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Purpose The current literature contains many data associated with the cervical ligamentum flavum (CLF). The present study

is to overview knowledge of CLF.
Methods Comprehensive literature review was performed.

Results Topics include anatomy, embryology, histology, radiology, clinical relevance, and pathological manifestations of
the CLF, including ossification, calcification, and hypertrophy. Spine procedures always require extreme precision; spine
surgeons and neurosurgeons encounter challenges that put patients’ lives at risk.

Conclusion This study can assist clinicians in performing spinal interventions with the fewest possible complications.
Because there have been few studies of the CLF, further investigation is suggested.

Keywords Anatomy - Cadaver - Review - Cervical spine - Ligament

Introduction

The ligamentum flavum (LF), also known as the yellow liga-
ment, is a posterior structure in the spinal canal essential
for maintaining the stability and mobility of the spine and
for attaching the laminae of the adjacent second cervical
(C2) vertebra through the first sacral vertebral segment (S1),
although some authors suggest it may extend from C1 [9, 15,
32]. Histologically, the LF comprises elastin and fibrillin fib-
ers in each region. These fibers confer a distinct yellow color
on the LF, making it more readily detectable during surgery
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[9, 15]. In 1938, Naffzinger et al. proposed an anatomical
description of the LF. They described it as attaching to the
inferior and anteroinferior surfaces of the cephalad portion
of the lamina and penetrating the superior and posterosupe-
rior surfaces of the caudal lamina [32].

The LF is most commonly divided into three regions:
cervical, thoracic, and lumbar. Owing to its location in the
spinal canal, some authors have proposed a less common
division: pars interspinalis, pars interlaminar, and pars cap-
sularis [13, 19, 49]. Moving from C1 to C7, the LF becomes
longer because of the increment in the interval between
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adjacent laminae (Fig. 1). It becomes thicker and narrower
inferiorly in the spine, the lumbar LF being thickest. Nota-
bly, on imaging, the LF is thicker in spinal extension than
in spinal flexion. Pathological changes such as hypertrophy,
calcification, and ossification can affect its thickness [12,
28, 36, 49]. The most common LF pathology is hypertrophy
[36].

LF is significant in spine surgery and epidural/subarach-
noid anesthesia because of the frequency of such procedures,
the sensitivity of the spine, and its position in the spinal
canal. The cervical region is the second most common area
for epidural steroid injection, a frequently conducted inter-
ventional procedure in the United States [1]. These examples
highlight the need to recognize the anatomy of each portion
of the LF accurately in surgical procedures such as microdis-
cectomy, cervical laminoplasty, and many others.

The cervical ligamentum flavum (CLF) occupies a more
distinct and sensitive position than other parts of the LF.
The slightest pathological alteration in it can cause relatively

Fig. 1 Anterior view of the posterior half of the cervical spine. Note
that the ligamentum flavum becomes longer because of the increment
in the interval between adjacent laminae
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more severe and even irreversible complications. The CLF
and its position should, therefore, always be considered by
surgeons, anesthesiologists, and interventional specialists
to ensure sufficient control and understanding. The present
study is an opportunity to overview knowledge of CLF.

Materials and methods

“A literature search was conducted using PubMed and
Google Scholar with the keywords ‘ligamentum flavum,’
‘ligamenta flava,” and ‘yellow ligament.” Abstracts were
screened, and the full texts of relevant articles were selected,
downloaded, and reviewed. ”

Results
Anatomy
The shape of the cervical ligamentum flavum

The CLF are paired ligaments (right and left) believed to
attach the laminae of the C2 (or C1) to C7 vertebrae and
cross in the midline, providing an ambiguous angle that
is open anteriorly. Caudally, the LF thickens and becomes
more prismatic, and its length increases as the laminae
become larger, the distance between them widening sequen-
tially [10, 53]. Sometimes, the right and left LF are not fused
in the midline. In these cases, incomplete or complete gaps
can form between them. The literature suggests that the inci-
dence of such gaps ranges from 50 to 100%, with a mean of
74% in some studies. This also happens more frequently at
the cervical and thoracic levels than the lumbar level [25-27,
61]. Nevertheless, various studies have described the LF as
a structure with no midline separation [32, 38, 62]. The gap
can vary and present as a fissure or foramen [26, 61].

Height

The LF and lamina height are identical and coincide, gradu-
ally increasing from cranial to caudal at subaxial cervical
levels (C2-C7) [40, 42]. Males tend to have a higher LF
than females, indicating that LF height is sex-dependent [3].

Width

The width of the CLF (distance between the midline and its
lateral attachment) roughly follows the width of the laminae,
which is relatively constant from C3—C4 to C7-T1 and nar-
rowest at C2—C3 [40, 42].
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Thickness

The LF is thinnest between the atlas (C1) and the axis (C2),
so thin that it does not even appear in some people [10];
instead, it appears in the cervical region below, at C2-T1.
The thickness of the LF is roughly constant except at the
C2-C3 level, where it is markedly thinner than at other lev-
els [9]. It also thickens from the lateral to the medial part of
the ligament, leading to more muscular, bony attachments in
the lamina's middle portion than the thinner lateral portion
[56]. At C3 to C7, Sayit et al. revealed that the LF is thicker
in spinal extension than flexion at the same level. In contrast,
LF thickness did not change appreciably at the C2—C3 and
C7-T1 levels in extension, flexion, or neutral positions [49].

According to Kim et al., the mean cervical LF thicknesses
in a control group and a cervical spinal stenosis group were
1.48 mm and 2.09 mm, respectively (p <0.01) [22].

Attachments, neural foramen, and laminar coverage

The CLF does not quite reach the neural foramen, and its
lateral margins are roughly settled in important points in
that foramen. The LF also encompasses the anterior side of
the cervical facet joint and the craniomedial side of the joint
corner [3, 56]. The CLF mainly attaches to the anterior cra-
nial surface of the caudal lamina and does not adhere to the
posterosuperior part of the lamina [61]. Unlike laminar cov-
erage, the empty zone steadily shrinks from cranial to caudal
in the cervical levels [40, 56]. CLF laminar coverage steadily
rises from 33% in the para midline at the C2 level to 70%
in the para midline at the C6 level [40]. The mean cervical
LF areas in the control and cervical spinal stenosis groups
are 25.24 mm? and 45.34 mm?, respectively (p <0.01) [22].

Embryology

Current literature suggests that the LF is a paired structure,
and its development is strongly associated with laminae. In
some investigations, LFs appeared at 10-11 weeks [30], but
Misawa et al. recognized ossification centers of laminae and
LFs only at 12 weeks gestational age [29]. At 15 weeks of
development, the LF becomes thicker, although it does not
stain as strongly as an adult LF [29, 30].

Histology

The LF is an orange-yellow ligament, or pink in some cases
[15, 40]. It comprises 80% elastic and 20% collagen fibers
[44, 60]. The various sizes of elastic fibers intermingle with
the collagen fibers in a predominantly parallel fashion, but
some fibers cross over to form an arched arrangement [11,
56]. Notably, in some parts of the attachment area of the
ligament, there are diamond-shaped interstices between the

elastic and collagen fibers, and collagen fibers prevail in this
area. Further, this region has fewer and smaller elastic fibers,
with a modest number of fibroblasts scattered among them
[11, 43]. Occasionally, there are vessels among the collagen
fibers, most commonly at the inner border of the ligament,
the outer border often encircled by muscle fibers [43]. The
attachment point of the ligament to the vertebral lamina is
occasionally characterized by fibrous tissue and bone adja-
cent to the edge of the ligament cartilaginous tissue [43, 51].

Radiology

Imaging modalities such as magnetic resonance (MRI),
computed tomography (CT), and ultrasound can assess CLF
pathologies such as ossification, hypertrophy, and calcifi-
cation. CT and MRI are both useful for diagnosing CLF
pathologies. However, MRI is recommended for diagnosing
such pathologies given its greater soft-tissue contrast resolu-
tion, multiplanar capabilities, absence of beam-hardening
artifacts, and ionizing radiation. However, a CT scan can be
an excellent surrogate for MRI owing to its availability and
the more significant economic constraints of MRI imaging,
among its additional benefits. Another potential advantage
of CT is that it is better for detecting bone anomalies relevant
to ligament injuries [45, 50]. CT scans are also widely avail-
able to assess cervical vertebra fracture patterns in acute
situations. A high-quality CT scan with appropriate inter-
pretation can identify fracture patterns, avulsion fractures,
and concurrent ligament injuries in the cervical spine [57].
However, a cervical spine MRI is the most effective and
sensitive imaging modality for evaluating the cervical ver-
tebrae and their components, such as the cervical facet, LF,
and intervertebral disc. It is also superior in demonstrating
the structures of soft tissues, such as the intervertebral disc
and LF [55, 63]. In one study, the CT and MRI measure-
ments were practically identical, and just one of those imag-
ing modalities was adequate for measuring the LF and other
spinal structures accurately. The authors of this study also
found that the LF appeared slightly thicker on CT than on
MRI, and on average, it appeared smaller on T1-weighted
sequences than on T2-weighted sequences [50]. Kinetic MRI
(fMRI) is another imaging modality that could be more effi-
cient for elucidating the pathogenesis of spinal canal stenosis
in flexion and extension [63].

Ultrasound imaging is another modality referenced in the
literature. It is suggested to be superior in providing approxi-
mate results most quickly. It is also a less invasive, more
mobile, and easier to handle modality than CT or MRI imag-
ing. One suggested use of ultrasound is clearly identifying
the epidural space [6, 21, 39]. The literature indicates that
the most accurate method for using ultrasound imaging of
the LF is to measure the distance from the skin to the inner
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surface of the LF [6]. However, Kim et al. demonstrated
that ultrasound imaging shows less actual needle depth [21].

Clinical relevance
Ossification

Ossification of the LF is a slowly progressing disorder whose
etiology is still unclear. It is most often detected after the
onset of symptoms associated with spinal cord compression.
Plain cervical spine radiography can be used for screening
[18]. Ossification of the LF is not a rare disorder; its esti-
mated prevalence is 4.3-26% [14, 59]. Guo and colleagues
[14] reported the exam findings of 1736 participants. They
found prevalences of 4.3% in cervical ossification and 0.1%
in lumbar ossification of the LF. The CLF ossification sites
affected ranged from the middle to the lower cervical spine.
In order of significance, genetic predisposition, mechanical
stress, obesity, reduced parathormone levels, and overex-
posure to fluoride are the main etiological factors hypoth-
esized to be responsible for LF ossification [23, 31, 52]. The
most active ossification process is the articular surface of the
intervertebral joints and the point where the fistula of the
joint connects to the LF [17].

The symptoms of CLF ossification vary depending on
the level of the spine where the pathological changes arise.
They are similar to the symptoms of hypertrophy and cal-
cification but differ in severity. Studies indicate that they
include loss of dexterity in the hands, especially fine move-
ments such as writing or removing coins from pockets, upper
and lower limb paresthesiae, numbness, muscular weakness
and stiffness, and pain associated with radiculopathy, some-
times in the neck [24]. Urinary symptoms usually manifest
as urgency, but there can also be bladder and bowel incon-
tinence [23]. The neurological manifestations of CLF ossi-
fication can be greater when the cervical spine rather than
the lumbar and thoracic spine is affected [23, 52]. Ossifica-
tion of LF is diagnosed based on clinical symptoms, lateral
X-rays, CT scans, and MRIs.

Hypertrophy

LF hypertrophy was initially identified in 1913 as a primary
cause of spinal stenosis, which can lead to systemic disor-
ders, limb pain, paresthesiae, and paralysis [46, 65]. The
terms LF thickening or hypertrophy are used interchange-
ably in the literature to describe LF buckling related to
disc degeneration and successive decreases in disc height.
Whether LF hypertrophy is related to enhanced LF thick-
ness or reduced disc height leading to LF buckling into the
spinal canal is unclear [4, 48]. According to preliminary
studies, a range of molecular and genomic factors, such
as genome-wide DNA methylation, cytokine receptor-like
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factor 1, and microRNAs, are implicated in LF hypertrophy
[8, 64]. LF flexibility declines in the elderly, but the exact
mechanism for this decline is unknown. A few publications
indicate that aging causes ligament fibrosis and an increase
in the collagen-to-elastin ratio, thus reducing the elasticity
of the LF. Other publications presume that the decrease in
flexibility is due merely to buckling of the ligament owing to
disc degeneration, reduction in disc height, and an eventual
reduction in spinal canal diameter leading to spinal canal
stenosis [37, 47, 54]. There are no sex differences in LF
hypertrophy, unlike disc degeneration. In addition, the right
side of the LF thickens more than the left [54].

Calcification

Nanko and colleagues identified calcification of LF for
the first time in 1976 [34]. This crystal deposition disease
mainly affects the central portion of the LF (Fig. 2). Its
pathogenesis has been described in relation to degenerated
and thickened ligaments. Calcium deposits mainly occur in
the central part of the LF, which is surrounded by degener-
ated elastic fibers. Typically, calcification of the LF has no
continuity with the lamina, and the superficial and deep lay-
ers of the LF are preserved [33, 35].

Many confounding conditions can affect the development
of LF calcification. These include aging, endocrine imbal-
ance, metabolic diseases, cervical spine mechanical stress,
and chondrocyte metaplasia [35, 41]. In one study, research-
ers found that 85% of all patients with LF calcification were
female and had an average age of 64.8 years (39-80 years).
Most of the lesions in this population were found between
the C4-5 and C6-7 levels. This study provided some

Fig.2 Superior view (axial section) of the calcified ligamentum fla-
vum (arrows) in the cervical spine
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information, but the prevalence of LF calcification in the
general population needs to be clarified [7]. Additionally,
in a radiological study, 0.09% of patients complaining of
neck problems had radiological findings indicative of LF
calcification [58].

According to the literature, LF calcification mainly
affects Asian populations and patients older than 60, mostly
females. It is sometimes associated with cervical disc dis-
ease. Concomitant calcium deposits have also been observed
in other articular or periarticular sites, such as the knee joint,
intervertebral discs, hip joint, pubic symphysis, and shoulder
[55, 63]. Gait disturbances coexist with an abnormal deep
tendon reflex or sensory disturbance. Sensory disturbance
and hand weakness are also common [7, 55].

Discussion

The CLF is the posterior entrance gateway to the cervical
spinal cord. Interventions on it are performed in millions
of cases of epidural analgesia, interlaminar epidural steroid
injections, and microdiscectomy. Because of its sensitivity,
accurate procedures are needed to prevent further complica-
tions, and it is critical in these circumstances to understand
the anatomy of the CLF exactly.

The LF is a protective structure that supports the poste-
rior section of the spine and is one of the most important
structures in epidural anesthesia. The cervical portion of the
LF is significant in any intervention because of its location.
The LF develops at about 12 weeks of gestation [29] and
is composed of elastic and collagen fibers [44], which give
it its characteristic yellow appearance [15]. Anatomically,
from cranial to caudal, the CLF becomes larger, thicker, and
prism-like [10, 40, 42, 53]. Inferiorly, its height and length
increase gradually, being greater at the C7-T1 levels than
at other levels [40, 42, 53]. Since the width of the CLF is
proportional to the width of the lamina, it is mostly con-
stant, but it is narrower at the C2—C3 level than at other
levels [40, 42]. Gaps in the LF occur with an approximate
mean incidence of 75% [26, 27], making it a non-integrated
structure. Therefore, one cannot always rely on the CLF as a
perceptible barrier to epidural needle placement at cervical
levels. CLF non-integration can also explain the procedure's
absence or a false sense of “loss of resistance” [19, 25-27].
However, some investigations have reported no gaps in the
LF [32, 38, 53].

Since the LF is located immediately adjacent to the
nerve components of the spinal cord, any pathology that
involves the slightest change in it could cause neurological
disturbances. The reported pathologies of the CLF include
ossification, hypertrophy, and calcification. In general, all
these disorders have identical symptoms, such as muscular
weakness and stiffness, gait disturbance, numbness, limb

paresthesia or plegia, and pain. Symptoms vary depend-
ing on the location of the spinal cord involvement, but
ossification usually produces more severe symptoms than
the other pathologies. It mainly involves the thoracic part
of the LF rather than the cervical and lumbar parts [14,
59]. One explanation for the high frequency of LF ossifi-
cation at the upper and lower thoracic levels is increased
mechanical stress, where the thoracic vertebrae form the
junction between the stiff rib cage and the cervical or lum-
bar spine [36]. In patients with LF ossification, alterations
are prevalent in other spinal structures, such as the verte-
bral ligaments, vertebral body, intervertebral disc, facet
joint, and paravertebral muscles [16].

The CLF is associated with spinal decompression sur-
geries, particularly for treating spinal stenosis, myelopathy,
and radiculopathy [33, 34]. Procedures such as laminectomy,
laminoplasty, foraminotomy, and posterior cervical decom-
pression surgery may be performed. Diagnosis of an LF
pathology is based on neurological findings, examination,
and imaging modalities using MRI, CT, and ultrasound [6,
21, 39, 45, 50]. At the cervical and lumbar levels, the patho-
logical level can be determined by neurological and anatomi-
cal findings of the severity of the muscular lesion, sensory
and gait disturbance, and the degree of deep tendon reflex [2,
35, 41, 65]. Thoracic myelopathy is suspected in individuals
with lower deep tendon reflexes in the lower than the upper
limb. In these cases, imaging investigations from the upper
to lower thoracic levels are required [16]. Wide imaging
investigations are needed in patients with flaccid paralysis of
the lower limbs, especially those with substantial muscular
atrophy and weakness, since problems at the lower thoracic
level, such as LF abnormalities and/or posterior longitudinal
ligament disturbances, are suspected [5]. MRI is a safer and
more convenient imaging modality for the best imaging of
soft tissues, but a CT scan can help in an emergency [50,
51]. However, there are no consistent correlations between
the degree of compression and the severity of neurological
findings in pathologies that compress the spinal cord. Some
individuals have minimal or no neurological signs, even
when the spinal cord is severely compressed [20]. This is a
crucial point to consider before making a diagnosis.

Conclusion

Spine procedures always require extreme precision, so
spine surgeons and neurosurgeons encounter challenges
that put patients’ lives at risk. This study can assist clini-
cians in performing spinal interventions with the fewest
possible complications. Because there have been few stud-
ies on the CLF, further investigation is suggested.
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