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Abstract

Objective. The aim of this work is to demonstrate how the chronicity of low back pain can
modify the trophism of the paraspinal muscles, by performing an ultrasound and MRI
evaluation of the paraspinal muscles in the lumbar spine and correlating it to the time of onset
of low back pain.

Materials and Methods. An ultrasound evaluation was carried out in the lumbar area with a

5-17 MHz linear probe of the paraspinal muscles of the lumbar region, compared with the
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MRI of the lumbar spine, in patients presented to our attention for chronic low back pain (>6
months), from January 2021 to January 2023. In each patient, two series of images were
analyzed, in the coronal and sagittal planes.

Results. Between January 2021 and January 2023, a total of 79 patients were retrospective
evaluated by ultrasound for chronic low back pain. The patients, including 45 men and 34
women, had a mean age of XX years (min XX— max XX). In the evaluation of the
paravertebral musculature profile, XX patients (XX%) showed paravertebral musculature
hypotrophy with a concave profile. Measurement of fascia thickness showed a mean
thickness of XX mm with a range of XX to XX mm and an interquartile range of XX — XX
mm.

Conclusion. In the evaluation of chronic low back pain carried out with MRI and ultrasound,
the paravertebral musculature profile and the thickness of the thoracolumbar fascia are two
instrumental data which, associated with the proposed classification and correlated to the

clinical picture, allow to determine the chronicity of the pathological picture.
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50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Introduction

Low back pain is an extremely common issue, affecting 60 to 85% of people over the course
of a lifetime, with an increasing trend over the past 20 years [1, 2]. Low back pain is defined
as the presence of pain between the 12th rib and the gluteal region, with or without irradiation
to the lower limbs [1, 2]. From a temporal point of view, low back pain can be classified as
acute when the symptomatology is less than 6 weeks, subacute when the symptomatology is
between 6 weeks and 3 months, and chronic when greater than 3 months [3]. The etiology of
low back pain remains vague, with many mechanisms proposed, from skeletal involvement to
motor or psychological disorders [1]. Recently, the role of connective tissues, particularly
that of the thoracolumbar fascia (TLF), has been investigated [4-6].

Fascia is defined as a connective tissue composed of irregularly arranged collagen fibers; this
arrangement makes it a very good tissue to withstand tension forces and less suitable to
withstand forces in compression [7]. The TLF is formed by the fusion of the aponeurotic and
fascial planes that form the retinaculum around the lumbosacral paraspinal muscles [7]. Its
role is to balance and distribute forces between the spine, pelvis and lower limbs during
standing and walking. The thoracolumbar fascia plays an important role in maintaining
posture through synergy with the spinal muscles and is one of the key elements in supporting
the spinal column [8]. Several studies have indeed shown that alterations of the TLF in length
or thickness or its inflammation can lead to the occurrence of low back pain. Alterations in
the thickness of the TLF are in fact associated with changes in its elasticity and flexibility,
consequently going to reduce the granted range of motion [5, 9-11]. This reduction may
persist even after the resolution of pain symptoms [12].

The alteration of TLF is thought to be due to the underlying inflammation and antalgic
limitation of movement in low back pain; this results in increased stiffness and decreased

elasticity of the TLF with a consequent reduction in the amount of movement granted in
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chronic low back pain [13]. Due to the reduction in movement, the paravertebral musculature
undergoes a degenerative process that results in its hypotrophy, creating a vicious cycle for
the maintenance of low back pain [14].

Ultrasound evaluation is a conservative, portable, non-invasive method that lends itself very
well to the study of subcutaneous structures and perimuscular connective tissues and
compared with MRI it allows a study of the paravebral and gluteal muscles and trophism [17-
20]. The relationship between the trophic state of the paravertebral muscles and the thickness
of the lumbar fascia and chronic low back pain remains a debated topic.

The aim of the present work is to investigate through lumbar ultrasound evaluation and MRI
of the lumbar spine whether the duration of painful symptoms in chronic low back pain is
correlated to an alteration of the trophic state of the paravertebral muscles and whether this in

turn is correlated to the thickness of the thoracolumbar fascia.

Material and Methods

In the interval from January 1%, 2021, to June 31%, 2023, ultrasound and MRI of lumbar spine
evaluation was performed in patients who presented to our attention for chronic nonspecific
low back pain. Inclusion criteria were duration of algic symptomatology greater than 6
months with at least. 3 pain episode per year in the past 2 years. In contrast, patients with a
history of spinal surgery, spinal deformity, or history of vertebral fractures were excluded.

The age, sex and duration of algic symptoms were recorded for each patient.

Ultrasound Assessment
Ultrasound evaluation was performed with a high-resolution ultrasound scanner and linear
probe with a frequency range of 5.0-17.0 MHz Sonoscape X3 Pro, with the patient prone.

Two sets of images were analyzed for each patient: the first to assess the state of trophism of
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the paravertebral musculature and the second to assess the thickness of the thoracolumbar
fascia. The first image was acquired with the probe positioned on the short axis at the level of
the postero-superior iliac spine, on the side reported as most painful by the patient. In
contrast, the second image was acquired on the long axis with the center of the probe placed
2-3 cm lateral to the transverse process of L3 [5].

Specifically, in the first scan, the profile of the paravertebral musculature was evaluated to
identify its curve with respect to the horizontal plane. The profile was described in three
ways, through the classification presented: convex, flat or concave (Figure 1). A statistical
analysis was then performed to search for any relationship between the profile of the
musculature and age or duration of symptomatology.

In the second scan, the thickness of the fascia was calculated at three separate points. The
final result recorded was the average of the three values.

All ultrasound images were compared with high-field MRI (>1.5 T) of the lumbar spine.
Almost all patients, once they came to our attention, had already undergone an MRI for

chronic low back pain prescribed by their family doctors (Figure 2 e 3).

Statistical Analysis

A statistical cross-validation was then performed to assess any associations between the
profile of the paravertebral musculature and the thickness of the thoracolumbar fascia. In the
statistical evaluation, the thickness variable was converted from continuous to categorical by
choosing 2.00 mm as the cut-off value.

Statistical analysis was performed using the STATA statistical program (version 12, Stata
Corp., College Station, Texas). Variables with non-normal distribution were presented with

median and interquartile range. Statistical analysis was performed using the Kruskal Wallis
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test for continuous variables and the Fisher Exact test for categorical variables. Statistical

significance was set at p<0.05.

Results

In the time interval from January 1%, 2021 to June 31%, 2023, a total of 79 patients were
ultrasound-assessed for chronic nonspecific low back pain. The patients, including 45 women
and 34 men, had a mean age of XX years (min XX - max XX) and a median duration of
symptomatology of 8 months (IQR XX-XX months).

In the evaluation of the paravertebral muscle profile, a marked predominance of the convex
profile was found. Specifically, 45 patients (XX%) showed this profile. Of the remaining XX
patients, XX (XX%) had a flat profile and XX (XX%) had a concave profile.

This subdivision did not show a statistically significant correlation with age (p=XX),
although it did increase slightly in the concave profile population in whom an increase in
median age of about 2 years was found (XX years versus XX years for the convex profile and
XX years for the flat profile).

In contrast, the difference in the duration of pain symptomatology with respect to the
musculature profile was shown to be statistically significant (p<0.001). In fact, in the concave
profile population, the duration of symptomatology was XX months (IQR XX-XX),
significantly longer than the XX months (IQR XX-XX) and XX months (IQR XX-XX) of the
convex and flat profile, respectively.

On the contrary, the difference in the duration of painful symptoms compared to the muscular
profile proved to be statistically significant (p<0.001). In fact, in the population with a
concave profile, the duration of symptoms was XX months (IQR XX-XX), significantly
longer than the XX months (IQR XX-XX) and X months (IQR XX-XX) in the population

with convex and flat profile, respectively.
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Fascia thickness measurement showed a mean thickness of XX mm with a range of XX to
XX mm and an interquartile range of XX to XX mm.

The convex profile was present in XX patients, XX% of cases (XX men and XX women); the
flat profile was present in XX patients, XX% of cases (XX males and XX women); instead
the concave profile was present in XX patients, in XX% of cases (XX men and XX women).
In the cross-validation of profile and thickness, a correlation was found with the
thoracolumbar fascia with thickness < 2mm and concave profile in XX% of cases, with
thickness of the fascia between 2 and 2.5 mm and flat profile in XX%, with thickness > 2.5
mm and concave profile in XX%.

SEGNARE IL NUMERO DI PAZIENTI CHE AVEVANO INCONGRUENZA TRA

PROFILO SAGITTALE CON ULTRASOUND ED RMN SECONDO CLASSIFICAZIONE

Discussion

The present study aimed to study the relationship between the duration of chronic low back
pain and the trophic status of the paravertebral musculature and thoracolumbar fascia by
lumbar ultrasound evaluation. It was inferred that in about a quarter of patients there is an
inversion of the physiological profile of the paravertebral musculature and that in turn this
finding correlates positively with the duration of algic symptoms. Analysis of its correlation
with age showed a slight trend, but without reaching statistical significance. In about two-
thirds of the patients, however, thickening of the thoracolumbar fascia was found, with values
greater than 2mm, with a prevalence in the groups with altered muscle trophism.

Ultrasound study of the muscle profile provides direct measurement of the state of muscle
trophism. A normotrophic paravertebral musculature has a convex profile and going through
an involutional process passes initially for a flat and then concave profile, indicative of

important muscle hypotrophy. We emphasize, however, that during clinical practice, when
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evaluating the grade of hypotrophy, in addition to the profile of the musculature it is
important to evaluate two other aspects: increased echogenicity due to adipose degeneration
and homogenization of the ecostructure with frosted glass appearance. These parameters
show muscle involution, which will therefore be more severe than simple muscle volume
reduction [16].

With the data derived from the present study, we therefore propose a new staging system
(Table 1) that associates the thickness of the thoracolumbar fascia with the description of the
profile of the paravertebral musculature according to the above-presented ultrasound
classification (Galletti’s classification).

The results of the present study allow us to hypothesize the pathogenetic course of chronic
nonspecific low back pain [17]. In a physiological state, the paravertebral musculature,
presenting trophism in the normal range, has a convex profile. With inflammation of the
thoracolumbar fascia and, subsequently, with its fibrotization, there is an increase in stiffness
and a reduction in its elasticity. This change leads to a reduction in the motility of the lumbar
spine, and like all muscles, the paravertebral musculature, when subjected to inactivity, also
undergoes involutional phenomena [5, 9-11]. Age-related degeneration alone does not justify
reversal of the ultrasound profile [18]. The longer the duration of algic symptoms, the greater
the degree of muscle hypotrophy.

The proposed ultrasound classification allows the degree of hypotrophy to be determined
with a simple scan. The profile of the musculature is of immediate appreciation. This value
becomes more valuable when associated with the calculation of fascial thickness. This, on the
other hand, is slightly more time-consuming and requires a good knowledge of the instrument
since we are dealing with very small thicknesses variations. As previously demonstrated by
other studies in the literature, the consistency in calculating these values is high, provided the

operator is technically proficient and anatomically knowledgeable.
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All these patients were also evaluated with MRI of the lumbar spine, from which it emerges
that it is possible to correlate the ultrasound evaluation (operator dependent) to that of the
MRI.

With the MRI it was possible to evaluate the profile on the axial plane of the trophism of the
paravertebral and gluteal muscles, and to carry out measurements of the sagittal profile.

It was highlighted that they correspond to ultrasound measurements taken in the same points
of the lumbar spine.

Fascial thickening in chronic nonspecific low back pain remains a debated topic. While
Almazan-Polo et al. [19] showed no change in fascial thickness, Langevin et al. [5] instead
reported thickening of this structure. More recently Pirri et al. [17] showed that an increase in
thoracolumbar fascia thickness was present in patients with chronic nonspecific low back
pain, however, no cut-off had ever been introduced in any study. Our cut-off of 2 mm is not a
diagnostic parameter for inflammation or fibrosis of the fascia, but solely a parameter that
likely correlates with a pathological picture. The absence of a clear relationship between
thickness and clinic, demonstrated by the presence of patients with a thickness of less than 2
mm despite the fact that a picture of advanced muscular hypotrophy was present, prevents the
establishment of an unambiguous diagnostic cut-off value. Based on the values we obtained,
however, we believe that the proposed value can provide an easy-to-remember value with
clinical potential.

The present study has some limitations. The case series is quite small, especially when
divided into the three populations, and this may skew the statistical evaluation. Another
limitation is that ultrasonography is an operator-dependent diagnostic examination and is
therefore determined by the position in the three dimensions of the probe, as well as the

pressure of the probe on the tissues.
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In the future, through more detailed collection of clinical information, it will be possible to
correlate the ultrasound data with the clinical picture, thus allowing the current proposed
classification to be implemented with the goal of determining the appropriate therapeutic
approach for each grade. In addition, the ultrasonographic evaluation of the parameters
analyzed in the present study, carried out in the healthy population, could go a long way
toward providing relevant information in the pathophysiological pathway of thoracolumbar
fascia and low back pain, so as to determine which of the two is the cause and which is the

effect.

Conclusion

The duration of chronic low back pain is directly related to the degree of trophism of the
paravertebral muscles, assessed by ultrasound and MRI and classified according to the
proposed classification. In turn, an inversion of the trophism profile of the paravertebral

muscles is correlated to an increase in the thickness of the thoracolumbar fascia.
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