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Ossification of the Ligamentum Flavum
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Ossification of the ligamentum flavum is a rare cause of thoracic myelopathy. It develops in East Asians more frequently than in
people from other areas. The exact pathophysiology has not been elucidated yet; however, it largely depends on biomechanical al-
terations, especially changes in the tensile force. Because the spinal cord is compressed from the posterior side, the first and most
common clinical manifestation is usually loss of functional gait and spastic paralysis, which develop as the spinal cord compression
progresses. The choice of diagnostic imaging is T2 sagittal magnetic resonance imaging scanning. \Whole spine scanning is manda-
tory to identify multiple areas of compression and any associated distal lumbar diseases. Fine computed tomography imaging is
necessary to make a differential diagnosis and set up a precise surgical plan. Conservative treatment does not work in this disorder.
Decompression surgery is the only option and prognosis after surgical treatment is better with this disorder than with other causes of
thoracic myelopathy. The severity of preoperative symptoms and the time interval before surgical treatment are the most important

prognostic factors.
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Introduction

Ossification of the ligamentum flavum (OLF) was dis-
covered by Polgar through a lateral X-ray film. However,
the investigation of the disease began in earnest after
the development of the computed tomography (CT) and
magnetic resonance imaging (MRI). Amid the thoracic
myelopathies, its incidence is less than that of ossification
of the posterior longitudinal ligament (OPLL) and higher
than that of herniated nucleus pulposus (HNP) [1]. The
ligamentum flavum (LF) connects adjoining two lami-
nas at the posterior side of the dura mater and both side
flaps are separated at the midline. It extends laterally to
the anterior side of the facet joint and is separated from
the dura mater by epidural fat. For convenience of the
explanation of the pathologic progression, LF is divided

into two parts: as a capsular portion and an inter-laminar
portion. In the past, OLF was considered to be a disease
of mostly the Japanese, and the incidence is 20% among
elderly Japanese (over 65 years of age) regardless of the
symptoms [2]. However, this disease has been reported
in other East Asian countries like Korea and China [3,4]
and even outside of Asia [5-7].

Pathophysiology and Classification

There are two putative theories for the development of
OLF: intrinsic causes such as genetic and dietary factors
[8], and extrinsic causes which weighs biomechanical
alterations [9,10]. In the past, intrinsic factors were re-
garded as being more important because the disorder was
considered to develop only in limited areas of the world.
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But extrinsic factors are presumed to be more important
nowadays after its occurrence has been seen throughout
the world [11-13]. A biomechanical mechanism as a
cause of this disorder would be different in nature from
the usual degenerative processes that occur due to hyper-
mobility because the movement of the thoracic spine is
limited compared to the cervical and lumbar spines. The
putative mechanism is as follows. When the tensile force
increases, BMP-2, TGF-beta, and SOX are elevated in the
ligamentum flavum. Then, the fibroblasts become dif-
ferentiated into chondroblasts and osteoblasts, and finally
ossification of the ligament develops [14]. One of the
reasons why it develops more frequently in East Asia is
considered to be due to the more frequent squatting posi-
tion adopted by members of those populations [15,16].
Therewith diffuse idiopathic skeletal hyperostosis, Paget’s
disease, fluorosis, adenocarcinomatous metastasis, hypo-
phosphatemic vitamin D resistant rickets, hydroxiapetite
and disorders of calcium metabolism may result in OLF
[17,18]. However, the exact pathophysiology has not been
fully elucidated yet. It progresses by endochondral ossifi-
cation [13].

The predilection sites are the lower thoracic and high
thoracic and mid thoracic areas, in order of frequency
[19]. The most frequent site is between T10 and T11, and
it is presumed that this is because these segments receive
the maximum tensile force [13,20].

Ossification begins from the capsular portion and
progresses to the interlaminar portion of the LE In the
transverse plane, ossification begins from the posterior
side and progresses to the dural side [12,21]. On both
sides, the paramedian cords meet at the midline and form
a nodular mass and this usually progresses in a cranial
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direction [6,22]. Sato classified this disorder according to
the progression (Fig. 1) [23]. Lateral type means ossifica-
tion of only the capsular portion. Extended type means
there is extension of the ossification to the interlaminar
portion but the affected part is still thin. Enlarged type
means thickening of the ossification with anteromedial
enlargement. Fused type means fusion of the bilateral
ossified mass at the midline. Tuberous type means nodu-
lar growth of the ossified mass anteriorly. The more ad-
vanced the ossification, the more stenotic the spinal canal
is.

The spinal cord eventually develops infarction and
avascular necrosis due to the chronic compression. Chro-
matolysis occurs in the gray matter and demyelinization
occurs in the white matter.

Clinical Manifestations and Diagnosis

The diagnosis is commonly missed and delayed because
of its insidious and chronic progression and the frequent
presence of other spinal diseases. Clinical manifestations
and imaging tests are the two mainstays in the diagnosis.
Local thoracic pain and stiftness and slowly progressive
myelopathy are the distinctive features. In the early stage,
posterior cord syndrome, i.e., loss of vibration and pro-
prioception, develops because compression of the spinal
cord usually begins from the posterior side. As the ossifi-
cation progresses, the lateral corticospinal tracts are com-
pressed and then spastic paraparesis develops. And as the
area of ossification enlarges, compression of the lateral
spinothalamic tracts causes loss of sensation (Fig. 2). The
most common clinical manifestation at the time of the di-
agnosis is loss of functional gait. Radicular pain and loss

Fig. 1. Sato classification according to the progression of the ligament ossification. (A) Lateral type which means ossification of
only the capsular portion of the ligamentum flavum. (B) Extended type which means extended ossification of the interlaminar por-
tion. (C) Enlarged type which means anteromedial thickening and enlargement of ossification. (D) Fused type which means fusion
of the bilateral ossified masses at the midline. (E) Tuberous type which means anterior growth of the fused mass of ossification.
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Fig. 2. (A) The ossified ligament compresses the posterior column which transmits the sensa-
tion of vibration and proprioception. (B) An enlarged ossified ligament compresses the lateral
corticospinal tract which carries descending motor signals. (C) A more enlarged ossified mass
compresses the lateral spinothalamic tract which carries ascending sensory signals. S, sacral; L,
lumbar; T, thoracic; C, cervical.
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of pain and temperature sensation are rare [24]. In imag-
ing investigations, it is not easy to discover this lesion
through simple radiography because the lower thoracic
spine is overlapped by the liver and the upper thoracic
spine is overlapped by the shoulders. An MRI examina-
tion is cardinal in the case of myelopathy. T2 sagittal MRI
is most instrumental for examining the whole spine and
discovering multiple OLFs. Furthermore, it is helpful for
determining prognosis through the signal changes of the
spinal cord [9,25,26]. However, the differential diagnosis
of hypertrophy or calcification is difficult even with an
MRI. Thus, a CT examination is important for making

Fig. 3. T10-11 ossification of the ligamentum flavum is associated
with distal lumbar spinal stenosis.
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Table 1. Options of surgical decompression

Laminotomy

Laminoplasty

En block laminectomy+dural excision leaving arachnoid
En block laminectomy+dural excision+patch graft
Laminectomy+floating ossified dura mater

Table 2. Poor prognostic factors

Severe preoperative symptoms

Long duration of symptoms before surgery
Rapid onset of symptoms

Dural adhesion and ossification
Intramedullary high signal intensity
Severity of morphological classification
Multi-level

0Old age

an exact diagnosis and for setting up a surgical plan [27].
In the case of accompanying lumbar spinal diseases, the
clinical symptoms may become vague and confusing,
making it easy for clinicians to miss the exact diagnosis
(Fig. 3). That is the reason why whole spine sagittal T2
MRI is important to perform. A double crush can make
the symptoms more severe and the surgical outcome
worse [28].

Atypical Progression

An OLF usually shows slow progression of the myelopa-
thy. However, in the case of acute compression fractures
at the index segments, an acute spinal cord injury can
develop. Acute myelopathy cases show a poorer progno-
sis (Fig. 4) [19]. Iatrogenic spinal fusion or ankylosis of
the distal segments can cause the myelopathy to progress
more rapidly than usual (Fig. 5).

Treatment and Prognosis

Conservative treatment does not work. Surgical de-
compression is necessary and should be done as soon
as symptoms develop. The options of decompression
surgery are shown in Table 1. The pertinent method ac-
cording to the classification is French type laminectomy
up to the enlarged type. Bilaterally ossified ligaments can
be excised separately. En bloc laminectomy is necessary
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above the fused type. Below the extended type without lateral laminectomy and excision of ossified ligament, is
dural adhesions, decompression can be performed with the third technique used. The sequence of decompression
laminotomy or laminoplasty. The universal method, bi- is as follows: the inferior articular processes and the in-

1 S N . IF]
Fig. 4. T10-11 ossification of the ligamentum coexisting with traumatic kyphosis and spinal stenosis of L1-2 and L3-4. After spinal
fusion surgery up to L1, spinal cord injury developed secondary to a T11 trivial compression fracture.

[F] | sk, [
Fig. 5. Small-sized ossification of the ligamentums at the distal thoracic spine show unusually rapid progression due to distal lum-
bar kyphotic ankylosis.
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ferior lamina of the vertebra above are excised; then the
ossified ligament is separated from the dura mater; next,
the ossified ligament and superior articular processes of
the inferior vertebra are ground into a paper-thin plate;
and finally, the thin bony plate is removed [29]. How-
ever, in the case of ossification up to the dura mater, the
fourth and fifth methods should be used. Total excision
of the ossified dura mater and insertion of a patch graft
is usually followed by massive cerebrospinal fluid (CSF)
leakage and a pseudomeningocele. The method which
floats the ossified dura mater, i.e., floating laminectomy;,
is feasible; however, dural floating will be insufficient in
cases where the dural ossification extends to the vertebral
foramen. Fortunately, the floated ossified mass usually
atrophies and the intradural space widens gradually as
time goes by. The pressure of the epidural venous plexus
and dural pulsation are considered to contribute to this
phenomenon [30]. Dural ossification develops in 11% to
40% [15,31-35]. There are two CT findings which predict
dural ossification. The first one is an ossified mass which
encompasses more than 2/3 of the dura mater, i.e., the
comma sign. The second one is a low-signal line between
the parallel bone plates, which looks like a railroad track,
i.e., the tram track sign (Fig. 6) [33]. In the case of dural
ossification, surgical decompression will be demanding
and complications will be more frequent; however, the
influence on the final outcome is controversial. There has
been so far no united agreement on the topic of fusion
being added to the decompression. Theoretically, a con-

(A)
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tinuing tensile force on the decompression site may affect
the rate of local recurrence and the development of local
kyphosis. There have been several studies which support
additional fusion [26,27,36-38].

The prognosis of surgical treatment is relatively favor-
able compared with other causes of thoracic myelopa-
thy. Preservation of the anterior spinal artery, which is
a major supplier of the spinal cord, may be the reason.
The improvement after decompression is not complete as
improvement is usually about 50%. This rate has still not
been increased [13,32,39,40]. The prognostic factors are
shown in Table 2 [1,26,27,31,40-44]. They are somewhat
different according to the authors. The most important
factors in most studies are the severity of the preoperative
symptoms and the time interval before the decompres-
sion surgery. Therefore, early diagnosis and early decom-
pression are the most important factors for obtaining
better outcomes.

Conclusions

OLF causes a slow progressive thoracic myelopathy. It
develops in East Asians more frequently; however, the
incidence is rare. The spinal cord is compressed from
the posterior side; hence, patients show a loss of bal-
anced walking, similar to posterior cord syndrome, at
first. Spastic motor paralysis develops as the disease pro-
gresses, and patients then show severe gait disturbance.
Conservative treatment does not work for this disorder.

(B)

Fig. 6. Computed tomography findings which predict dural ossification. (A) A comma sign, which means a high-signal ossified
mass encompasses more than 2/3 of the dura mater (arrow). (B) A tram track sign, which means a low-signal line between paral-

lel high signal plates (arrow).
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Prompt surgical decompression is necessary when myelo-
pathic symptoms develop. The more severe the preopera-
tive symptoms are and the longer the decompression sur-
gery is delayed, the poorer the surgical outcome. Though
the prognosis is better than with other causes of thoracic
myelopathy, progress in improving treatment is still not
complete. An acute severe myelopathy can develop after
a minor trauma to a pre-existing OLE, in which case the
prognosis is not so favorable.
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