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Abstract BACKGROUND CONTEXT: Bulging of ligamentum flavum can happen with the aging process
and can lead to compression of the spinal cord and nerves. However, the distribution and the risk
factors associated with a missed ligamentum flavum bulge (LFB) are unknown.
PURPOSE: The aim was to evaluate the distribution and risk factors associated with missed LFB
in the cervical spine.
STUDY DESIGN: This was a retrospective analysis of kinematic magnetic resonance images
(kMRI).
PATIENT SAMPLE: Patients diagnosed with symptomatic neck pain or radiculopathy between
March 2011 and October 2012 were included.
OUTCOME MEASURES: The outcome measures were missed LFB and degenerative factors.
METHODS: A total of 200 patients (1,000 cervical segments) underwent upright kMRI in neutral,
flexion, and extension postures. The LFB, sagittal cervical angles, disc herniation, disc degenera-
tion, disc height, angular motion, translational motion, age, and gender were recorded. After ex-
cluding segments with LFB in neutral and flexion position, Pearson and Spearman correlation
coefficients were used to evaluate the relation between the risk factors and missed LFB in the ex-
tension position.
RESULTS: The average depth of LFB was 0.2460.71 mm at C2–C3, 1.0261.42 mm at C3–C4,
1.6561.48 mm at C4–C5, 2.1361.37 mm at C5–C6, and 1.0561.54 mm at C6–C7. The distribu-
tion of LFB was the most frequent at C5–C6 level (76.58%) followed by C4–C5 (63.06%). Disc
herniation, disc degeneration, angular variation, and translational motion were significantly corre-
lated with missed LFB at C4–C5 andC5–C6. Disc degeneration was the only factor significantly
correlated with missed LFB at all cervical segments.
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CONCLUSIONS: Occurrence and depth of missed LFB was the highest at C4–C5 and C5–C6
compared with other cervical levels. Disc degeneration, disc herniation, angular variation, and
translational motion could play a role in the development of LFB at C4–C5 andC5–C6. � 2015
Elsevier Inc. All rights reserved.
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Introduction

Cervical spinal stenosis is caused by anterior and
posterior element compression and leads to direct dam-
age or secondary ischemic changes of spinal cord and
nerve roots [1–3]. The ligamentum flavum (LF) plays
an important role among posterior compression factors
by bulging into the canal and causing spinal stenosis
[4,5]. Chen et al. [6] reported that ligamentum flavum
bulge (LFB) can contribute significantly to the canal en-
croachment in the extension position. In a study done
by Breig et al. [7], the cervical canal was narrowed
in the overstretched position, which was mainly due to
the dynamic changes within the LF and the interverte-
bral disc.

Magnetic resonance imaging (MRI) is the most sensitive
noninvasive diagnostic method for detecting pathologic
changes of soft tissue, including LF. However, it can only
obtain nonweight bearing, static images. The LFB occurs
most frequently during the cervical spine extension and
can be missed in the neutral posture with the conventional
MRI. A possible solution to this limitation is the utilization
of kinematic magnetic resonance imaging (kMRI), which
allows imaging of patients in flexion-extension and neutral
positions. Several previous studies have used MRI to meas-
ure the thickness and dynamic changes of the LF in the
spine [8–10]. However, to our knowledge, there is no study
that evaluated the distribution and depth of LFB, as well as
the predisposing risk factors associated with LFB in the
cervical spine.

The purpose of our study was to assess the frequency of
missed LFB and the correlation between disc degeneration,
radiographic factors, and the development of LFB in the
cervical spine using kMRI.

Materials and methods

Patients

Two hundred (88 males and 112 females) patients diag-
nosed with neck pain or radiculopathy between March 2011
and October 2012 were included in our study. The mean
age was 49.36610.4 (range 19–68) years. The inclusion
criteria were defined as patients who had neck pain with
or without neurologic symptoms (radiculopathy or myelop-
athy). The exclusion criteria were trauma, rheumatoid ar-
thritis, spinal tumors, and history of cervical spine

surgery. The study was approved by the institutional review
board.

Magnetic resonance imaging positioning and protocol

All patients underwent cervical kMRI scanning in up-
right weight-bearing neutral, flexion and extension posi-
tions (0.6-T MRI scanner; Fonar Corp., New York, NY,
USA). Initially, each patient was seated on a bench between
the two poles of the MRI magnet in a neutral position (0�),
head facing straight ahead. Next, the patients were posi-
tioned with their chin angled toward their chest (40� flexion
position) and lastly with their chins angled toward the ceil-
ing (�20� extension position). For each position, a flexible
cervical coil was placed around the participant’s neck, and
a padded support bar and headrest were used.

Magnetic resonance imaging measurement

All measurements were made using the midsagittal sli-
ces of kMRI. The missed LFB was only present in the ex-
tension position. The depth of the LFB was measured by
the perpendicular distance between the two parallel lines.
One line connected the two adjacent laminae representing
the posterior border of the LF. The second line was drawn
from the highest point of the LF protrusion, parallel to the
first line, representing the anterior border of the LF. The
distance between those two lines represented the depth of
the LFB (Fig. 1).

Disc degeneration was graded using a previously re-
ported system [11]. Miyazaki et al. [11] developed a com-
prehensive grading system that included nucleus signal
intensity, structure, disc height, and distinction of nucleus
and annulus. Disc herniation was measured from the line
connecting the posterior cranial and caudal edges of two
adjacent vertebral bodies to the point of greatest disc pro-
trusion in the neutral position. The translational motion
was measured from C2–C3 to C6–C7 by determining the
anterior-posterior motion of one vertebra relative to the
other in flexion and extension positions. The intervertebral
angular motion was measured on the same five levels and
was defined as the difference of the angular movement be-
tween two vertebrae from flexion to extension. The posteri-
or disc height was measured between the posterior-superior
and posterior-inferior points of adjacent vertebral bodies,
excluding osteophytes. The sagittal cervical angle was
measured by two line intersecting angle in the neutral
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