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Pictorial Essay

MR Imaging Findings in Spinal Ligamentous Injury

linical instability of the spine after

C trauma occurs when the spind lig-
aments and bones |ose their ability

to maintain normal alignment between verte-
bral segments while they are under a physio-
logicload. Instability can lead to further injury,
pain, or deformity and can require surgical sta-

Fig. 1.—Normal anatomy in 21-year-old man. Sagittal
T1-weighted MR image (TR/TE, 510/25) obtained on
0.3-T scanner shows normal apical ligament (1) and
anterior atlantoaxial membrane (2).
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bilization. MR imaging has been shown to be
helpful in the detection of ligamentous injury
[1]. The purpose of this study is to familiarize
the reader with the MR imaging gppearance of
these injuries. This article is divided into three
sections. Thefirgt illustrates injuriesto the com-
plex craniocervicad junction. The second re-

Fig.2—Normal anatomy in 43-year-old woman. Sag-
ittal T2-weighted MR image (TR/TE, 4500/117) ob-
tained on 0.3-T MR scanner shows normal apical
ligament (1), anterior occipitoatlantal membrane (2),
anterior atlantoaxial membrane (3), anterior longitu-
dinal ligament (4), tectorial membrane (5), dural re-
flection (6), posterior occipitoatlantal membrane (7),
posterior atlantoaxial membrane (8), nuchal ligament
(9), flaval ligaments (10), area of interspinous liga-
ments (11), and supraspinous ligament (12).

, Lawrence R. Kuhns3, L. Anne Ha\ymanz""'5

views the remainder of the spine, and the third
addresses the technica factors thet optimize the
detection of spinal ligamentousinjury.

The importance of these MR findings is
increasing as clinicians begin to compare
outcomes and treatments for specific types of
ligamentous injury detected on MR imaging

Fig. 3.—Normal anatomy in 38-year-old man. Axial gradient-
echo or fast low-angle shot MR image (TR/TE, 420/18; flip
angle, 30°) obtained on 1.0-T MR scanner shows dens (1), pre-
sumed anterior atlantodental ligaments (2), alar ligaments (3),
transverse ligament (4), and lateral masses of C1 (5).
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Fig. 4—Left alar ligament tear in 19-year-old woman with severe
neck pain after fall on her head while snowboarding. Fixed devia-
tion of dens to right was seen on radiograph (not shown). C1-2 ro-
tatory subluxation was suspected. Axial T2-weighted MR image
(TR/TE, 4000/90) obtained on 1.0-T MR scanner shows isolated tear
of left alar ligament (1) and deviation of dens (2) toward right with
respect to lateral masses of C2 (3). Transverse ligament (4) is in-
tact. Sagittal images (not shown) depict normal alignment of oc-
cipital condyles with C2, thus no rotatory subluxation is present. CT
performed before MR imaging was negative for fracture and fixed
rotatory subluxation. These results allowed confident symptomatic
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Fig. 5.—O0ccipitoatlantal dislocation in 11-year-old boy who was neurologically intact after motor vehi-
cle crash.

A, Sagittal gradient-echo MR image (TR/TE, 510/35; flip angle, 20°) obtained on 0.3-T MR scanner shows
intact (1) and torn (2) portions of anterior occipitoatlantal membrane, anterior arch of C1 (3), intact an-
terior atlantoaxial membrane (4), prevertebral edema or hemorrhage (5), torn tectorial membrane (6),
torn posterior occipitoatlantal membrane (7), torn posterior atlantoaxial membrane (8), intact dural re-
flection (9), and intact nuchal ligament (10). Before MR imaging, full extent of injury and degree of in-
stability were not appreciated either clinically or from results of radiographs or CT scans. Patient
underwent surgical fusion shortly thereafter.

B, Axial gradient-echo MR image (510/35; flip angle, 20°) obtained on 0.3-T MR scanner shows torn right
alar ligament (1), displacement of dens (2) to left with respect to lateral masses of C2 (3), and intact trans-

treatment that led to full recovery.

[2-8]. Asthisinformation grows, so doesthe
power of MR imaging to guide treatment and
to enable prediction of outcome.

Craniocervical Injuries

Many ligaments are seen normaly a the
craniocervical junction (Fig. 1). However, only
three are conddered the mgjor sabilizers. These
are the tectorid membrane (Fig. 2), the trans-
verse ligament, and the dar ligaments (Fig. 3).
The norma tectorid membrane and transverse
ligament are routindly seen on MR imaging,
whereas the norma dar ligaments can be more
difficult to visualize because of lack of contrast
from adjacent tissues (Fig. 3). In most individu-
ds, each dar ligament arises from the laterd
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verse ligament (4).

margin of the dens, then courses laterdly in a
near-verticd plane, attaching to both the ipsilat-
erd occipital condyle and the subjacent superior
margin of the laterd mass of the atlas (C1).
However, in about a third of individuds, these
ligaments insert solely onto the occiput. The
dar ligaments limit axid rotation at the occipi-
toatlantoaxial complex. Blood or edema adja-
cent to an acute aar ligament tear (Figs. 4 and
5) improves visudization of these ligaments.
Secondary evidence of ligamentous injury to
one of the dar ligamentsiis displacement of the
dens to the contralaterd side. |solated posttrau-
matic dar ligament tears have been classfied.
These are dinicdly sgnificant because hyper-
mobility a the atlantoaxia joint can reduce
blood flow in the contraatera vertebra artery.

Hulse [9] describes “cervicd nystagmus as a
manifestation of vertebral artery insufficiency
due to rotatory hypermohility at the occipitoat-
lanto-axid complex.” Figure 6 shows displaced
ligament injuries at the craniocervica junction
associated with atype |1 densfracture.

Cervical,Thoracic, and Lumbar Injuries

Figures 7 and 8 show ligamentousinjury as-
sociated with a burst fracture of the cervical
vertebrae. Figures 9-11 pictureinjuries caused
by cervical hyperextension. Injuries associated
with interfacetal didocations and teardrop
fractures are also shown in Figures 12-14.

The concept of three columns of support
in the thoracic and lumbar spine is well ac-

Fig. 6—Type Il dens fracture in 14-year-old boy who
was unrestrained passenger in motor vehicle crash.

A, Sagittal gradient-echo MR image (TR/TE, 500/9; flip
angle, 15°) obtained on 1.5-T MR scanner shows in-
tact occipitoatlantal membrane (1), anterior disloca-
tion of fractured dens (2), anterior arch of C1(3), partial
tear of anterior atlantoaxial membrane (4), cord contu-
sion (5), intact dura (6), medullary contusion or edema
(7), torn tectorial membrane (8), intact posterior occip-
itoatlantal membrane (9), posterior arch of C1(10), torn
or attenuated posterior atlantoaxial membrane (11),
intact dura (12), and intact flaval ligaments (13).

B, Axial gradient-echo MR image (250/15; flip angle,
15°) obtained on 1.5-T MR scanner shows right lateral
mass of C1 (1), anteriorly dislocated dens (2), body of
C2 at fracture site (3), compressed and contused spi-
nal cord (4), anterior arch of C1 (5), intact alar liga-
ments (6), and intact transverse ligament (7).
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Fig. 7.—Burst fracture of C7 in 30-year-old woman
who was unrestrained driver in motor vehicle crash.
Sagittal fast spin-echo inversion-recovery MR image
(TR/TE, 3000/51; inversion time,140 msec) obtained on
1.5-T MR scanner shows burst fracture of C7 (1), pre-
vertebral edema or hemorrhage (2), flaval (3) and
interspinous ligament tears (4), with associated dis-
traction of dorsal spines and spinal cord contusion (5).
Also note signal hyperintensity caused by bone mar-
row edema in vertebral bodies of C6 and T1.

cepted. The same principles have been ap-
plied to the C3—C7 vertebra levels in the
cervica spine. Stability is provided by intact
osseous and ligamentous structures. The an-
terior column consists of the anterior verte-
bral body, the anterior longitudinal ligament,
and the anterior annulus fibrosus. The middle

MR Imaging of Spinal Injury

Fig. 8—Burst fracture of C4 with retropulsion in 17-year-
old boy after motor vehicle crash. Sagittal gradient-echo
MR image (TR/TE, 650/13; flip angle, 15°) obtained on 1.5-
T MR scanner shows anterior longitudinal ligament tear
(1), hypointense hemorrhagic cord contusion (2), poste-
rior longitudinal ligament tear at C3—4 (3), and flaval liga-
ment tear at C4-5 (4).

column comprises the posterior vertebral
body, the posterior longitudinal ligament,
and the posterior annulus fibrosus. Hyperex-
tension can result in injury to the anterior
column (Fig. 10) or to both the anterior and
middle columns (Figs. 11 and 15). The pos-
terior column consists of the posterior ele-

ments of the spine, ligamentum flavum,
interspinous ligaments, supraspinous liga
ments, and facet joint capsules. Hyperflexion
may result in injury to the middle and poste-
rior columns (Figs. 9 and 16). Injury to any
two adjacent columns will result in instabil-
ity. Disruption of all three osseous or liga
mentous supporting columns is shown in
association with burst fractures in Figures 7
and 8, bilateral interfacetal dislocation is
shown in Figures 12 and 13, and teardrop
fractures of C7 are shown in Figure 14.

Imaging Considerations

Successful MR imaging of spind trauma de-
pends on severd factors. One of theseisthetim-
ing of the study. Although no reseerch hasyet, to
our knowledge, defined the optimal timeinterval
between injury and MR imaging, it should prob-
ably belessthan 72 hr [8]. Beyond thistime, re-
sorption of the edema or hemorrhage reduces
sengtivity of MR imaging to reved injuries.
Specificdly, the T2 dgnd hyperintensity pro-
duced by edema or extravasation of blood into
injured extradurd tissues provides an excellent
contrast medium, improving the conspicuity of
the ligaments that are usudly of low sgnd in-
tendity on all imaging sequences.

The use of appropriate sequence parame-
tersfor MR imaging is a so important. These
parameters vary widely according to the field

Fig. 9.—35-year old woman involved in head-on motor vehicle collision who presented with severe neck pain, right arm pain, and numbness. Radiographs and CT scans (not
shown) showed negative findings. Four pulse sequences from a 1.0-T MR scanner at midsagittal level are provided to allow reader to compare and contrast abnormalities.
Findings include disk extrusion and inferior stripping of posterior longitudinal ligament at C5-6 (1); disk extrusion and tear of posterior longitudinal ligament and annulus
fibrosus at C6-7 (2); flaval ligament tear at C6—7 (3); splaying of dorsal spines and interspinous ligament tear at C6-7 (4); fracture of C6 spinous process (5); and mild superior
endplate impaction fractures of T1, T2, and T3 vertebral bodies (6). Solely on basis of results of MR images, the following day patient was started in traction and taken to surgery
where anterior diskectomy and fusion at C5-6 and C6-7 were performed. Patient experienced immediate marked improvement in symptoms after surgery.

A, Fast spin-echo inversion-recovery sagittal MR image (TR/TE, 4000/60; inversion time, 140 msec) best shows bone marrow edema caused by fracture or trabecular con-
tusion, spinal cord injury, and soft-tissue edema.

B, T1-weighted MR image (500/15) is helpful in showing anatomic detail and alignment and in detecting fracture.

C, T2-weighted fast spin-echo MR images (3500/90), like this one, are often best for showing ligaments, blood in spinal cord, bone marrow edema, and soft-tissue edema.
D, Gradient-echo MR images (500/18; flip angle, 30°), like this one, are often best for showing ligaments and blood in spinal cord.
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strength, coil design, gradient strength, and
software capabilities of the MR imaging sys-
tem used. Thus, each system requires an indi-
vidualized approach, fine-tuned by trial and
error. In generd, field of view, dice thickness,
meatrix, and signal averages must be chosen to
balance the effects on signal-to-noise ratio,
spatial resolution, and imaging times. For ex-

Fig. 12—Bilateral interfacetal dislocation at C4-5 in 62-
year-old man involved in motor vehicle crash. Sagittal
gradient-echo MR image (TR/TE, 510/35; flip angle, 20°)
obtained on 0.3-T MR scanner shows prevertebral edema
or hemorrhage (1), posterior longitudinal ligament tear (2),
anterior longitudinal ligament tear (3), large traumatic
posterior disk extrusion (4), cord contusion and compres-
sion (5), posterior paravertebral edema or hemorrhage,

and probable interspinous ligament injury (6).
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ample, longer imaging times may improve
scan quality but provide more opportunity for
patient motion. A typica MR imaging proto-
col for spind trauma should include the fol-
lowing sequences in the sagittal plane:
T1-weighted, fast spin-echo T2-weighted,
gradient-echo, and fast spin-echo inverson-re-
covery images. In the axial plane, protocol

Fig. 13.—Bilateral interfacetal dislocation in 42-year-
old woman involved in motor vehicle crash. Sagittal
T2-weighted MR image (TR/TE, 4500/117) obtained on
0.3-T MR scanner shows tear of dura and posterior at-
lantoaxial membrane (1), partial tear of nuchal liga-
ment (2), distraction of C5-6 spinous process and torn
interspinous ligaments (3), torn flaval ligaments (4),
torn posterior longitudinal ligament (5), and torn ante-
rior longitudinal ligament (6).

should include gradient-echo or T2-weighted
images. Optional coronal T1-weighted or
gradient-echo sequences can aid in evaluation
of the cranioatlantoaxial segment, especially
with regard to alignment and dens fracture.
Figure 9 compares the relative merits of the
four sagittal sequences described previoudly.
T1-weighted images provide the best ana-

Fig. 10.—Hyperextension injury in 71-year-old man
who fell from bicycle and presented with central cord
syndrome. Sagittal T2-weighted MR image (TR/TE,
4500/117) obtained on 0.3-T MR scanner shows flaval
ligament hypertrophy (1), C5-6 posterior disk protru-
sion (2), anterior longitudinal ligament tear, and partial
disruption of C5-6 intervertebral disk (3).

Fig. 11.—6-year-old boy with cervical spine hyperex-
tension injury during motor vehicle crash. Sagittal fast
spin-echo inversion-recovery MR image (TR/TE, 3000/
51; inversion time, 140 msec) obtained on 1.5-T MR
scanner shows horizontal fracture through inferior
endplate of C6 (1), posterior longitudinal ligament tear
(2), cord contusion (3), anterior longitudinal ligament
tear (4), prevertebral hemorrhage or edema (5), and
extradural hemorrhage (6). MR imaging findings
guided therapy resulting in anterior surgical fusion.

Fig. 14—Teardrop fracture of C7 in 27-year-old
man involved in motor vehicle crash. Sagittal gradi-
ent-echo MR image (TR/TE, 510/35; flip angle, 20°)
obtained on 0.3-T MR scanner shows extensive
posterior paravertebral edema or hemorrhage and
probable tearing of interspinous ligaments (1), par-
tial tear of nuchal ligament (2), flaval ligament tear
(3), partial tear of posterior longitudinal ligament
(4), anterior superior corner fracture of C7 vertebral
body (5), stripping of anterior longitudinal ligament
from anterior surface of C7 vertebral body (6), and
prevertebral edema or hemorrhage (7).
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Fig. 15.—Ligament stripping in 450-lb (202.5-kg) 35-
year-old man ejected from motor vehicle. Lateral ra-
diographs (not shown) were nondiagnostic. Sagittal
gradient-echo MR image (TR/TE, 510/35; flip angle,
20°) obtained on 0.3-T MR scanner shows anterior ticular processes (similar fracture was also present on right) (2), and distracted fracture, near horizontal in

Fig. 16.—11-year-old boy who suffered flexion—distraction injury from lap belt during motor vehicle crash with frac-
tures at L4 level.

A, Sagittal gradient-echo MR image (TR/TE, 500/13; flip angle, 15°) obtained on 1.5-T MR scanner shows large pre-
sumed cerebrospinal fluid leak into posterior subcutaneous tissues (1), distracted fracture fragments of left L4 ar-

orientation, involving posterosuperior portion of L4 vertebral body (3).
B, Sagittal gradient-echo MR image (500/13; flip angle, 15°) obtained on 1.5-T MR scanner of midline shows distrac-
tion of spinous process of L3 and L4 (1), supraspinous ligament tear (2), and flaval ligament tear (3).

longitudinal ligament stripped completely away
from anterior surface of midthoracic spine vertebral
body (1). Similarly, posterior longitudinal ligament is
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stripped away from posterior vertebral body surface
at level of fracture-subluxation (2). Adjacent inter-
vertebral disk is disrupted (3) and thoracic spinal
cord is compressed (4).

tomic detail, accurately depict alignment, and
are invaluable for detection of fracture. Liga-
ments are usually best seen on gradient-echo
and T2-weighted sequences. At high field
strength, the heterogeneity effect produced by
gradient-echo imaging techniques results in
grester sengtivity for detection of blood
products within the spinal cord but also re-
duces signal intensity within bone and makes
fracture detection more difficult. At low field
strength, the gradient-echo heterogeneity ef-
fect is weaker so that blood products are less
easly detected but fracture detection is some-
what improved. T2-weighted and fast spin-
echo inversion-recovery sequences are most
sengitive for bone marrow edema (caused by
fracture or trabecular contusion), spinal cord
injury, and soft-tissue edema. Cerebrospinal
fluid pulsatility artifacts and truncation arti-
facts can sometimesinterfere with spinal cord
evaluation on T2-weighted and fast spin-echo
inversion-recovery sequences.
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Conclusion

MR imaging of the posttraumatic spineisa
rapidly evolving technique with the potential
to revolutionize the evaluation and trestment
of ligamentous injuries. In our clinical experi-
ence, it has been an invaluable adjunctive tech-
nique, particularly in patients with relevant
neurologic deficits and those requiring closed
reduction of a posttraumatic spina sublux-
ation. It has dso been helpful in evaluating spi-
nal trauma complicated by atered sensorium,
extreme obesity, or even malingering.
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