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ABSTRACT

Review Article

The Root Causes of Lumbar Canal Stenosis:
An Insight with a Narrative Review

[[ES) & v-ric-rio |

In the older population, lumbar spinal stenosis is a frequent degenerative condition that can cause clinical symptoms such as
neurogenic claudication or sciatica, either with or without low back pain. Anatomically, there are three different forms of lumbar spinal
stenosis: central, foraminal, and lateral recess. The relationship between Ligamentum Flavum (LF) hypertrophy and mechanical
stress, as seen in segmental instability or disc space expansion, and their correlation with lumbar facet joint arthropathy is still not
clear. This review places particular emphasis on the causes like LF hypertrophy, lumbar segmental instability, lumbar segmental
motion, disc degeneration, lumbar spine facet joint orientation, facet joint tropism and facet joint Osteoarthritis (OA) in Lumbar
Canal Stenosis (LCS) studied in various different studies discovered in various other search databases. The present research will
also help surgeons and radiologists to interpret neuroradiological data appropriately for surgery as well as non surgical treatment
and get a better knowledge of the architecture of these structures and how they appear on neurcimaging investigations for further
proper and apt management of LCS. Additionally, it would assist in creating a diagnostic algorithm for better functional results.
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INTRODUCTION

Spinal stenosis is the common term for the constriction of one or
more foramina (bony apertures) within the spine. Depending on the
precise location(s) where the narrowing and nerve compression
occur, there are several labels for spinal stenosis. The highest
incidence of LCS was seen in the age group of 31 to 40 years
(86.7%). It is estimated that 5-60% of the stenosis cases may
involve atleast more than and equal to two level of the spine i.e.,
cervical and lumbar regions (Tandem stenosis). Anatomically, there
are three different forms of lumbar spinal stenosis: central, foraminal,
and lateral recess [1].

1. Central Canal Stenosis

The bony aperture in the middle of the vertebra known as the
vertebral foramen serves as protection for the spinal cord as it passes
through the spinal canal. Central canal stenosis is the medical term
for when one or more of these vertebral foramina are narrowed.
As the spinal cord may become compressed due to central canal
stenosis, any part of the body below the degree of compression
may feel discomfort or malfunction. Although central canal stenosis
can happen anywhere along the spine’s vertebral foramina, it usually
happens in the lumbar or cervical spine. Moreover, foraminal and
central canal stenosis can both happen simultaneously [1].

2. Foraminal Stenosis

The intervertebral foramen is the bony opening where spinal nerve
exits the spinal canal between two adjacent vertebra. Whenever
one or more foramina narrows, it is known as foraminal stenosis.
Spinal nerves branches of the cord can be compressed on right or
left-side and into the body. In this, spinal nerve becomes pinched
and leads to radicular pain and/or dysfunction. Its usually seen in
lumbar spine. This is the most common form of spinal stenosis [1].

3. Lateral Recess Stenosis

Whenthe nerve is compressed just before it reaches the intervertebral
foramen it is known as lateral recess stenosis. If spinal nerve has
compressed after exiting from foramina, it is is known as far lateral
stenosis [1]. Herniation of the intervertebral disc, hyperplasia of the
articular process and hypertrophy of the LF are the typical causes
of lateral recess stenosis. Despite the fact that clinical symptoms
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might vary, this progressive condition results in chronic pain and
functional impairment, limiting mobility as well as the capacity to
carry out activities of daily living [2]. The most often implicated levels
in degenerative lumbar disease with lateral lumbar spinal stenosis in
the elderly are L4-L5, L5-S1 [3].

The highest incidence of LCS was seen in the age group of 31 to
40 years (36.7%). Incidence reduces over 60 years and none was
seen below the age of 20 years [4]. Pathogenesis of Lumbar Spinal
Canal Stenosis (LSCS) is significantly influenced by posterior spinal
structures, particularly the LF thickness [5].

< POTENTIAL FACTORS LEADING TO
LUMBAR CANAL STENOSIS (LCS)

a) Ligamentum Flavum (LF) Hypertrophy

The LF, also referred to as the yellow ligament, runs from the second
cervical to the first sacral vertebra [5]. It starts from the anterior
surface of the lower portion of the lamina above and inserts into
the posterior surface and superior border of the lamina below. It
reaches from the facet joint capsules laterally to the location where
the laminae medially unite to produce the spinous process. It joins
the laminae of the neighbouring vertebrae in the spinal column with
its superficial and deep components, preventing the laminae from
separating during spinal flexion and restoring erect posture following
flexion [4].

The LF is a connective tissue that is thought to affect the intrinsic
stability of the spine, intervertebral movement control and
maintenance of a smooth surface of the posterior dural sac. Its
precise function is unknown. The LF lines a significant portion of the
osseous and soft tissue portions of the posterior epidural area and
joins two neighbouring laminae [6]. Since LF thickening (hypertrophy)
might decrease spinal canal width, it has been hypothesised that LF
thickness contributes to LSCS [7]. As people age, their collagen
fibres will grow and their elastic fibres will shrink, decreasing the
ligament’s elasticity [7,8].

A number of factors, including exercise level, age and mechanical
stress, contribute to LF hypertrophy [Table/Fig-1] [8]. The development
of lumbar spinal stenosis, or compression of the dural sac and
roots, is thought to be caused in part by LF hypertrophy, which
also significantly contributes to low back pain and sciatica [8]. The
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nerve root or cauda equine is mechanically compressed by canal
narrowing and causes sciatica and lower back pain even when
there are no osseous spurs, a herniated nucleus pulposus, or a
bulging annulus fibrosus [6,8].

As age increases

Extended mechanical stress

Physical  activity,
strenous exercises

- Long duration of symptoms

- Wide segmental motion

8 4

Inflammation on ligamentum flavum

-Activation of specific inflammatory factor

]

Angiogenic factors activation (Vascular endothelial
growth factor) leading to angiogenesis

Degenerative
changes occurs at
Disc, Facet joint,

Ligaments ﬂ

Scar  formation  with
fibrosis

: Ligamentum flavum

hypertrophy

[Table/Fig-1]: Schematic diagram showing exercise, age and mechanical stress

leads to Ligamentum Flavum (LF) hypertrophy [8].

b) Asymmetry of Facets (TROPISM)

Facet tropism was first described by Brailsford JF in 1928 as an
asymmetry in the angles of the left and right vertebral facet joints,
with one joint exhibiting a more sagittal orientation than the other
[9]. The association between facet tropism and the development
of lumbar disc herniation was initially proposed by Farfan H and
Sullivan J [10]. Angle is calculated in the axial planes, with angle
assessed between lines along the posterior border of the vertebral
body and another line bisecting the superior and inferior tips of the
facet joint process [10]. The angle difference between the bilateral
faces needs to be determined. Tropism is identified when there is
an angulation difference of 8° or more between the facet joints [11].

Asymmetry in the lumbar and lumbosacral facet (apophyseal) joint
angles is known as tropism. One joint has greater coronal orientation
as a result than the other. It has been hypothesised that this might
result in disc disease because tropism causes the spinal motion
segment to rotate abnormally, increasing the torsional stress on the
intervertebral disc. Additionally, it has been proposed that the angle
of the facet joint itself plays a crucial role in safeguarding the disc
and those who have more obliquity in their facets are more likely to
develop disc disease [10].

According to Weishaupt D et al., there is moderate to good agreement
between Magnetic Resonance Imaging (MRI) and Computerised
Tomography (CT) when it comes to OA of the lumbar facet joints
[12]. Agreement is even great when minor variances are taken into
account. Therefore, a CT scan is not necessary to evaluate facet
joint degeneration when an MR examination is available.

c) Disc Degeneration, Disc Space Widening and
Angulation of Disc Space

Disc has tough outer wall known as annulus and inside it is filled with
gel called as nucleus. It is present between the vertebra and acts
as shock absorbing that prevent the bones from rubbing together.
Degenerated disc disease can occur in any region of spine, most
common in lumbar region in which disc lost their flexibility and
height [12]. The overgrowth of ligament and joint causes the spinal
canal to narrow which can compress the spinal cord and nerves
causing spinal stenosis [13]. Due to damage to anterior longitudinal
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ligament, there is disc space widening and angulation of disc space
due to axial load may occur [7].

d) Facet Joint Arthrosis

Facet joint arthrosis is a common radiographic finding and has been
suggested as a cause of low back and lower extremity pain. It is
regarded as a basic component of the three-joint complex model
and is considered a dominant player in the genesis of lumbar spinal
stenosis. The zygapophyseal joints are the only synovial joints in the
spine with hyaline cartilage overlying subchondral bone, a synovial
membrane, and a joint capsule [13]. Conventional radiography
(X-rays films) still remains the most common screening method
for evaluating these changes. It is well accepted that facet joints
arthrosis is an age-dependent phenomenon but can be associated
with sex. The L5-S1 segment withstands the highest compressive
loading and depicts the greatest lordosis, which causes the highest
shear forces [12].

e) Vacuum Phenomenon

Vaccum phenomenon is a collection of gases in the intervertebral
space, principally nitrogen gas and there is displacement of gas
posteriorly within the epidural space leading to compression of
spinal cord but it's rare as compared to other causes [7,14]. Clinical
and anatomical studies discuss the surgical repercussions of LF
hypertrophy as a cause of low back pain [14]. The LF’'s normal
architecture, hypertrophy, calcification, ossification, and amyloidosis
have all been covered in other papers [7].

According to a review by Genevay S et al., researchers developed
inclusion criteria for studies in patients with lumbar spinal stenosis
using a range of symptoms, clinical indications, and radiological
criteria [15]. Imprecise nomenclature restricts the clinical relevance
and interpretability of study results. To prevent spinal instability, it
is essential that 50% of the facet joint be retained after surgical
decompression [16]. Even when bilateral laminectomies were
conducted, there was a relatively high frequency of insufficient
lateral stenosis decompression, which led to the continuation of
neurological symptoms after surgery [16].

< EVALUATION OF PARAMETERS CAUSING
LUMBAR CANAL STENOSIS (LCS)

1. Measurement of Ligamentum-flavum Thickness
Maximum allowable LF thickness has been defined as <4 mm [17].
Moreover, the vast majority of studies utilised flavum tissue from
cadavers or even during surgery. Flavum specimens that were cut
off from their attachments have a tendency to compress and buckle
which affects their thickness and poses a concern [17]. The broad
array in flavum thickness mentioned in the literature results from the
various measuring techniques employed, the demographic nature
of the populations under study, as well as the subject’s health
background [Table/Fig-2] [8,18-27].

Measuring LF thickness

Study Population technique Level (mm)

Living
Park JBetal, | o iated disc MRI Lumbar spine | 2.44 and 4.44
2001 [18]

(n=10)
Yong-Hing K et Specimens . . :
al 1976 [8] (n=107) Caliper Lumbar spine 2-3
Ramsey RH et Cadaver . )
al., 1976 [19] (n=12) Caliper Lumbar spine 4-6
Brown HA et al., | Specimens ' . :
1938 [20] (n=7) Caliper Lumbar spine 2-3
Horwitz T et al., Cadavers Caliper L3-L4 3.5
1939 [21] (n=21) L4-L5 38
Ramani PS et al., | Cadavers . L4-L5 6.13

Caliper

1975 [22] (n=18) L5-S1 5.2
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[Table/Fig-2]: Ligamentum Flavum (LF) thickness as reported in various studies

18,18-27].

MRI: Magnetic resonance imaging; CT: Computed tomography

The mean LF thickness increased caudally from L1-L2 to L5-S1
level, being thickest at L5-S1 level. Tukeys test showed that the
LF thickness at L5-S1 was significantly high (p<0.0001) which is in
concordance with the study by Ramani PS et al., Fukuyama S et al.,
and Spurling RG et al., and Sudhir G et al., [22,23,25,27]. They had
observed LF thickness values as high as 6.13 mm in their studies
and according to Kolte VS et al., the fact that their research was
carried out on elderly patients may have contributed to the higher
results found in the studies [17]. Although based on the findings, the
L5-S1 level had a mean LF thickness that was greater than the L4-5
level, L4-5 had the highest incidence of LF hypertrophy (>4 mm)
which were in congruence with the findings of the study conducted
by Sudhir G et al., [27].

e Asymmetry of Ligamentum Flavum (LF) thickness: It was
observed that left LF at the L4-L5 and L5-S1 levels was significantly
thicker than on the right [27]. Furthermore, bilaterally at L5-S1, the LF
thicknesses were substantially higher than on the corresponding sides
at L4-L.5 which was seen in study by Safak AA et al., [28] but contrary to
the findings of Kolte VS et al., Horwitz T and Sudhir G et al., [17,21,27].

Abbas J et al., observed that at L3-L4 and L5-S1, significant
asymmetry was noted and hypertrophy was observed on the right-
side [29]. Sudhir G et al., had findings similar to the above mentioned
study [27]. In addition to developmental disruptions, this asymmetry
may be a reflection of the differential mechanical stress that the
Flavum experiences during its lifetime. It has been speculated that
the individuals’ side preferences may also be the cause of this
asymmetrical mechanical stress. Interestingly, Kolte VS et al., found
no difference in LF thickness between measurements taken on the
right and left-sides [17]. However, while assessing flavum thickness,
both the right and left-sides must be assessed. The mean right and
left LF thickness showing asymmetry from various studies has been
shown in [Table/Fig-3] [17,21,27,28].

2. Anterior Disc Height, Posterior Disc Height and

Disc Volume

It was observed that from L1-L2 through L5-S1 level; disc volume,
anterior disc height, posterior disc height, had all increased which
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- L3-L4 29 Level/Side Study Mean LF thickness (mm)
Fukuyama S et Living non
o 1595 23] degenerative cT L4-L5 3.1 Horwitz T et al.,1939 [21] 38
(n=51) L5-51 3.4 L4-L5 Sudhir G et al., 2019 [27] 45
Right-side
L3-L4 3.05 9 Kolte VS et al., 2015 [17] 3.70
Sairyo K et al., Living LBP Safak AA et al., 2010 [28] 3.40
2005 [24] (n=77) MRI L4-L5 4.08 .
551 568 Horwitz T et al., 1939 [21] -
) Sudhir G et al., 2019 [27] 42
Spurling RG et Cadavers Caliper L3-L4 4.3 t‘elftlfi de
al., 1937 [25] (n=40) La-15 44 Kolte VS et al., 2015 [17] 3.84
Yoshiiwa T et al., | Living LBP cT Lals 24t 0 Safak AA et al, 2010 28] s.46
2016 [26] (n=419) MRI o Horwitz T et al., 1939 [21] 36
Right Right L5-S1 Sudhir G et al.,2019 [27] 48
L1-L2 3.25+1.13 Right-side Kolte VS et al., 2015 [17] 3.65
L2-L3 3.33+1.11 Safak AA et al., 2010 [28] 3.55
L3-L4 3.75+1.18 Horwitz T et al., 1939 [21] -
L4-L5 4.54+1.36 L5-S1 Sudhir G et al.,2019 [27] 4.4
Sudhir G et al Living LBP L5-S1 4.80+1.30 Left-side Kolte VS et al., 2015 [17] 3.78
201927 =214 MR
(27] (n=214) Left Left Safak AA et al., 2010 [28] 3.61
L1-L2 3.06+1.12 [Table/Fig-3]: Mean right vs left LF thickness showing asymmetry in various studies
[17,21,27,28].
L2-L3 3.32+1.05
L3-L4 3.58+1.18 was also seen in the study by Sudhir G et al., [27]. Tukeys test
L4-L5 4.17+1.47 showed that the mean anterior disc height at L1-L2 and at L5-S1
L5-S1 4.49+1.46 were lowest and highest, respectively.

As per Sudhir G et al., there was a statistically significant positive
association between flavum hypertrophy and anterior disc height
according to Pfirman’s grading [27,30]. Even though Pfirrman’s
grading system [30] includes disc height, it is not clear if it refers
to anterior or posterior disc height because the disc height is not
constant anteroposteriorly. In their series by Munns JJ et al., reported
no relationship between the disc height and the LF thickness [31].

3. Disc Degeneration

According to the study by Altinkaya N et al., individuals with grades
IV to V degeneration had thicker flavum at L2-L.3, L3-L4, L4-L5, and
L5-S1 levels than in patients with grades | to lll degeneration [32].
They inferred that the buckling of the LF into the lumbar spinal canal
as a result of disc degeneration is the reason of flavum thickening.
Their findings were contrary to the findings of Sakamaki T et al.,
who had reported no correlation between the flavum thickness and
degenerative disc changes [33].

According to Yoshiiwa T et al., there is a substantial positive correlation
between LF hypertrophy and increasing disc degeneration severity
[26]. The thickness of the LF was observed to be thicker in the
grade IV group compared to the grade Il and grade Il groups.
According to Appolonio PR et al., there was no statistically significant
association between disc degeneration and flavum thickness [34].

Age exerted a correlation with disc degeneration at all vertebral levels,
according to Karavelioglu E et al., [35]. Additionally, at the L4-L5
vertebral level, age was correlated to flavum hypertrophy, facet joint
degeneration, disc degeneration, and end plate degeneration, which
may imply that age-related degenerative alterations predominate at
this level. The findings were similar in studies done by Yoshiwa T et al.,
and Karavelioglu E et al., [Table/Fig-4] [26,35].

Vertebral Karavelioglu E et YoshiwaT et al., 2016 [26]

Level al., 2016 [35] <4 mm >4 mm
L1-L2 1 mm (1 mm-4 mm) -

L2-L3 1 mm (1 mm-4 mm) -

L3-L4 2 mm (1 mm-4 mm) -

L4-L5 2mm (1 mm-4 mm) | 3 mm (1 mm-4 mm) | 4 mm (1 mm-5 mm)
L5-S1 2 mm (1 mm-5 mm) -

[Table/Fig-4]: Disc Degeneration and Ligamentum Flavum (LF) thickness in various
studies [26,35].
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4. Facet Joint

Wang J and Yang X proposed that a coronally oriented L4-L5
facet joint negatively correlated to age (r=-0.456, p=0.0001), which
may help to explain why ageing persons are more likely to develop
degenerative spondylolisthesis which is an induced mechanical
stress [36]. Imajo Y et al., divided facet joint morphology into
four categories: coronalised facet joints were approximately 90°,
C-shaped facet joints were slanted at about 45°, and J-shaped
facet joints were angled at around 30° [37] and sagittalised
facet junctions showed a reduced facet angle as shown in the
[Table/Fig-5] [26,37].

Facet joint morphology at L4-L5 Yoshiiwa T et al., [26]
level [37] Average LF thickness (mm)
C-shaped 4.4+1.0
Coronalised 3.9+0.8

J-shaped 4.3+0.8
Sagittalised 5.0+1.8

p-value 0.24 (Not significant)

[Table/Fig-5]: Facet joint at various vertebral level [26,37].

e Facet joint angle and facet angle asymmetry: Facet angle
increases caudally and confirms the change in the orientation of the
facet joints from sagittal plane towards the coronal plane caudally
[36]. It also revealed that maximum variation of the facet angle is
present at L4-L5 level proved by its widest range among all the
levels [Table/Fig-6] [10,13,26,38,39].

Yoshiiwa
Farfan Van Schaik Ahmed AM Tetal,
Hetal., Jetal., 1985 etal., 1987 Noren R et 2016
Level | 1967 [10] [38] [39] al., 1991 [13] [26]
L3-L4 - 37.1 (17-57) - 39.6 (17.6-57) -
L4-L5 | 43 (10-70) | 48.2 (29.5-75) | 52 (12.6-70.3) | 48.4 (30-64.5) | 40.9+8.4
L5-S1 | 52 (20-90) | 53.1(36-70) - 53.9 (29-77.5) -

[Table/Fig-6]: Mean facet joint angle and observed range (min-max) according to

various studies [10,13,26,38,39].

e Facet tropism: However, some of them looked into the relationship
between facet tropism and flavum thickness. In Sudhir G et al.,
study observed the highest frequency of facet tropism at the L4-
L5 level, they identified a statistically significant positive correlation
between facet tropism and flavum thickness at L5-S1 level and not
at any other levels [27]. Appolonio PR et al., also found no significant
association between the thicknesses of the LF and the presence of
tropism at different spinal levels [34].

e Facet joint degeneration and facet joint Osteoarthritis (OA):
Song Q et al., in their detailed study discussed various aspects
of degeneration of the lumbar 3-joint complex [40]. They reported
that the mechanical consequences of disc degeneration, includes
decrease in disc height, and an increase in facet joint degeneration.
Chokshi FH et al., reported that LF thickening can be secondary to
facet degenerative changes, independent of disc space narrowing
[41]. Analysis of the study conducted by Yoshiiwa T et al., showed
that flavum hypertrophy was influenced by facet joint OA and
statistically significant relationship between facet joint OA and
LF thickening was found [26]. There was a significant correlation
between LF thickness and disc degeneration; LF thickness
significantly increased with severe disc degeneration [26].

In the study conducted by Karavelioglu E et al., observed that the
age related changes (LF thickness, facet joint degeneration, disc
degeneration and end plate degeneration) were more prominent at
L4-L5 vertebral level [35]. The results of their study suggested that
flavum thickening may occur independently or could be associated
with facet joint OA especially on the ipsilateral side [35]. There was
a significant correlation between LF hypertrophy and facet Joint
degeneration/facet joint OA at each vertebral level [26,35].
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5. Lumbar Segmental Motion/Segmental Angulation,
Disc Space Widening/Angulation of Disc Space,
Vacuum Phenomenon and Lumbar Lordosis

Okpala FO showed how lumbar lordosis was measured using
the Lumbo Sacral Joint Angle (LSJA) method [42]. LSJA was the
most reliable angular measure of Lumbar Lordosis, followed by
the Tangential Radiologic Assessment of Lumbar Lordosis (TRALL)
angle, and then, the Lumbosacral Angle (LSA); the Cobbs angle was
the least reliable of them all. Statistical analyses were performed by
Mann-Whitney U test. The grade system of disc degeneration and
facet joint OA were by chi-square test.

Flavum thickening significantly correlated with disc space widening
at all vertebral levels and vacuum phenomenon (n=7/57) at L4-L5
vertebral level [Table/Fig-7]. Yoshiiwa T et al., observed that age,
disc space widening angulation, and facet joint OA were associated
with LF thickness. Severe disc degeneration, sagittalised facet
joint orientation, and segmental instability were all linked to the
development of LF hypertrophy [26].

Parameter at L4-L5 vertebral level Yoshiiwa T et al., 2016 [26]

7 (17.9%) patients

Vacuum phenomenon

Segmental angulation 7.2°+£3.2° (2°t0 139)

6.3°+15.1° (-8° t0+12°)
44.9°£11.3° (15° to 73°)

Angulation of disc space widening

Lumbar lordosis

[Table/Fig-7]: Various parameter at L4-L5 vertebral level affecting canal [26].

CONCLUSION(S)

This review shows evaluation of parameters like LF hypertrophy, lumbar
segmental instability, lumbar segmental motion, disc degeneration,
lumbar spine facet joint orientation, facet joint tropism and facet joint
OA leading to LCS. From the review conducted, it was concluded
that mechanical stress in the form of disc space widening/angulation
of disc space widening or lumbar segmental motion/segmental
angulation induces LF hypertrophy and was a major concern for LCS.
LF hypertrophy was also associated with age, OA of facet joint at all
vertebral levels, and vacuum phenomenon at L4-L5 level.
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