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The “Thickened” Ligamentum Flavum: Is It
Buckling or Enlargement?

F.H. Chokshi
R.M. Quencer

W.R.K. Smoker

BACKGROUND AND PURPOSE: Thickening of the LF is ascribed to buckling due to DSN. Uncertainty
exists as to whether this can occur without DSN. Our primary hypothesis was that facet degenerative
changes alone, independent of DSN, can thicken the LF. Our secondary hypothesis was that inflam-
matory changes surrounding degenerative facet joints may incite thickening.

MATERIALS AND METHODS: Fifty-two patients were divided into 1 of 3 groups: group 1 (normal lumbar
spine, n � 21), group 2 (LF thickening and FH with normal height of the L4–5 disk, n � 18), and group
3 (LF thickening and FH with decreased height of the L4–5 disk, n � 13). LF thickness measured on
axial T1WI at the midpoint of the LF length was compared with that in group 1. Facet joints were
evaluated for spurring, joint fluid, and cortical irregularity, indicating facet degeneration. Enhancement
of the facet joints and LF thickening were also evaluated (n � 2). The Student t test was used to
compare groups.

RESULTS: Normal LF thickness (group 1) was 3.1 mm, whereas LF thickness averaged 4.9 mm in
group 2 and 5.3 mm in group 3 (both P � .001). Patients with asymmetric LF thickness showed greater
LF thickness on the side with greater FH. There was more LF enhancement on the side with greater
facet degenerative disease.

CONCLUSIONS: LF thickening can be secondary to facet degenerative changes, independent of DSN.
Inflammatory changes may be an inciting factor for LF thickening.

ABBREVIATIONS: DDD � degenerative disk disease; DSN � disk space narrowing; FH � facet
hypertrophy; LF � ligamentum flavum; T1WI � T1-weighted imaging

Thickening of the LF is most commonly attributed to “buck-
ling” of the LF into the spinal canal secondary to loss of

intervertebral disk height1-3; however, it is uncertain whether
thickening can be present in the absence of DSN. LF thicken-
ing has also been associated with FH changes in the absence of
DDD,4 as well as other causes such as mechanical stress and
physical activity levels.5,6 Furthermore, because �90% of
lumbar degenerative disease involves the L4 –5 level,4 the un-
certainty of the factors responsible for the apparent LF thick-
ening at this level warrants further investigation.

The purpose of this study was to characterize LF thick-
ening in the setting of FH in patients with and without
DDD. Therefore, our primary hypothesis was that adjacent
facet degenerative changes alone, in the absence of DSN,
can cause thickening of the LF. Our secondary hypothesis
was that inflammatory changes surrounding the degenera-
tive facet joint may be the inciting etiology of this
thickening.

Materials and Methods
This study was approved by our institutional review board. Using

imaging data base searching software (Primordial, San Mateo, Cali-

fornia), we searched a chronologic MR imaging data base for all at-

tending-verified reports of lumbar spine MR imaging performed and

reported at Jackson Memorial Hospital (Miami, Florida), from Janu-

ary 1, 2009, to November 1, 2009. Specifically, we used the following

search terms: “ligamentum flavum thickening,” “ligamentum flavum

hypertrophy,” “lumbar spine,” “degenerative disk disease,” “disk

space height loss,” and “normal lumbar spine MR imaging.”

Initially, 854 reports of lumbar spine MR imaging were identified.

Subsequently, each report and its associated MR images were re-

viewed by a senior radiology resident (F.H.C.) and an experienced

board-certified neuroradiologist (R.M.Q.). Studies were excluded if

they met the following exclusionary criteria: previous spine surgery,

significant disk or metastatic bony/spinal canal disease, intraspinal

synovial cysts, scoliosis, and spondylolisthesis at L4 –5.

The remaining studies were assigned to 1 of 3 groups: group 1

(normal findings on lumbar spine MR imaging, n � 21), group 2 (LF

thickening and FH with normal height of the L4 –5 disk, n � 18), and

group 3 (LF thickening and FH with decreased height of the L4 –5

disk, n � 13).

Disk height at L4 –5 was determined by comparison with the L1– 4

disk space heights. If all examined levels had comparable heights,

without associated osteophyte formation, desiccation, or canal steno-

sis, the disk was deemed normal. Disk desiccation was determined by

signal-intensity loss of the L4 –5 disk on sagittal T2-weighted images.

Facet joints were evaluated for the presence of spurring, joint

fluid, and cortical irregularity, thereby indicating degeneration. A

normal value for LF thickness was established by measuring the thick-

ness at half the length of the LF on axial T1WIs in group 1 (Fig 1), by

using the measuring tool on the PACS system. Axial T1WIs were used

because they offered better delineation of the LF and facet joints,
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compared with T2-weighted images. Group 1 had a mean LF thick-

ness of 3.1 mm.

For groups 2 (Fig 2) and 3 (Fig 3), LF thickening was measured on

the axial T1WI that was perpendicular to the spinal canal axis and

parallel to the laminae, where LF were seen along their entire length.

We made 2 measurements: 1) LF width at half its length, and 2) LF

width where it appeared the thickest. These values were compared

with the mean LF thickness from group 1, 3.1 mm. These 2 measure-

ments were taken to account for any morphologic changes in the LF

due to proximity to adjacent FH changes. A Student t test was per-

formed by using LF thickness measurements at half the LF length

between the following groups: 1 and 2, 1 and 3, and 2 and 3, with both

means and SDs computed.

Additionally, the degree of adjacent FH was assessed. Specifically,

any asymmetry in LF thickening associated with asymmetric FH was

noted (Fig 4). Asymmetry was defined as 1 side having more pro-

nounced FH and LF thickness. In patients with gadolinium-based

contrast studies (n � 2), associated inflammatory enhancement of the

facet joints and the LF was evaluated as well (Fig 5).

Results
Evaluation of 21 lumbar spine MR images (group 1) with nor-
mal findings yielded an average half-length LF thickness of
3.1 � 0.8 mm. The average half-length LF thickening within
the remaining groups was 4.9 � 1.0 (group 2) and 5.3 � 0.7
mm (group 3) (Figs 2 and 3). These measurements were sig-
nificantly (P � .001) greater than the width of the normal LF
(group 1). The average maximal LF thickness was 5.6 � 1.0
mm (group 2) and 5.8 � 0.9 mm (group 3).

Additionally, no statistically significant difference in LF

Fig 2. Sagittal and axial T1WIs of a patient in group 2 show normal L4 –5 intervertebral
disk height and symmetric bilateral LF thickening and FH changes.

Fig 3. Sagittal and axial T1WIs of a patient in group 3 show both L4 –5 intervertebral
disk-height loss and bilateral LF thickening and FH changes.

Fig 4. T1WI at L4 –5 show asymmetric LF thickening. The LF is thicker on the right side (5.0
mm) compared with the left (3.9 mm); FH is also ipsilaterally worse on the right side
relative to the left.

Fig 1. Measurement technique of the LF at the L4 –5 level. Thickness of the LF is measured
at half the length of the LF on axial T1WI.
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thickening was made at half-length (P � .15) (Fig 6) or max-
imal width (P � .40) in groups 2 and 3.

Patients with asymmetric LF thickening showed greater LF
thickness on the side with worse facet degenerative disease, as
subjectively evaluated (Fig 4). Also, postcontrast studies
showed more enhancement of both the facet joint and the LF
on the side with greater facet degenerative disease (Fig 5).

Discussion
There is uncertainty as to whether apparent thickening of the
LF is due solely to loss of disk space height and subsequent LF
buckling or whether LF thickening may be present in the ab-

sence of an abnormal disk space. To address this issue, we
examined 2 cohorts of patients (groups 2 and 3). Both groups
had LF thickening and FH; however, only group 3 also had
intervertebral disk-height loss at L4 –5.

Besides the often-observed buckling of the LF, reports in
the literature also ascribe LF thickening to other factors such as
mechanical stress and physical activity levels.5,6 Increasing pa-
tient age has been shown to correlate with LF thickening at the
L4 –5 level,6,7 presenting as young as 30 years of age in 1 recent
study8; however, Safak et al9 have recently found no such
association.

Additionally, even though buckling of the LF secondary to
intervertebral disk-height loss has often been cited,1-3 LF
thickening has also been associated with FH changes,4 which,
in association with other findings, contributed to lumbar spi-
nal stenosis, sometimes in the absence of DDD.8 Our results
not only support these observations and our primary hypoth-
esis but suggest that there may also be an independent rela-
tionship between intervertebral disk height and LF thickening.
This is especially true in the few contrast-enhanced studies
that showed asymmetric FH associated with ipsilateral LF
thickening and enhancement.

In patients with spinal stenosis, Park et al5 found a mean
thickness of the LF of 4.44 mm, thicker than the LF thickness
in the control group (2.44 mm). Other studies have shown
normal thicknesses of the LF, ranging from 1.8 to 5 mm.4,9-11

Our results for normal LF thickening, showing a mean of 3.1
mm, are similar to the findings in these studies.

Moreover, our findings and observations strengthen the
secondary hypothesis of this study that inflammatory changes
may be an inciting factor for LF thickening. Histologic studies

Fig 5. Pre- (left) and postcontrast (right) axial T1WIs at L4 –5, show asymmetric thickening
of the LF and FH, with subtle enhancement of the LF adjacent to the hypertrophied facet
joint. Subtle enhancement of the lateral aspect of the left facet joint is also seen.

Fig 6. Mean LF thickness of group 2 (4.9 mm) and group 3 (5.3 mm) at half-length of the LF at L4 –5. No statistically significant difference in LF thickness was seen at half-length between
groups 2 and 3 (P � .15).
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have found that fibrocartilaginous transformation provoked
by collagen proliferation and ossification can lead to LF thick-
ening.6,12 Age-related fibrosis or decrease in the elastin-to-
collagen ratio, in combination with biomechanical stress, has
been reported to lead to thickening of the LF.5-7 Pathologic
studies have revealed leakage of inflammatory cytokines from
degenerating facet joints, implicating these molecules as
causes of both LF thickening and pain generation in the adja-
cent nerve fibers.13,14 Additionally, Sairyo et al15 have found
LF thickening to be a result of scarring from inflammation,
prompted by mechanical stress-induced tissue damage.

As a corollary, we also found that in cases of asymmetric LF
thickening, both the thickness and postcontrast enhancement
were greater on the side harboring the more severe facet de-
generation (Figs 4 and 5). This finding implies a spatial and
causal relationship between facet degenerative changes and LF
thickening.

Careful and systematic evaluation of facet joints and the LF
is important. Specifically, recognition of the correlation and
possible causal relationship between FH and LF thickening
can facilitate detailed and relevant evaluation of the cause of
lumbar spinal stenosis. Particularly in patients with normal
L4 –5 intervertebral height, the LF and facet joints should be
assessed for symmetric or asymmetric concordant disease. In
patients with lumbar pain with facet joint and LF enhance-
ment, both infection and severe degenerative disease should
be kept in mind. Furthermore, in the presence of significant LF
thickening and FH, gadolinium-based contrast administra-
tion could be considered to determine if the facet disease is a
cause of pain generation.

In addition, facet degenerative changes and LF disease
should be particularly noted in the interpreting radiologist’s
final report, even when the intervertebral disk spaces appear
normal. This is especially important when the referring phy-
sician is considering an intervention for relief of pain and/or
neurologic symptoms. Identifying “pure” LF pathology may
mitigate the need for extensive spinal surgery and prompt the
surgeon to undertake a minimally invasive technique.10 In ad-
dition, the rich bilevel innervation of the posterior elements by
the posterior ramus of the spinal nerve can produce referred
pain.4 With radicular distribution at the 2 adjacent ipsilateral
facet levels, detailed identification of the pathologic facet and
LF levels can help explain the patient’s symptoms in such
cases. Drug therapy with anti-inflammatory agents may help
reduce or control LF thickening because it has been found to
be a scarring phenomenon.15

This study had several limitations. Age and sex were not
considered when stratifying patients in 1 of 3 groups because

our goal was simply to assess whether LF thickening can be
seen independent of DSN. The analysis of disk space heights
and FH changes was subjective; the study was not prospective.

Future studies could include assessment of normal and ab-
normal LF thickness as it relates to age and sex and/or could
assess LF enhancement in a greater number of subjects.

Conclusions
Although DDD is a major factor in the morbidity associated
with lumbar spinal disease, our investigation supports our pri-
mary hypothesis that adjacent facet degenerative changes
alone, in the absence of DSN, can cause thickening of the LF.
Moreover, postcontrast images of LF thickening and FH sup-
port our secondary hypothesis that inflammatory changes sur-
rounding the degenerative facet joint may be the inciting eti-
ology of this thickening.

References
1. Ehni G. Spondylotic cauda equina radiculopathy. Tex Med 1965;61:746 –52
2. Teng P, Papatheodorou C. Myelographic findings in spondylosis of the lum-

bar spine. Br J Radiol 1963;36:122–28
3. Yamada H, Ohya M, Okada T, et al. Intermittent cauda equina compression

due to narrow spinal canal. J Neurosurg 1972;37:83– 88
4. Grenier N, Kressel HY, Schiebler ML, et al. Normal and degenerative posterior

spinal structures: MR imaging. Radiology 1987;165:517–25
5. Park JB, Chang H, Lee JK. Quantitative analysis of transforming growth fac-

tor-beta 1 in ligamentum flavum of lumbar spinal stenosis and disc hernia-
tion. Spine (Phila Pa 1976) 2001;26:E492–95

6. Sairyo K, Biyani A, Goel V, et al. Pathomechanism of ligamentum flavum
hypertrophy: a multidisciplinary investigation based on clinical, biome-
chanical, histologic, and biologic assessments. Spine 2005;23:2649 –56

7. Okuda T, Baba I, Fujimoto Y, et al. The pathology of ligamentum flavum in
degenerative lumbar disease. Spine 2004;29:1689 –97

8. Sakamaki T, Sairyo K, Sakai T, et al. Measurements of ligamentum flavum
thickening at lumbar spine using MRI. Arch Orthop Traum Surg 2009;129:
1415–19

9. Safak AA, Merih I, Sevinc O, et al. The thickness of the ligamentum flavum in
relation to age and gender. Clin Anat 2009;23:79 – 83

10. Olszewski AD, Yaszemski MJ, White AA III. The anatomy of the human lumbar
ligamentum flavum: new observations and their surgical importance. Spine
1996;21:2307–12

11. Capogna G, Celleno D, Simonetti C, et al. Anatomy of the lumbar epidural
region using magnetic resonance imaging: a study of dimensions and a com-
parison of two postures. Int J Obstet Anesth 1997;6:97–100

12. Viejo-Fuertes D, Liguoro D, Rivel J, et al. Morphologic and histologic study of
the ligamentum flavum in the thoraco-lumbar region. Surg Radiol Anat
1998;20:171–76

13. Igarashi A, Kikuchi S, Konno S, et al. Inflammatory cytokines released from
facet joint tissue in degenerative lumbar spine disorders. Spine 2004;
29:2091–95

14. Igarashi A, Kikuchi S, Konno S. Correlation between inflammatory cytokines
released from the lumbar joint tissue and symptoms in degenerative lumbar
spinal disorders. J Orthop Sci 2007;12:154 – 60

15. Sairyo K, Biyani A, Goel VK, et al. Lumbar ligamentum flavum hypertrophy is
due to accumulation of inflammation-related scar tissue. Spine 2007;32:
E340 – 47

1816 Chokshi � AJNR 31 � Nov-Dec 2010 � www.ajnr.org


