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Abstract: This retrospective observational study was conducted to identify factors associated with
low back-related leg pain (LBLP) using axially loaded magnetic resonance imaging (AL-MRI). Ninety
patients with low back pain (LBP) underwent AL-MRI of the lumbar spine. A visual analog scale
and patient pain drawings were used to evaluate pain intensity and location and determine LBLP
cases. The values of AL-MRI findings were analyzed using a logistic regression model with a binary
dependent variable equal to one for low back-related leg pain and zero otherwise. Logistic regression
results suggested that intervertebral joint effusion (odds ratio (OR) = 4.58; p = 0.035), atypical liga-
menta flava (OR = 5.77; p = 0.003), and edema of the lumbar intervertebral joint (OR = 6.41; p = 0.003)
were more likely to be present in LBLP patients. Advanced disc degeneration (p = 0.009) and synovial
cysts (p = 0.004) were less frequently observed in LBLP cases. According to the AL-MRI examinations,
the odds of having LBLP are more likely if facet effusion, abnormal ligamenta flava, and lumbar
facet joint edema are present on imaging than if not. The assessment of lumbar spine morphology in
axial loaded MRI adds value to the potential understanding of LBLP, but further longitudinal and
loaded–unloaded comparative studies are required to determine the role of acute dynamic changes
and instability in LBLP development.

Keywords: low back-related leg pain; low back pain; lumbar spine; magnetic resonance imaging;
axial loading; logistic regression

1. Introduction

Low back-related leg pain (LBLP) refers to neuropathic pain when the lower back
nerves are compromised and is often manifested by sciatic or lumbar radicular pain [1].
LBLP may not be neuropathic and can manifest as a result of non-neuronal structure
involvement (e.g., the muscles, ligaments, and disc) in the lumbar spine. Identifying
clinically relevant LBLP subgroups is a priority for low back pain (LBP) research. A
distinction between different types of LBP is necessary for clinical treatment and research
applications, but there is no clear consensus on the definition and identification of LBLP
owing to nerve root involvement [2,3]. LBLP is observed to be the more common variant of
LBP, occurring in approximately two-thirds of LBP cases. The LBLP subgroup is frequently
considered neuropathic when neural tissue in the low back is compromised (e.g., nerve
root, dorsal root ganglion), commonly referred to as sciatic or lumbar radicular pain [3,4].
However, LBLP is not always neuropathic.

LBLP can manifest as a result of non-neural structure involvement (e.g., muscle,
ligaments, disc) in the lumbar spine (which may likewise affect leg pain). This type
of pain is usually referred to as nociceptive pain [3,5]. LBLP coincides with increased
disability and health costs compared with LBP [6–8], and visitations to primary care units
are frequent among LBLP patients [9]. In this group, the prognosis is worse [8], with an
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increased need for healthcare and more prolonged periods of sick leave from work than
low back pain alone [7]. Lumbar spine magnetic resonance imaging (MRI) is widely used
to investigate patients with LBP and LBLP, and is a valuable technique to assess disc and
facet joint abnormalities [10]; however, it lacks specificity regarding the causes of LBP
because these abnormalities are common in asymptomatic subjects [11–13]. Variations in
symptoms between people with similar recumbent MRI findings are anticipated [14–16].
Vertical and horizontal intradiscal pressure measurements are influenced by body position
and the degree of disc degeneration according to body position (prone, lateral, upright
standing, and upright sitting) [17]. Spinal unloading is effective in reducing intradiscal
pressure [18]. Therefore, further exploration of lumbar spine structures must consider the
potential generators of LBLP [14]. Findings in patients with position-related differences
in pain associated with the size of the intervertebral foramen found on axially loaded
MRI (AL-MRI), as opposed to conventional MRI [19,20], are well documented. Changes in
forces along the lumbar spine from recumbent to axial loading may, in many cases, result
in spinal stenosis, disc herniations, ligamenta flava thickening, and hyperintensity zone
appearance, and may result from deformation and displacement of spinal structures that
are not observable when recumbent [21]. Recumbent MRI is widely used to investigate
patients with LBP and LBLP, but the evidence lacks the prognosis and prognostic factors of
LBLP in axially loaded MRI of LBP patients. This evidence could guide timely appropriate
diagnosis and referral decisions. We performed an AL-MRI to determine the factors
associated with the presence of LBLP.

2. Materials and Methods

The study was a single-center, retrospective, observational study conducted in a
tertiary hospital. From June 2011 to August 2013, 90 consecutive patients were enrolled
in the study. Patients were referred for a lumbar spine MRI with lower back pain as an
indication. The Institutional Bioethical Review Board approved this study and written
informed consent was obtained from all participants. Adult patients aged 21 to 89 were
enrolled in this study after orthopedic consultation and clinical evaluation to exclude hip
or knee-related pain. Patients completed self-reported questionnaires, and the referring
physicians performed the clinical assessment. No strict neurological examinations were
performed at the time of the MRI. A visual analog scale (VAS) and patient pain drawings
were obtained directly before the MRI [22,23].

Patients were examined consecutively following the National Health Fund waiting
list for diagnostic imaging examinations and following the diagnostic workflow with no
priorities owing to the research protocol. Exclusion criteria included significant spinal
deformity or fracture, osteoporosis, previous spine surgery, lack of patient compliance, a
body mass below 40 kg, and a lack of written consent from the patient. General contraindi-
cations for MRI examinations (e.g., pacemakers, ferromagnetic implants, foreign bodies,
and claustrophobia) were also considered.

2.1. Axially Loaded MRI

The examination was performed using a 1.5 T MRI (Ingenia, Philips Healthcare, Eind-
hoven, the Netherlands). Axial loaded MRI was applied using an external nonmagnetic
DynaWell (DynaWell L-Spine, DynaWell Diagnostics, Las Vegas, NV, USA) compression
device, and examinations were performed with a 3D T2-weighted volume isotropic turbo
spin-echo acquisition (VISTA) sequence (Table 1). According to previous disc pressure
measurements [24], the chosen load equaled 40–50% of the patients’ body weight, with
equal load distribution on both legs (20–25% of body mass per leg). The patient was
subjected to this load in the lying position for at least 5 min before the examination. Images
in the recumbent position were acquired using a standard protocol (Table 1).
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Table 1. High-resolution 3D VISTA magnetic resonance pulse parameters and a standard protocol for lumbar spine MRI.

Parameters 3D VISTA T2 STIR Sagittal 2D TSE T2 Sagittal 2D TSE T2 Axial 2D TSE T1 Sagittal

TR/TE, ms 2000/90 2000/70 2000/120 3000/120 400/13
NSA 1 2 3 3 2

FOV, mm 300 × 200 300 × 160 300 × 160 300 × 160 300 × 160
Acquisition matrix 300 × 196 132 × 198 200 × 300 332 × 223 180 × 238

Acquisition voxel, mm 1.0 × 1.0 × 0.5 1.2 × 1.5 × 4.0 0.9 × 1.0 × 4.0 0.6 × 0.8 × 3.0 0.9 × 1.3 × 4.0
Reconstruction matrix 640 432 640 400 480

Reconstruction voxel, mm 0.47 × 0.47 × 0.5 0.7 × 0.7 × 4.0 0.47 × 0.47 × 4.0 0.5 × 0.5 × 3.0 0.6 × 0.6 × 4.0
Turbo factor 61 33 42 24 7

Scan time, min 06:46 03:33 03:44 04:12 02:38

TR, repetition time; TE, echo time; NSA, number of signal averaging; FOV, field of view; VISTA, volume isotropic turbo spin-echo
acquisition; STIR, short tau inversion recovery; TSE, turbo spin-echo; MRI, magnetic resonance imaging.

2.2. Image Analysis

Images were assessed on a dedicated workstation (IntelliSpace Portal, Philips Health-
care, Eindhoven, The Netherlands) at a single center. Disc herniation was assessed on
axial-loaded images on all levels according to the Michigan State University (MSU) clas-
sification [25]. The size of the herniated disc was determined by measuring the largest
sagittal diameter on each disc level (if present) on the images (Figure 1). The dural sac
cross-sectional area was calculated for each level from L1-L2 to L5-S1 to examine axial
loading. Measurements were performed by encircling the area of the dural sac transversely,
parallel to the vertebral endplates, capturing T2-weighted MRI images with the plane
precisely positioned at the midplane of the intervertebral disc (Figure 1). The degree of
spinal stenosis was assessed at all levels according to the classifications of Schizas et al. [26].
The vertebral foramina sagittal cross-section area was determined for each level, from
L1-L2 to L5-S1, on both sides. Measurements were performed by encircling the vertebral
foramina area in sagittal cross sections for the phase with axial loading (Figure 1). The
degree of foraminal nerve compression was assessed at all disc levels on both sides using
the system introduced by Lee et al. [27]. The thickness and cross-sectional area of the
ligamentum flavum were determined for L1-L2 to L5-S1. Thickness was measured at the
middle of the ligamentum flavum, and area measurements were captured by encircling the
cross-section area of the ligamentum flavum at the facet joint level (Figure 1). Synovial cyst
presence and size were determined by measuring the largest cyst area (mm2). The presence
and thickness (mm) of facet joint effusion were also assessed (Figure 1). The degree of disc
and facet joint degeneration was assessed on recumbent images at all disc levels according
to the classifications of Pfirrmann et al. [28] and Weishaupt et al. [29], respectively.

2.3. Clinical Evaluation

A double clinical evaluation was performed. During the orthopedic consultation,
the first referred the patient for MRI before putting the patient on the waiting list for the
diagnostic imaging and face-to-face, right before examination by the researcher (principal
investigator) using interview and survey forms. Pain intensities were evaluated separately
for low back and legs using a VAS [22]. Pain location was determined using patient pain
drawings: an outline of a human figure on which the patient marks the areas where they
experience pain [23]. Patients were asked to complete the drawings, which were then
scored for presence or absence of pain in 45 body areas. We defined LBLP as pain radiating
to at least one leg area on the pain drawing, and a leg VAS scale intensity of ≥6. Areas of
the buttock and the front side of the thigh were not included as LBLP.
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Figure 1. The image analysis. (A) Thickness of the ligamentum flavum; (B) cross-sectional area of the ligamentum flavum; 
(C) the dural sac cross-sectional area; (D) thickness of facet joint effusion; (E) the sagittal cross-section area of the vertebral 
foramen; (F) sagittal diameter of the herniated disc. 
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(C) the dural sac cross-sectional area; (D) thickness of facet joint effusion; (E) the sagittal cross-section area of the vertebral
foramen; (F) sagittal diameter of the herniated disc.

The evaluation of symptoms accompanying potential spinal stenosis was performed
using the Zurich Claudication Questionnaire (ZCQ), with two distinct domains that involve
symptom severity and physical function [30]. The ZCQ is a disease-specific self-report
outcome instrument commonly used in spine-related disability scoring, particularly for pa-
tients with lumbar spinal stenosis (LSS), and quantifies the severity of symptoms, physical
function characteristics, and patient satisfaction. It was designed to complement existing
generic measures of lumbar spine disability and health status in evaluating patients with
LSS. Seven questions in the symptom severity domain focus on the frequency and severity
of back, buttock, and leg pain and range from 1 (none) to 5 (very severe). The five questions
in the physical function domain focus exclusively on a patient’s ability to walk, and range
from 1 (comfortably) to 4 (none); the first question asks the patient to list a distance range
that he or she can walk. The score represents a percentage of the maximum possible score.
The result increases with worsening disability.

Self-reported disability related to LBP was measured using the Oswestry Disability
Index (ODI, Version 2.1a), polish translation [31] of the originally developed questionnaire
by Fairbank et al. [32,33], a commonly used outcome measure for patients with low back
pain. The psychometric properties of the ODI determine the questionnaire’s suitability as a
useful clinical tool. The ODI score describes the degree of disability related to LBP. Scores
from 0% to 20% indicate minimal disability; 20% to 40%, moderate disability; 40% to 60%,
severe disability; 60% to 80%, crippled; and 80% to 100%, bedbound or exaggerating [32].
The Beck Depression Inventory (BDI) was used to assess the presence and severity of
depression [34], and is a 21-item, self-report rating inventory that measures characteristic
attitudes and symptoms of depression. Total score BDI ranging from 0 to 13 is considered
minimal; 14 to 19, mild; 20 to 28, moderate; and 29 to 63, severe.

2.4. Statistical Analysis

Logistic regression modeling was used to identify independent MRI findings associ-
ated with LBLP. A binary dependent variable was defined, with one for LBLP and zero for
the other. We assumed that LBLP occurred if the leg VAS scale intensity was ≥6, and pain



J. Clin. Med. 2021, 10, 3884 5 of 13

radiated to at least one area of the leg on the pain drawing (areas for the buttocks and the
front side of the thigh were not included for LBLP).

The following variables to potentially predict the respective outcome in LBLP were
included in the model:

• Dural sac cross-sectional area with axial loading;
• Grade of lumbar spinal canal stenosis with axial loading;
• Disc herniation according to MSU with axial loading;
• Intervertebral disc herniation size with axial loading;
• Hyperintensity zone size with axial loading;
• Type of ligamenta flava with axial loading;
• Cross-sectional area of the intervertebral foramen with axial loading;
• Foraminal stenosis, according to Lee et al. [27] classification with axial loading;
• Intervertebral disc degeneration, according to Pfirrmann et al. [28] classification;
• Facet joint degeneration, according to Weishaupt et al. [29] classification;
• Lumbar facet joint edema;
• Synovial cyst area with axial loading;
• Facet effusion with axial loading.

Qualitative variables were categorized based on published classifications. Continuous
variables were categorized based on cut-off values, either from the literature, clinical
indications, or statistical reasons. The results of the Schönström et al. [35,36] studies
indicated that constriction of the cauda equina to a size less than ~105 mm2 leads to the
pressure increase. Therefore we categorized the dural sac cross-sectional area into <105,
105–145, and ≥145 mm2. According to Schizas et al. [26], lumbar spinal canal stenosis was
graded as A1 (no spinal canal stenosis) and ≥A2. Lumbar disc herniation was graded
according to the MSU [25] classification as 0 (no lumbar disc herniation) and ≥1a. Disc
herniation size was divided into equinumerous groups to maximize statistical test power
(< 3; 3–5; ≥5 mm). Hyperintensity zone, lumbar facet joint edema, synovial cyst, and facet
effusion were divided into two groups: absent (0) or present (>0). Ligamenta flava were
divided into typical (thin with small cross-sectional area (thickness < 5 mm; area < 55 mm2)
or thick with large cross-sectional area (thickness ≥ 5 mm; area ≥ 55 mm2)) and atypical
(thin with large cross-sectional area (thickness < 5 mm; area ≥ 55 mm2) or thick with small
cross-sectional area (thickness ≥ 5 mm; area < 55 mm2)). The intervertebral foramen area
was divided into equinumerous groups to maximize statistical test power (<93; 93–117;
≥117 mm2). Foraminal stenosis was graded according to the Lee et al. [27] classification as
0 (no foraminal stenosis) and >0. Intervertebral disc degeneration was graded according to
the Pfirrmann et al. [28] classification as <4 (intermediate gray signal intensity, normal disc
height) and ≥4. Facet joint degeneration was graded according to the Weishaupt et al. [29]
classification as ≤1 (normal or mild degenerative disease) and >1. The modeling process
was performed using the stepwise backward selection method with inclusion and exclusion
criteria of 0.1 and 0.05, respectively.

Comparison of chi-square tests of the characteristics’ distributions (categorical vari-
ables) or the Mann–Whitney U test (continuous variables) were used. Statistical analysis
was performed using IBM SPSS Statistics (IBM Corp., Armonk, NY, USA) version 23
for Linux.

3. Results

Baseline characteristics of the study population are presented in Table 2.
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Table 2. Baseline characteristics of patients included in the study.

Number, n Percentage, %

Outcome
LBLP patients 38 42.2

No-LBLP patients 52 57.8
Age categories

≤40 years 32 35.6
41–60 years 35 38.9
>60 years 23 25.6

Sex
Male 46 51.1

Female 44 48.9
BMI categories

18 ≤ BMI < 25 kg/m2 44 48.9
25 ≤ BMI < 30 kg/m2 27 30.0

≥30 kg/m2 19 21.1
ODI
≤40 59 65.6
>40 31 34.4

ZCQ
<40 23 25.6

40–60 49 54.4
>60 18 20.0
BDI
<14 69 76.7
≥14 21 23.3

LBLP, low back-related leg pain; BMI, body mass index; VAS, visual analog scale; ODI, Oswestry Disability Index;
ZCQ, Zurich Claudication Questionnaire; BDI, Beck Depression Inventory.

No significant difference between the LBLP and no-LBLP groups was found for
demographics characteristics (Table 3).

Table 3. Comparison of patients with (LBLP) and without (no-LBLP) low back-related leg pain.

LBLP (n = 38) No-LBLP (n = 52) p

Age, yrs 53 46 0.393

Male, n 19 (41.3) 27 (58.7) 0.513

BMI, kg/m2 26 25.5 0.15

BDI 8.5 5.5 0.117

Low back VAS 6 5 0.002 *

ODI 43 26 <0.001 *

ZCQ 34.5 27 <0.001 *
Note: All figures are medians unless stated otherwise as frequencies. Unless otherwise stated, percentages are in
parentheses. * indicates p < 0.05. BMI, body mass index; BDI, Beck Depression Inventory; VAS, visual analog
scale; ODI, Oswestry Disability Index; ZCQ, Zurich Claudication Questionnaire.

The categories and frequencies of radiological variables included in the logistical
regression model are provided in Table 4.

The results indicate that the odds of having LBLP are 4.58, 5.77, and 6.41 times more
likely if facet effusion, atypical ligamenta flava, and lumbar facet joint edema are present,
respectively, on AL-MRI imaging than if they are not. Conversely, according to the AL-
MRI examinations, the odds of having LBLP are 0.138 and 0.165 times less likely if synovial
cyst and advanced intervertebral disc degenerations are present, respectively, on imaging
than if they are not. The final logistic regression model parameters are presented in Table 5.
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Table 4. Categories and frequencies of variables obtained by axially loaded MRI included in the logistical regression model.

Variables Categories Number with
Feature, n Rate, %

Dural sac cross-sectional area, mm2
<105 29 32.2

105–145 29 32.2
≥145 32 35.6

Grade of lumbar spinal canal stenosis
according to Schizas et al. [26] classification

A1 44 48.9
≥A2 46 51.1

Disc herniation according to the MSU [25]
classification of lumbar disc herniation

0 28 31.9
≥1a 62 68.9

Disc herniation size, mm
<3 32 35.6
3–5 22 24.4
≥5 36 40.0

Hyperintensity zone size, mm 0 61 67.8
>0 29 32.2

Ligamentum flavum type (typical, atypical)

Typical (thickness < 5 mm and area < 55 mm2) 24 26.7
Typical (thickness ≥ 5 mm and area ≥ 55 mm2) 26 28.9
Atypical (thickness < 5 mm and area ≥ 55 mm2) 38 42.2
Atypical (thickness ≥ 5 mm and area < 55 mm2) 2 0.2

Intervertebral foramen area, mm2
<93 30 33.3

93–117 30 33.3
≥117 30 33.3

Foraminal stenosis, according to Lee et al.
classification [27]

0 35 27.8
>0 65 72.2

Intervertebral disc degeneration, according
to Pfirrmann et al. classification [28]

<4 17 18.9
≥4 73 81.1

Facet joint degeneration, according to
Weishaupt et al. classification [29]

≤1 42 46.7
>1 48 53.3

Lumbar facet joint edema Absent 53 58.9
Present 37 41.1

Synovial cyst area, mm2 0 62 68.9
>0 28 31.1

Facet effusion thickness, mm
0 72 80.0

>0 18 20.0

MSU, Michigan State University.

Table 5. Radiologic factors associated with LBLP.

Variables B SE p-Value OR
95% CI

Upper Lower

Intervertebral disc degeneration according to Pfirrmann classification ≥ 4 −1.804 0.690 0.009 0.165 0.043 0.637
Facet effusion thickness, mm > 0 1.522 0.721 0.035 4.580 1.114 18.830

Lumbar facet joint edema (present) 1.858 0.617 0.003 6.412 1.913 21.492
Synovial cyst area, mm2 > 0 −1.984 0.692 0.004 0.138 0.035 0.534

Atypical ligamenta flava (thickness < 5 mm; area ≥ 55 mm2) 1.753 0.593 0.003 5.771 1.804 18.461
Constant −0.170 0.583 0.771 0.844

B, beta; SE, standard error; OR, odds ratio; CI, confidence interval.

4. Discussion

Owing to significant differences in terms of subjective symptoms expressed by worse
results, particularly low back VAS, ODI, and ZCQ in the LBLP group, with similar demo-
graphic characteristics in both groups, examining the factors observed in the AL-MRI study
was considered highly desirable. This observational study demonstrated a relationship
between axially loaded radiological findings and LBLP. The lumbar facet joint edema, facet
effusion, and atypical ligamenta flava are independently associated with the presence
of LBLP. Compared with previous studies concerning the association between AL-MRI
and LBLP, this is somewhat complicated owing to the availability of only recumbent MRI
studies. Previous recumbent MRI studies evaluated a small group of radiological variables
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(dural sac and disc dimensions) [37] or were limited to one imaging variable (nerve root
compression) [6,38,39]. In an ATLAS study [6,39], MRI findings of nerve root compression
were correlated with patient clinical presentations; however, the authors included the study
routine MRI from the primary care setting. In LBLP cases, the anteroposterior diameter of
the intervertebral disc prolapse and the dural sac was measured by Pneumaticos et al. [37].
A threshold value of 10 mm for the dural sac AP diameter was sensitive and specific for
LBLP in a small patient population. This investigation provided evidence that more than
3 mm of disc herniation was sensitive and specific for LBLP; however, if the AP diameters
of herniated discs in symptomatic patients were compared with similar measurements
in asymptomatic controls, the most sensitive and specific threshold value was 6.8 mm.
Pneumaticos et al. observed a significant overlap in disc herniation size in symptomatic
and asymptomatic individuals and found it to be a source of potential limitation of this
measurement [37]. The investigation did not demonstrate that disc herniation size and
dural sac cross-sectional area were significant predictors of the occurrence of LBLP in a
group of LBP patients.

The present study also evaluated other factors associated with the presence of LBLP in
AL-MRI, which have not been previously covered in the literature. In our study population,
facet joint edema was found in a considerable percentage of patients with LBP (41.1%) and
was mainly found at the L4-L5 and L5-S1 levels (Figure 2). So-called bone marrow edema is
a common cause of acute pain in the musculoskeletal system and is believed to predict LBP
originating from posterior components, such as the facet joints [12,40,41]. The pathogenesis
of facet joint edema is unclear, but, like the peripheral joints, overload and degenerative
changes may be associated with signal abnormalities [19]. Joint overload may occur in
malalignment, neuromuscular dysfunction, ligament loosening, and repetitive trauma.
The symptoms of facet joint osteoarthritis can mimic those associated with disk herniation
through the so-called “pseudo-radicular” referral pattern, which often makes it difficult
to distinguish between the two conditions [12]. According to the AL-MRI examinations,
lumbar spine posterior element abnormalities were frequently associated with LBLP.

The prevalence of facet effusion in the lumbar spine was 20.0% and was most observed
at the L4-L5 and L5-S1 levels (Figure 3). Facet effusion represents an MRI finding describing
the accumulation of fluid in the facet joint. Facet effusion may represent a cause of LBP or a
manifestation of the cause of LBP originating from posterior components such as the facet
joints [42,43], but according to some reports, this association is controversial [44]. Moreover,
several studies have suggested that fluid collection detected within the lumbar facet on MRI
indicates lumbar spine segmental instability, defined as hypermobility (especially trans-
lation between two contiguous vertebrae) or abnormal mobility [45–47]. They concluded
that facet joint effusion on MRI should increase suspicion of lumbar spine instability.

The possibility of a relationship between the ligamentum flavum and lumbar spine
instability has been reported [48]. Kirkaldy-Willis et al. [49] described three stages in
the natural history of disc degeneration, whereby the second stage is associated with
hypermobility and degeneration of the facet joints, resulting in capsular and ligamenta
flava laxity and instability. Ligamenta flava that are thin with a large cross-sectional
area could be more vulnerable to instability and could be associated with mechanical
insufficiency at early stages. On the other hand, thick ligamenta flava with a large cross-
sectional area are recognized as a final stage of self-limiting treatment of chronic lumbar
instability [50]. Degenerative changes secondary to the aging process and mechanical
stress due to chronic spinal instability are two pathomechanisms that have been proposed
for the development of ligamenta flava thickening [51]. Nevertheless, further research
should be conducted to explain LBLP beyond simple nerve compression by hypertrophied
ligamenta flava.
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Interestingly, advanced intervertebral disc degeneration showed a reverse association
with LBLP. The odds of having LBLP are about six times less likely if advanced inter-
vertebral disc degenerations are present on imaging than if they are not. These findings
could indicate a less critical role of advanced disc degeneration and disc-related cause
in LBLP development. The explanation for the reverse association between a synovial
cyst and LBLP is somewhat difficult. Intuitively, one would expect that LBLP would be
strongly linked to a synovial cyst and nerve compression. For example, Kouyialis et al. [52]
observed increased synovial cysts as causative agents of LBLP. Bydon et al. [53] reported
recurrent back pain occurring in a significant number of patients who underwent synovial
cyst surgical decompression. A synovial cyst may reflect progressive degenerative changes
of the ligamentum flavum. Progressive degeneration would be consistent with the low
prevalence of LBLP associated with advanced disc degeneration—a low prevalence of
LBLP observed in patients with advanced degenerative changes and chronic symptoms.

In summary, atypical ligamenta flava, facet joint edema, and facet effusion can reflect
spinal segmental instability. Therefore, it was hypothesized that the spine’s posterior
elements and segmental instability might be more frequently associated with LBLP than
direct nerve compression (advanced intervertebral disc degeneration and/or synovial
cysts). Moreover, facet joint edema and facet effusion can also reflect acute changes in
the spine, in contrast to advanced intervertebral disc degeneration and synovial cysts,
representing chronic changes. Therefore, we also hypothesized that acute spine changes
might be more frequently associated with LBLP than chronic changes.

Our study has some limitations. The static MRI results with positive findings for
spinal pathologies are known from rare publications in some asymptomatic individuals [16].
LBLP symptomatic patients with no MRI findings were also described in the literature [54].
However, enrollment in this study consisted of LBP and LBLP symptomatic patients. The
retrospective approach may deliver a possibility of bias. Some radiological variables were
merged to reduce the number of categories in the model to achieve sufficient power in
multivariate logistic regression analysis.

Another limitation may derive from the time gap between referral physician examina-
tion and the date of the MRI imaging, owing to no strict neurological examinations being
performed at the time of MRI. The symptoms could change over even a relatively short
time. However, VAS and pain mapping have relatively good reliability and validity with
neurological examinations concerning pain occurrence and localization [22,23].

We assume that, considering perfectly aimed minimally invasive endoscopic or navi-
gated surgery, axially loaded imaging is needed. Precision in targeting the pain generator
during endoscopic spinal surgery intervention can elicit more perfectly aimed procedures,
with lower surgical risk. AL-MRI of the lumbar spine should be considered an additional
procedure on patients with LBLP. Further research is needed to document the improve-
ments and convince clinicians, researchers, stakeholders, and commissioners that this type
of MRI examination should be considered routine.

5. Conclusions

Logistic regression used in this study determined which spine components were
significantly associated with the presence of LBLP. Facet effusion, lumbar facet joint edema,
and atypical ligamentum flavum are identified as variables independently associated with
LBLP. According to the AL-MRI examinations, the odds of having LBLP are 4.58–6.41 times
more likely if facet effusion and lumbar facet joint edema are present on imaging than if
they are not. Moreover, the odds of having LBLP are 5.77 times more likely if abnormal
ligamenta flava are observed with AL-MRI examinations than if they are not. The logistic
regression results suggest that the presence of advanced intervertebral disc degeneration
(p = 0.009) and synovial cysts (p = 0.004) indicate a decreased occurrence of LBLP. Assess-
ment of lumbar spine morphology in AL-MRI adds value to the potential understanding
of LBLP, but further longitudinal and loaded–unloaded comparative studies are required
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to determine the role of acute dynamic changes and instability in low back-related leg
pain development.
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PERSONALIZED APPROACH TO OSTEOPOROTIC VERTEBRAL FRACTURES. Orthop. Proc. 2011, 93-B, 206. [CrossRef]
32. Fairbank, J.C.; Pynsent, P.B. The Oswestry Disability Index. Spine 2000, 25, 2940–2952; discussion 2952. [CrossRef]
33. Fairbank, J. Use of Oswestry Disability Index (ODI). Spine 1995, 20, 1535–1537. [CrossRef]
34. Beck, A.T.; Beck, R.W. Screening depressed patients in family practice. A rapid technic. Postgrad. Med. 1972, 52, 81–85. [CrossRef]
35. Schonstrom, N.; Bolender, N.F.; Spengler, D.M.; Hansson, T.H. Pressure changes within the cauda equina following constriction

of the dural sac. An in vitro experimental study. Spine 1984, 9, 604–607. [CrossRef] [PubMed]
36. Schonstrom, N.; Hansson, T. Pressure changes following constriction of the cauda equina. An experimental study in situ. Spine

1988, 13, 385–388. [CrossRef] [PubMed]
37. Pneumaticos, S.G.; Hipp, J.A.; Esses, S.I. Sensitivity and specificity of dural sac and herniated disc dimensions in patients with

low back-related leg pain. J. Magn. Reson. Imaging 2000, 12, 439–443. [CrossRef]
38. Rankine, J.J.; Gill, K.P.; Hutchinson, C.E.; Ross, E.R.; Williamson, J.B. The therapeutic impact of lumbar spine MRI on patients

with low back and leg pain. Clin. Radiol. 1998, 53, 688–693. [CrossRef]
39. Konstantinou, K.; Dunn, K.M.; Ogollah, R.; Vogel, S.; Hay, E.M.; ATLAS Study Research Team. Characteristics of patients with

low back and leg pain seeking treatment in primary care: Baseline results from the ATLAS cohort study. BMC Musculoskelet.
Disord. 2015, 16, 332. [CrossRef]

40. Schwarz-Nemec, U.; Friedrich, K.M.; Stihsen, C.; Schwarz, F.K.; Trattnig, S.; Weber, M.; Grohs, J.G.; Nemec, S.F. Vertebral Bone
Marrow and Endplate Assessment on MR Imaging for the Differentiation of Modic Type 1 Endplate Changes and Infectious
Spondylodiscitis. J. Clin. Med. 2020, 9, 826. [CrossRef]

41. Johnson, P.W.; Collins, M.S.; Wenger, D.E. Diagnostic utility of T1-weighted MRI characteristics in evaluation of osteomyelitis of
the foot. AJR Am. J. Roentgenol. 2009, 192, 96–100. [CrossRef]

42. Mainka, T.; Lemburg, S.P.; Heyer, C.M.; Altenscheidt, J.; Nicolas, V.; Maier, C. Association between clinical signs assessed by
manual segmental examination and findings of the lumbar facet joints on magnetic resonance scans in subjects with and without
current low back pain: A prospective, single-blind study. Pain 2013, 154, 1886–1895. [CrossRef] [PubMed]

43. Suri, P.; Dharamsi, A.S.; Gaviola, G.; Isaac, Z. Are facet joint bone marrow lesions and other facet joint features associated with
low back pain? A pilot study. PM&R 2013, 5, 194–200. [CrossRef]

44. Shinto, K.; Minamide, A.; Hashizume, H.; Oka, H.; Matsudaira, K.; Iwahashi, H.; Ishimoto, Y.; Teraguchi, M.; Kagotani, R.; Asai,
Y.; et al. Prevalence of Facet Effusion and Its Relationship with Lumbar Spondylolisthesis and Low Back Pain: The Wakayama
Spine Study. J. Pain Res. 2019, 12, 3521–3528. [CrossRef] [PubMed]

http://doi.org/10.1097/00007632-199912010-00008
http://www.ncbi.nlm.nih.gov/pubmed/10626309
http://doi.org/10.1016/j.spinee.2005.03.012
http://www.ncbi.nlm.nih.gov/pubmed/16153584
http://doi.org/10.1148/radiology.215.1.r00ap06247
http://doi.org/10.1007/s00586-016-4670-6
http://doi.org/10.1097/BRS.0000000000002532
http://doi.org/10.1016/0304-3959(83)90126-4
http://doi.org/10.1016/0304-3959(86)90026-6
http://doi.org/10.1007/s00586-009-1274-4
http://doi.org/10.1097/BRS.0b013e3181d359bd
http://doi.org/10.2214/AJR.09.2772
http://www.ncbi.nlm.nih.gov/pubmed/20308517
http://doi.org/10.1097/00007632-200109010-00011
http://www.ncbi.nlm.nih.gov/pubmed/11568697
http://doi.org/10.1007/s002560050503
http://www.ncbi.nlm.nih.gov/pubmed/10384992
http://doi.org/10.1097/00007632-199604010-00004
http://doi.org/10.1302/0301-620X.93BSUPP_II.0930206c
http://doi.org/10.1097/00007632-200011150-00017
http://doi.org/10.1097/00007632-199507000-00020
http://doi.org/10.1080/00325481.1972.11713319
http://doi.org/10.1097/00007632-198409000-00011
http://www.ncbi.nlm.nih.gov/pubmed/6495030
http://doi.org/10.1097/00007632-198804000-00001
http://www.ncbi.nlm.nih.gov/pubmed/3406845
http://doi.org/10.1002/1522-2586(200009)12:3&lt;439::AID-JMRI9&gt;3.0.CO;2-J
http://doi.org/10.1016/S0009-9260(98)80296-1
http://doi.org/10.1186/s12891-015-0787-8
http://doi.org/10.3390/jcm9030826
http://doi.org/10.2214/AJR.08.1376
http://doi.org/10.1016/j.pain.2013.06.018
http://www.ncbi.nlm.nih.gov/pubmed/23778295
http://doi.org/10.1016/j.pmrj.2012.09.002
http://doi.org/10.2147/JPR.S227153
http://www.ncbi.nlm.nih.gov/pubmed/32021388


J. Clin. Med. 2021, 10, 3884 13 of 13

45. Rihn, J.A.; Lee, J.Y.; Khan, M.; Ulibarri, J.A.; Tannoury, C.; Donaldson, W.F., 3rd; Kang, J.D. Does lumbar facet fluid detected on
magnetic resonance imaging correlate with radiographic instability in patients with degenerative lumbar disease? Spine 2007, 32,
1555–1560. [CrossRef]

46. Cho, B.Y.; Murovic, J.A.; Park, J. Imaging correlation of the degree of degenerative L4-5 spondylolisthesis with the corresponding
amount of facet fluid. J. Neurosurg. Spine 2009, 11, 614–619. [CrossRef]

47. Lattig, F.; Fekete, T.F.; Kleinstück, F.S.; Porchet, F.; Jeszenszky, D.; Mannion, A.F. Lumbar facet joint effusion on MRI as a sign of
unstable degenerative spondylolisthesis: Should it influence the treatment decision? J. Spinal Disord. Tec. 2015, 28, 95–100. [CrossRef]

48. Yoshiiwa, T.; Miyazaki, M.; Notani, N.; Ishihara, T.; Kawano, M.; Tsumura, H. Analysis of the Relationship between Ligamentum
Flavum Thickening and Lumbar Segmental Instability, Disc Degeneration, and Facet Joint Osteoarthritis in Lumbar Spinal
Stenosis. Asian Spine J. 2016, 10, 1132–1140. [CrossRef] [PubMed]

49. Kirkaldy-Willis, W.H.; Wedge, J.H.; Yong-Hing, K.; Reilly, J. Pathology and pathogenesis of lumbar spondylosis and stenosis.
Spine 1978, 3, 319–328. [CrossRef]

50. Sairyo, K.; Biyani, A.; Goel, V.; Leaman, D.; Booth, R., Jr.; Thomas, J.; Gehling, D.; Vishnubhotla, L.; Long, R.; Ebraheim,
N. Pathomechanism of ligamentum flavum hypertrophy: A multidisciplinary investigation based on clinical, biomechanical,
histologic, and biologic assessments. Spine 2005, 30, 2649–2656. [CrossRef]

51. Sakamaki, T.; Sairyo, K.; Sakai, T.; Tamura, T.; Okada, Y.; Mikami, H. Measurements of ligamentum flavum thickening at lumbar
spine using MRI. Arch. Orthop. Trauma Surg. 2009, 129, 1415–1419. [CrossRef] [PubMed]

52. Kouyialis, A.T.; Boviatsis, E.J.; Korfias, S.; Sakas, D.E. Lumbar synovial cyst as a cause of low back pain and acute radiculopathy:
A case report. South. Med. J. 2005, 98, 223–225. [CrossRef] [PubMed]

53. Bydon, A.; Xu, R.; Parker, S.L.; McGirt, M.J.; Bydon, M.; Gokaslan, Z.L.; Witham, T.F. Recurrent back and leg pain and cyst
reformation after surgical resection of spinal synovial cysts: Systematic review of reported postoperative outcomes. Spine J. Off. J.
N. Am. Spine Soc. 2010, 10, 820–826. [CrossRef] [PubMed]

54. Iversen, T.; Solberg, T.K.; Romner, B.; Wilsgaard, T.; Nygaard, Ø.; Waterloo, K.; Brox, J.I.; Ingebrigtsen, T. Accuracy of physical
examination for chronic lumbar radiculopathy. BMC Musculoskelet. Disord. 2013, 14, 206. [CrossRef] [PubMed]

http://doi.org/10.1097/BRS.0b013e318067dc55
http://doi.org/10.3171/2009.6.SPINE08413
http://doi.org/10.1097/BSD.0b013e318269c261
http://doi.org/10.4184/asj.2016.10.6.1132
http://www.ncbi.nlm.nih.gov/pubmed/27994791
http://doi.org/10.1097/00007632-197812000-00004
http://doi.org/10.1097/01.brs.0000188117.77657.ee
http://doi.org/10.1007/s00402-009-0849-1
http://www.ncbi.nlm.nih.gov/pubmed/19280205
http://doi.org/10.1097/01.SMJ.0000129792.92433.B6
http://www.ncbi.nlm.nih.gov/pubmed/15759954
http://doi.org/10.1016/j.spinee.2010.04.010
http://www.ncbi.nlm.nih.gov/pubmed/20488765
http://doi.org/10.1186/1471-2474-14-206
http://www.ncbi.nlm.nih.gov/pubmed/23837886

	Introduction 
	Materials and Methods 
	Axially Loaded MRI 
	Image Analysis 
	Clinical Evaluation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

