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Background: This study investigated the lumbosacral plexus (LSP) nerve root
thickness and ligamentum flavum (LF) thickness and correlated them with age and
sex. These findings provided a useful data for spinal nerve root micro-anastomosis
surgery and lumbar decompression surgery.

Materials and methods: This retrospective study was conducted with 350 indli-
viduals with ages ranging from 21 to 80 years under magnetic resonance imaging
to evaluate the possible cause of a lower back pain.

Results: According to the morphometric measurements of the LSP root thickness,
the diameter gradually increased from L1 to S1. L1 has the thinnest root (3.9 =
=+ 0.87 mm) while ST has the thickest root (5.45 = 0.8 mm). The measurements
revealed inconsiderable differences in the LSP thickness in relation to age, sex
in the study population. Regarding the LF the thickness of the LF was found to
insignificantly increase with age. Besides, the LF thickness was inconsequentially
higher in female. The mean thickness of the right LF at different spinal levels was
measured (L12-L3 = 3.19 + 0.27, [3-14 = 3.38 = 0.11 mm, L4-L5 = 3.71 =
+ 0.29 mm, and L5-S1 = 3.64 = 0.21 mm). The mean thickness of the left LF
was non-significantly higher.

Conclusions: The LSP root and LF thicknesses not related to age or sex. (Folia
Morphol 2023; 82, 1: 72-78)
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INTRODUCTION

The lumbosacral plexus (LSP) is a series of nerve
convergences and divergences that ultimately com-
bine into larger terminal nerves and supply the pelvis
and lower extremities

Disorders affecting the LSP with time may alter
root diameter such as lumbosacral radiculopathy
which is a damage that caused by compression of

the nerve roots which exit the spine, levels L1-S4
and cause a pain in the lower back and hip which
radiates down the back of the thigh into the leg [3].
Determine normal LSP nerve root dimensions can
provide valuable structural information that for
monitoring any pathological changes of the lum-
bar nerve root [20]. Moreover, nerve root size may
also determine degree of blockade after epidural
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or spinal anaesthesia, but good measures of this
fundamental anatomic parameter have not been
published.

Numerous factors can affect the LSP thickness;
these factors can be focal like tumoural factors or can
be diffused like diabetes-related factors. Pathological
changes pertaining to LSP may alter nerve root thick-
ness [14]. Slightly increased thickness is sometimes
difficult to assess specially when changes are diffused
and symmetrical in both sides. Furthermore, there
are some controversies in defining the normal LSP
thickness. To date, few studies addressed the normal
LSP root size dimensions and how they are affected
by different diseases [8].

In the light of this, the first purpose of the current
study is to establish normal LSP nerve root thickness
retrospectively by reviewing large series of magnetic
resonance imaging (MRI) images, and correlate the
LSP thickness with age and gender. Knowing the
thickness of the LSP has clinical significance for the
surgeons who will undergo surgical intervention for
LSP or the surrounding structures. The available liter-
ature regarding LSP dimensions has some contradic-
tions regarding the exact thickness of the LSP [12, 20].

Also to make this article more value, we investigat-
ed the ligamentum flavum (LF). The LF wraps around
the medial aspect of the spinal articulations and has
high percentage of elastic fibres which is responsible
of its yellowish colour. These elastic characteristics
of LF diminish with age, due to remarkable loss of
the elastic fibres and a concomitant replacement
by collagen fibres [17]. Moreover, LF joints between
vertebrae, LF reinforced and supported the vertebrae
as it attached to the front of the upper lamina above
and to the back of the lower lamina below [27], also,
LF maintain a smooth surface of the posterior dural
sac, control intervertebral movement, and affect the
intrinsic stability of the spine [19].

Many researchers have demonstrated that the LF
plays an important role in vertebral disease, more
specifically, in spinal stenosis [7, 28]. The LF thickening
is considered an important cause of radiculopathy
exists in lumbar degenerative disease [23]. The LF
is an important anatomical structure, and might be
changed in patients suffered from low back or leg
pain. Therefore, the thickness of the LF should be
measured and evaluated carefully in the case of spinal
stenosis. Considering this fact, we studied the LF on
each side of different spinal levels, and correlated the
measurements with age and sex.
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MATERIALS AND METHODS

Sample study

This retrospective study first was performed with
the Ethics approval of the institutional research board
at Jordan University of science and technology (IRB
# 8/134/2020).

The study included participants from King Abdul-
lah University hospital in Irbid, Jordan, who had been
referred for MRI imaging to assess the possible causes
of low back pain in the past two years. Individuals
with a history of fractures, dislocation or surgeries
in the vertebral column or spinal cord were excluded
from the study. The total study group consisted of
350 individuals with ages ranging from 21 to 80 years.
Among the study subjects, 155 were males and 195
were females.

The male and female individuals were further
subcategorized into two age groups; the young
age group (21-50 years) and the elderly age group
(51-80 years).

The control group included in the current study
composed of 85 healthy individuals who underwent
MRI as a routine procedure of their annual checkup.
The subjects in the control group were without struc-
tural changes in the vertebral column similar to the
study group, but had no pain. This control group was
included in the current study to exclude any possible
differences that may result from inflammatory or
degenerative changes. Among the control group,
41 were females and 44 were males, with age range
from 25 to 57 years.

MRI imaging measurements

Images were obtained on a Signa HDxt 3.0T scan-
ner. For the LSP, IDEAL T2 weight images on the cor-
onal plane were acquired for all studied individuals.
The T band width: 62.5 kHz, matrix was 320 x 256,
with 42 X 42 cm field of view. The slice thickness
was 1.5 mm, gap: 0 mm, repetition time: 7680 ms,
echo time: 90.8 ms, band width: 62.5 kHz, number
of excitations: 3.

Observations were made on the DICOM files using
the manufacture’s software. The LSP root size was
evaluated by two specialised radiologists, who were
blind to the study. We measured LSP root diameter
from the first lumbar (L1) to the first sacral (51) nerve
on the coronal plane at 5 mm distance from the dorsal
root ganglion (Fig. 1).

Regarding LF, T1-sequence axial sections at four
levels: L2-L3, L3-L4, L4-L5, and L5-S1 were obtained.
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Figure 1. Magnetic resonance image of a coronal section demon-
strating the method for determining the lumbosacral plexus roots
from L1 to S1; LST — lumbosacral plexus.

The same radiologists who investigated the LSP also
assessed the thickening of the LF in all study subjects.
The thickness of the LF was measured with an elec-
tronic ruler with a resolution of 0.1 mm by means of
aline drawn transversally to the facet joint level (Fig. 2)
through the middle section of the LF. If the thickness
was bilaterally asymmetrical, the measurement of the
thickest part was used.

Statistical analysis

After applying the Levene's test to determine the
homogeneity of variance, the data were evaluated
by independent samples t-test or one-way analysis
of variance (ANOVA) at 5% and 1% levels of signifi-
cance. Fischer’s (LSD) post hoc test was performed to
examine statistical differences between the groups.
The data were presented as mean = standard error
of the mean (SEM).

RESULTS

Lumbosacral root thickness
The results of MRl images and basic anatomy atlas
showed that the conus medullaris terminate at the
level of L1-L2 as described by previous study [13].
The results also showed insignificant difference
in the thickness of lumbosacral roots between the
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Figure 2. Measurement of the thickness of the ligamentum flavum

in T1-weighted magnetic resonance image scan; A. The target area
was selected for analysis; B. The arrow represents the ligamentum
flavum thickness at the facet joint level; RT — right side.

right and left side and the mean values of the root
thickness in our patients were as follows: L1: 3.9 +
+ 0.81 mm, L2: 4.17 = 0.79 mm, L3: 4.3 = 0.78,
L4: 5.2 = 0.72 mm, L5: 5.32 =+ 0.45 mm and S1:
5.45 = 0.8 mm. The diameters of each spinal nerve
root are shown in Table 1.

The data were collected from patients without struc-
tural changes in vertebral column but having pain. In or-
der to exclude any possible effects that may results from
pain and inflammation, additional data were collected
from 85 healthy individual without structural changes
in the vertebral column and having no pain. The results
did not show any significant difference in the thickness
of lumbosacral root between the study group and the
control group. Our data indicated and validated that
chronic inflammatory pain does not affect the structure
and morphology of the vertebral column.
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Table 1. The diameters of lumbosacral nerve roots

Lumbosacral Right root Left root Root thickness
root thickness [mm] thickness [mm)] [mm]

L1 39+094 3.9 +0.68 39+081
L2 417 £ 0.76 417 = 0.82 417 £0.79
L3 43095 431+0.79 43 +0.87
L4 5.2 +0.57 5.25 + 0.88 52 +0.72
L5 532 = 0.54 532+ 0.38 532 + 0.45
S1 55 +0.78 54 +0.83 545+ 0.8

Data are shown as mean = standard error of the mean.

7_
67 T
g___ —_—
5 1 -I///I -I
g 4 E——-“i_—'i
g I
= 3 Female
s
5 | — —@— — Male
1_
0 T T T T T
L1 L2 L3 L4 L5 S1

Lumbosacral root

Figure 3. Variation of lumbosacral plexus (LSP) nerve roots thick-
ness with sex. The data revealed a non-significant difference in
the LSP nerve roots thickness between males and females. Each
column represents the mean LSP nerve root thickness = standard
error of the mean.

Variation of lumbosacral root thickness with sex
and age

The subjects were divided according to their gen-
der as follows: male group (n = 155) and female
group (n = 195). We found no correlation (p = 0.43)
between the lumbosacral root thickness and gender
of the participants (Fig. 3).

The subjects were further divided into two differ-
ent age subgroups as follows: young adults (21-50
years; n = 118), and elderly group (51-80 years,
n = 232). There was no noticeable association (p = 0.31)
between the thickness of the lumbosacral roots and
age of study subjects (Fig. 4).

Variation of ligamentum flavum with sex and age
The thickness of LF was measured at L2-3, L3-4,
L4-5 and L5-S levels on both sides. The results are
showed in Table 2. The relationship among thickness,
age, and spinal level was examined.
There was no significant difference between the
two sex groups pertaining to LF thickness at the

75

| m 22-50 years

6 m 51-81 years

Thickness

L1 L2

L3 L4
Lumbosacral root

L5 S1

Figure 4. Variation of lumbosacral plexus (LSP) nerve roots thickness
with age. The data revealed a non-significant difference in the LSP
nerve roots thickness between young and older populations. Each
column represents the mean LSP nerve root thickness =+ standard
error of the mean.

Table 2. Measurement of thickness of the ligamentum flavum
(LF) at different spinal levels

LF spinal level Right side [mm] Left side [mm]
L2-13 319027 347 +02
L3-L4 3.38 =0.11 351021
L4-L5 371029 3.84 £ 0.15
L5-S1 3.64 =0.21 373017

Data are shown as mean = standard error of the mean.

segments L2/3, L3/4, L4/5 and L5/S1 (p > 0.05). On
the other hand, females found to have larger average
thickness of the right and left LF, and the greater av-
erage thickness of the ligament was at L3/L4 (Table 3).

According to age, our results indicated that LF
thickness increased with age; but this increase was
insignificant. However, the increments at L4-5 and L3-4
were larger than that at L2-3 and L5-S1. Moreover, the
results showed that the mean thickness of the left LF
was higher in the left side than the right side (Table 4).

In this context, comparing the study group with
the control group did not show any significant dif-
ference in the thickness of both right and left LF.
The data are shown in Supplementary material (see
journal website).

DISCUSSION

The LSP is a well-protected structure because of
its secure location deep in the retroperitoneum, pro-
tected by the pelvic brim, which will give the required
support and firmness for LSP [6]. Based on that se-
cured and unique structure of LSP, the injuries of



Folia Morphol., 2023, Vol. 82, No. 1

Table 3. Thickness of ligamentum flavum (LF) at different
lumbar spinal levels in different sex groups

LF level Male Female P-value
Right side

L2-13 319+022 3.25+0.24 0.44
L3-14 331017 3.38 £0.12 0.28
L4-15 348 £0.27 34 +019 0.12
L5-S1 367+02 353 +0.34 0.62
Left side

L2-13 354 +0.11 3.6+0.28 0.39
L3-14 359 +0.29 3.68 = 0.17 0.14
L4-15 3.68 +0.14 6.76 = 0.23 0.52
L5-S1 362+0.23 3.7+025 0.29

Data are shown as mean + standard error of the mean.

Table 4. Thickness of ligamentum flavum (LF) at different
lumbar spinal levels in different age groups

LF level RT LT P-value
22-50 years

L2-13 3.19+0.15 3.37+03 0.51
L3-14 33+024 345+ 0.17 0.18
L4-15 354 +0.31 3.73+0.19 0.25
L5-S1 349+ 0.1 3.64 £ 0.24 0.12
51-80 years

L2-13 327027 3.46 + 0.16 0.34
L3-14 3.36 = 0.23 351032 0.27
L4-L5 3.67 015 3.82+0.14 0.15
L5-S1 3.57 +0.09 3.7+032 0.62

Data are shown as mean + standard error of the mean. LT — left side; RT — right side

lower extremities are less compared with the upper
extremities.

The exact values of human LSP thickness are varied
in the literature. The clinical importance of morpho-
metric data on LSP thickness has been emphasized
by many studies [4, 11, 12, 15, 20, 29]. In this retro-
spective study, the thickness of LSP showed a gradual
increase from L1 to S1, known as cephalo-caudal
pattern (Table 1). Large variations in determining LSP
thickness should be taken into consideration when
performing morphometric analyses of the spinal cord
and the LSP. Based on such morphometric data, the
existence of pathological conditions in the LSP such
as compression or atrophy can be assessed by com-
paring these pathological changes with the normal
reported values of the affected segment. The present
study provides an updated reference of the normal

76

LSP thickness values and its relation to the most im-
portant risk; age and sex. This reference can be used
to evaluate any disease affecting the LSP area.

The outcome of this study revealed that the LSP
thickness increases by moving downwards, towards
the sacrum as previously reported [4, 11, 29]. The
only study that contradicts the concept of gradual
increase in LSP thickness was conducted by Izci et al.
[12] who reported that L1 was the thinnest root of
the LSP (4.1 mm) and L4 was the thickest (5.5 mm)
root of the LSP. No study so far investigated the effect
of age or sex on the thickness of LSP, which has been
revealed by our study to have no significant relation
to the thickness of the LSP.

In this study we were able to measure the diam-
eters of all lumbosacral spinal nerve roots using the
2-point Dixon deconvolution (IDEAL T2-WI) technique
to separate water and lipid resonance signals by
phase-sensitive MRI. The IDEAL T2-W! is used to obtain
an inhomogeneous map based on only in-phase and
out-of-phase image data. The method 2-point Dixon
technique is designed for T1- or density-weighted spin-
echo imaging while the double-echo scheme is more
appropriate for T2-weighted spin-echo imaging [5].
The 2-point Dixon deconvolution technique is con-
sidered superior to other techniques, such as short
tau inversion recovery (STIR) sequence, in evaluating
the nerve structure and distinguish nerve roots from
peripheral tissue [25]. T2 Dixon water-only image
showed higher mean scores for fat suppression qual-
ity and lesion conspicuity than SPAIR [18], moreover,
2-point Dixon fat suppression was significantly more
consistent than SPAIR on both T2 and T1 [10].

The LF is a short but thick ligament of elastic fibres
that connects the laminae of adjacent vertebrae from
the C2 to S1 [1]. The function of LF to maintain the
upright posture and to assist the vertebral column
in resuming its shape after flexion, and maintains
a smooth surface for the dural sac [26]. The results
of this study did not show any correlation between
age or sex and the LF thickness in both sides. On
the other hand, minor changes in LF thickness
were beheld at the L4-L5 and L5-S1 spinal levels
as age increased. Moreover, LF was thicker in fe-
males comparing to males. The finding of this
study was in congruence with other studies [16,
26]. The values of LF reported in the current study
were similar to those reported by Horwitz [9], who
reported that LF thickness were (L3-L4 = 3.5 mm,
L4-L5 = 3.8 mm, and L5-S1 = 3.6 mm). The highest
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value reported was 6.1 mm by Ramani et al. [24],
who explained their findings by suggesting a pos-
sible relation to the connection of a hypertrophied
ligament with prolapsed disc. As a result, we can
conclude that the borderline between normal and
pathologic LF thickness should not be set at 4 mm.
Hypertrophy of the LF above 4 mm is usually involved
in the pathogenesis of lumbar spinal stenosis, which
can narrow the diameter of the spinal canal and
compress the dural sac and nerve roots, causing many
symptoms, even in the absence of a bulging annulus
fibrosus or herniated nucleus pulposus or osseous
spurs [1, 26].

A strong correlation between the patient age and
LF thickness at the L4-L5 level has been reported by
Okuda et al. [23] and Altinkaya et al. [2], who showed
that the LF increase in thickness with age. On the
other hand, Safak et al. [26] found no association
between LF thickness and the age. Safak et al. [26]
suggested that the degradation and mechanical stress
are more important than age or gender as risk factors
affecting the thickness of the LF.

When the spine is tilted or bent, the LF extends
and the tension increases; despite the elastic and
flexible nature of the ligament, at neutral position, the
ligament has pretension which prevents the possibility
to from buckling or wrinkles. Repeated injury can re-
sult in initiating many inflammatory and remodelling
changes that cause the degeneration, hyperplasia,
and hypertrophy of LF. Moreover, the LF may bulge
in the canal space and reduce the diameter of the
spinal canal, as a result, it would compress the nearby
nerves and cause a disturbance in the local circulatory
cycle. Some studies had suggested that the degree of
hypertrophy of LF is positively correlated with chronic
low back pain, and it is difficult to be cured [21]. This
means that LF thickness may be closely related to the
pathogenesis of spinal pain processes.

All above mentioned delineated the important of
identifying the normal LF thickness, since the thicken-
ing or hypertrophy of the LF can lead to spinal stenosis
and narrowing the spinal canal, it may compress the
intraspinal nerve root or cauda equine. This stenosis,
compression and corresponding neural symptoms
can even occur in the absence of articular process
hyperplasia or nucleus pulposus prolapse. Moreo-
ver, this study is of paramount importance due to
the significant increase in the incidence of lumbar
spinal narrowing, as LF hypertrophy is a common
cause of lumbar stenosis and is thought to be de-
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generation-driven pathology, which leads to negative
impacts on the quality of life of these patients [22]
due to lower limb and lower back pain, numbness,
and weakness. These above mentioned symptoms
will be mitigated after squatting down or resting.

CONCLUSIONS

Exploring the correlation between various factors
and LF thickness provides reference for pedicle screw
placement and lumbar decompression surgery, the
development of individualised surgical programmes,
and can effectively reduce the incidence of unnec-
essary postoperative complications induced by mis-
placement.

Conflict of interest: None declared
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