumbar Fascia: The Hands and the
Probe Together. Am. J. Phys. Med. Rehabil. 2021, 100, e157—€158. [CrossRef] [PubMed]

Almazan-Polo, ].; Lopez-Lépez, D.; Romero-Morales, C.; Rodriguez-Sanz, D.; Becerro-de-Bengoa-Vallejo, R.; Losa-Iglesias, M.E.;
Bravo-Aguilar, M.; Calvo-Lobo, C. Quantitative Ultrasound Imaging Differences in Multifidus and Thoracolumbar Fasciae
between Athletes with and without Chronic Lumbopelvic Pain: A Case-Control Study. J. Clin. Med. 2020, 9, 2647. [CrossRef]
[PubMed]

Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Getzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin. Epidemiol.
2008, 61, 344-349. [CrossRef] [PubMed]

World Medical Association declaration of Helsinki: Ethical principles for medical research involving human subjects. JAMA 2013,
310, 2191-2194. [CrossRef]

Schnapp, W.; Martiatu, K.; Delcroix, G.J. Basivertebral nerve ablation for the treatment of chronic low back pain in a community
practice setting: 6 Months follow-up. N. Am. Spine Soc. ]. 2023, 14, 100201. [CrossRef]

Bi, M.; Ding, W.; Zheng, M.; Peng, Z.; Li, ].; Ding, S. Arthroscopic Superior Capsule Reconstruction with Combined Fascia Lata
Autograft and Synthetic Scaffold Patch Graft for the Treatment of Irreparable Rotator Cuff Tears Yields Favorable Clinical and
Radiographic Outcomes at Minimum Two-Year Follow-Up. Arthroscopy 2023, ahead of print. [CrossRef]

Pirri, C.; Pirri, N.; Porzionato, A.; Boscolo-Berto, R.; De Caro, R.; Stecco, C. Inter- and Intra-Rater Reliability of Ultrasound
Measurements of Superficial and Deep Fasciae Thickness in Upper Limb. Diagnostics 2022, 12, 2195. [CrossRef]

Cohen, ]. Things I have learned (so far). Am. Psychol. 1990, 45, 1304-1312. [CrossRef]

Koo, TK.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155-163. [CrossRef]

Brandl, A.; Egner, C.; Reer, R.; Schmidt, T.; Schleip, R. Associations between Deformation of the Thoracolumbar Fascia and
Activation of the Erector Spinae and Multifidus Muscle in Patients with Acute Low Back Pain and Healthy Controls: A Matched
Pair Case-Control Study. Life 2022, 12, 1735. [CrossRef] [PubMed]

Tamartash, H.; Bahrpeyma, F.; Mokhtari Dizaji, M. Ultrasound evidence of altered lumbar fascia in patients with low back pain.
Clin. Anat. 2023, 36, 36—41. [CrossRef] [PubMed]

Wilke, ].; Schleip, R.; Klingler, W.; Stecco, C. The lumbodorsal fascia as a potential source of low back pain: A narrative review.
BioMed Res. Int. 2017, 2017, 5349620. [CrossRef]

Bonaldi, L.; Berardo, A.; Pirri, C.; Stecco, C.; Carniel, E.L.; Fontanella, C.G. Mechanical Characterization of Human Fascia Lata:
Uniaxial Tensile Tests from Fresh-Frozen Cadaver Samples and Constitutive Modelling. Bioengineering 2023, 10, 226. [CrossRef]
[PubMed]

Pavan, P.G.; Pachera, P.; Stecco, C.; Natali, A.N. Biomechanical behavior of human crural fascia in anterior and posterior regions
of the lower limb. Med. Biol. Eng. Comput. 2015, 53, 951-959. [CrossRef]

Huijing, P.A. Muscle as a collagen fiber reinforced composite: A review of force transmission in muscle and whole limb. J. Biomech.
1999, 32, 329-345. [CrossRef]

Sinha, U.; Malis, V.; Chen, ].S.; Csapo, R.; Kinugasa, R.; Narici, M.V.; Sinha, S. Role of the Extracellular Matrix in Loss of Muscle
Force With Age and Unloading Using Magnetic Resonance Imaging, Biochemical Analysis, and Computational Models. Front
Physiol. 2020, 11, 626. [CrossRef]

Schleip, R.; Vleeming, A.; Lehmann-Horn, F,; Klingler, W. Letter to the Editor concerning “A hypothesis of chronic back pain:
Ligament subfailure injuries lead to muscle control dysfunction” (M. Panjabi). Eur. Spine J. 2007, 16, 1733-1735. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijms23105674
https://www.ncbi.nlm.nih.gov/pubmed/35628484
https://doi.org/10.4081/ejtm.2019.8297
https://doi.org/10.1111/j.1469-7580.2012.01511.x
https://doi.org/10.4081/ejtm.2019.8330
https://doi.org/10.1002/jum.15148
https://doi.org/10.1097/PHM.0000000000001728
https://www.ncbi.nlm.nih.gov/pubmed/34137564
https://doi.org/10.3390/jcm9082647
https://www.ncbi.nlm.nih.gov/pubmed/32823967
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://www.ncbi.nlm.nih.gov/pubmed/18313558
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/j.xnsj.2023.100201
https://doi.org/10.1016/j.arthro.2023.02.025
https://doi.org/10.3390/diagnostics12092195
https://doi.org/10.1037/0003-066X.45.12.1304
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.3390/life12111735
https://www.ncbi.nlm.nih.gov/pubmed/36362889
https://doi.org/10.1002/ca.23964
https://www.ncbi.nlm.nih.gov/pubmed/36199243
https://doi.org/10.1155/2017/5349620
https://doi.org/10.3390/bioengineering10020226
https://www.ncbi.nlm.nih.gov/pubmed/36829719
https://doi.org/10.1007/s11517-015-1308-5
https://doi.org/10.1016/S0021-9290(98)00186-9
https://doi.org/10.3389/fphys.2020.00626
https://doi.org/10.1007/s00586-006-0298-2

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Ultrasound Examination Measurements 
	Statistical Analysis 

	Results 
	Ultrasound Measurements of the Thoracolumbar Fascia 
	Group 1 (Chronic Non-Specific LBP Patients) 
	Group 2 (Healthy Volunteers) 

	Ultrasound Measurements of the Thoracolumbar Fascia: Comparison between Group 1and Group 2 
	Ultrasound Measurements of the Thoracolumbar Fascia Thickness: Comparison between Group 1 and Group 2 for Both the Longitudinal Axis and the Transverse Axis 
	Correlation Ultrasound Measurements and Descriptive Data 
	Intra-Rater Reliability 

	Discussion 
	Conclusions 
	References

