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imaging.

Lumbosacral nerve root avulsions are exceptionally rare in
contrast to cervical nerve root avulsions, which are rela-
tively common and are well-known sequelae of traction injury
to the brachial plexus. Finney and Wulfman' first reported a
case of a left L4 lumbar nerve root avulsion in 1960. We were
able to identify 61 cases in the English-language literature,
most of which were associated with pelvic or lumbar fractures.
Most had pseudomeningoceles that were identified with con-
ventional myelography or, more recently, by CT and MR my-
elography.>’ Traumatic nerve root avulsions occur when trac-
tion forces pull root sleeves into the intervertebral foramina.
Initially, there is tearing of the meninges, and if the forces are
great enough, nerve root avulsions occur.* The proximal nerve
root stumps retract and CSF fills the neural foramina. The
eventual result is pseudomeningocele formation, which is a
pathognomonic sign of a nerve root avulsion injury.>

Case Reports

A 16-year-old boy was found unconscious 100 feet from his all-terrain
vehicle following a collision with an automobile. On admission to our
emergency department, physical examination of the right lower ex-
tremity demonstrated a gross deformity of the thigh with significant
swelling. Complete neurologic assessment was unobtainable preop-
eratively because of his altered mental status. Specifically, dorsiflexion
of the right toes was not clearly documented. Radiographs showed a
transverse fracture of the right femoral shaft without pelvic or spinal
fractures. A closed intramedullary nailing of the right femur was per-
formed the night of admission without difficulty. Postoperative phys-
ical examination revealed an absence of dorsal and plantar flexion of
the right ankle and toes. He had full quadriceps function but weakness
of the right hamstrings. There was no sensation below the knee. These
findings were suggestive of right-sided nerve injury involving compo-
nents of L4, L5, and S1.

Three MR imaging studies were performed during a 5-week pe-
riod. Initial studies of the pelvis and lumbar spine were performed 2
days after the injury to exclude iatrogenic complications related to the
femoral nailing, such as an expanding hematoma or an entrapment of
the sciatic nerve between bone ends, and also to exclude any lumbar
spine injury. These studies showed increased signal intensity sur-
rounding the gluteus, the iliopsoas, piriformis, quadriceps femoris,
adductor, and hamstring muscles on fat-saturated T2-weighted im-
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Lumbosacral Nerve Root Avulsions: MR Imaging
Demonstration of Acute Abnormalities

SUMMARY: Most of the previously reported lumbosacral nerve root avulsions presented with pseudo-
meningoceles at the time of delayed initial imaging. We report a case of traumatic lumbosacral nerve
root injury associated with an isolated femur fracture and demonstrate the evolution of pseudomen-
ingoceles following nerve root avulsions and edema in the perineural fat identified on the initial MR

ages, suggestive of hemorrhage and edema (Fig 1A, -B). There was no
evidence of right sciatic nerve entrapment. MR imaging of the lumber
spine demonstrated no evidence of spinal injury or epidural hema-
toma. The right L4 nerve root was not clearly visualized in the neural
foramen, and there was thinning of the L5 and S1 nerve roots (Fig 1C).
Also a subtle loss of normal fat signal intensity was noted around the
right L4 and L5 nerve roots on T1-weighted images (Fig 1D), which
corresponded to slightly higher signal intensity on T2- weighted im-
ages (Fig 1E). These abnormalities were not documented at that time.
No pseudomeningoceles were seen.

Several weeks after surgery, the patient had weakness of the glu-
teus medius and maximus muscles during rehabilitation, indicating a
neurologic injury proximal to the level of the sciatic nerve. One
month after the injury, MR imaging of the brain, complete spine, and
pelvis was performed, followed by an MR imaging of the lumbosacral
plexus 1 week later. Since the first MR imaging, there was interval
development of pseudomeningoceles at L2 through L5 nerve root
sleeves on the right (Figs 2 and 3A—C). The right L4, L5, and S1 nerve
roots were not visualized in the neural foramina; this absence indi-
cated nerve root avulsions at these levels (Fig 2A). Also enlargements
of the right sciatic nerve and lumbosacral plexus with increased signal
intensity were seen on fat-saturated T2-weighted images (Fig 3D),
and diffuse enhancement was demonstrated after the administration
of gadolinium (Fig 3E). The brain, spinal cord, and left lumbosacral
nerve roots were all normal. No surgical treatment was attempted for
the root avulsion. The patient had nonfunctioning gluteus medius,
gluteus maximus, and tibialis anterior muscles on the right at 8
months after the injury. He could walk unassisted with an ankle-foot
orthosis and had no pain in the limb.

Discussion
Most previously reported lumbosacral nerve root avulsions were
associated with high-energy trauma and lumbosacral or pelvic
fractures. A review of the current literature did not identify any
report of lumbosacral root avulsions associated with an isolated
femur fracture.”> In this case, it is likely that traction on the sciatic
nerve combined with abnormal torso position at the time of in-
jury resulted in avulsion of the L4, L5, and S1 roots.
Historically, myelography with or without subsequent CT
scanning has been used to diagnose lumbar nerve root avul-
sions and document pseudomeningocele formation. More re-
cently, MR imaging has become the standard initial technique
because this noninvasive study requires no intrathecal con-
trast and the entire neural axis can be evaluated on a single
study when indicated.> MR imaging is a better technique for
patients sustaining significant trauma because they are able to
remain in the supine position during the examination.



Fig 1. Images were obtained 2 days after the accident.

Aand B, Axial fat saturated T2-weighted images (TR/TE, 5190/66) of the pelvis (A) and upper thigh (B) show increased signal intensity surrounding the gluteus and iliopsoas (A, arrowheads),

quadriceps femoris, and adductor muscles (B, arrowheads).

C, Right parasagittal T2-weighted image (TR/TE, 4000/127). The right L4 nerve root is not clearly visualized within the neural foramen (arrow). Note thinning of the right L5 and S1 nerve

roots in the neural foramina (arrowheads).

D, Axial T1-weighted image (TR/TE, 449/8.9) at the level of L4-5 shows decreased signal intensity of the normal epidural fat surrounding the right-sided L4 nerve root sleeve (arrow).
E, Axial T2-weighted image (TR/TE, 5430/110) at the level of L4-5 shows increased signal intensity around the right-sided nerve root sleeve (arrow).

Fig 2. Images were obtained 1 month after the accident.

A, Right parasagittal T2-weighted image (TR/TE, 4000/180). The right L4, L5, and S1 nerve
roots are not visualized within the neural foramen (arrows).

B, Axial T2-weighted image (TR/TE , 5430/110) at the level of L4-5 shows interval
development of pseudomeningoceles on the right L4 (arrow) and L5 (arrowhead).

Most patients with traumatic lumbosacral nerve root avul-
sions present with pseudomeningoceles at the time of initial im-
aging.'” Pseudomeningocele formation occurs when the nerve
root sleeve is stretched and torn. CSF then leaks into the adjacent
tissue, and within several days, cellular proliferation may close the
tear, leaving a pouch-like extension.* Pseudomeningoceles are
kept patent by transmitted CSF pulsations and result in gradual
enlargement.>® In patients with a history of trauma, the associa-
tion of pseudomeningocele and the absence of visible corre-
sponding nerve roots are pathognomonic of a nerve root avulsion
injury.> A pseudomeningocele is usually associated with a nerve
root avulsion, but a nerve root avulsion can occur without for-

mation of a pseudomeningocele. Also pseudomeningoceles do
not always imply nerve root avulsions. The arachnoid may be
torn with varying degrees of a nerve root injury, from a mild
stretching to a complete tear.*” In our patient, there was a right S1
nerve root avulsion without the formation of a pseudomeningo-
cele at the SI nerve root sleeve, but there was a formation of
pseudomeningoceles at the right L2 and L3 nerve root sleeves,
with grossly preserved right L2 and L3 nerve roots (Figs 1C, 24,
3B, -C). To our knowledge, this is the first report that demon-
strates the evolution of pseudomeningoceles corresponding to
nerve root avulsions and edema in the perineural fat identified on
the initial MR imaging (Fig 1D, -E).

Another interesting feature of this case is the enlargement,
increased T2 signal intensity (Fig 3D), and gadolinium en-
hancement (Fig 3E) of the sciatic nerve and lumbosacral
plexus elements associated with this type of injury. We are not
aware of any MR imaging findings of a traumatic peripheral
nerve injury in association with lumbar nerve root avulsions,
though there are several reports demonstrating the MR imag-
ing findings of peripheral nerve injuries. Experimental models
and case reports of injured or compressed peripheral nerves
have shown enlargements and increased signal intensities on
T2-weighted images as seen in this case. Possible causes for
these findings include the interruption of the normal axoplas-
mic flow within the peripheral nerve, resulting in an increase
of water content in the injured nerve and perineural edema
due to local venous obstruction.®’

Potter et al' reported MR imaging of sciatic nerve injuries in
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Fig 3. Images were obtained 5 weeks after the accident.

A, Axial fat-saturated T2-weighted image (TR/TE, 5430/110) at the level of L4—5 shows pseudomeningoceles clearly on the right L4 (arrow) and L5 (arrowhead) nerve root sleeves, which
contain no nerve root.

Band C, Coronal short-inversion-time inversion recovery images (TR/TE/TI, 6000/44/150) show the enlarged nerve root sleeves at the L2 (B, arrow) through L5 levels (C, arrows). Note

increased signal intensity of the right sciatic nerve (C, arrowheads).

D, Axial fat-saturated T2-weighted image (TR/TE, 5117/55) shows an enlargement and increased signal intensity of the right sciatic nerve (arrow).

E, Intravenous gadolinium-enhanced axial fat-saturated T1-weighted image (TR/TE, 616.7/14) shows diffuse enhancement of the right sciatic nerve (arrow).

acute acetabular fractures. MR images of the sciatic nerve ob-
tained after injection of gadolinium demonstrated intraneural or
perineural enhancement in all patients with either changes in
baseline somatosensory-evoked potentials or preoperative neu-
rologic deficit; however, the preoperative enhancement pattern
alone could not be used to predict a neurologic deficit. Potter et al
concluded that MR imaging could be used to detect subclinical
injury of the sciatic nerve. Nguyen et al'' reported that gadolin-
ium enhancement in spinal nerve roots occurred with chronic
compression in experimental animal models. They documented
histologic evidence of nerve root degeneration, vascular engorge-
ment, and disruption of the capillary endothelium basement
membrane, and these changes may increase vascular permeabil-
ity of gadolinium. The gadolinium enhancement and increased
T2 signal intensity of the sciatic nerve and lumbosacral plexus
elements seen in this case were considered to be MR imaging
features of a peripheral nerve injury.

Most nerve root avulsions have been diagnosed only after
pseudomeningocele formation, and MR imaging is rarely per-
formed immediately after injury, very likely because of multi-
ple factors, including difficulty in obtaining an accurate neu-
rologic assessment in patients with multiple fractures, the
presence of head injuries, and the relative rarity of this injury.
Another factor that leads to a delay in diagnosis is the difficulty
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in detecting nerve root avulsion on routine MR imaging when
there are no associated pseudomeningoceles.

References

1. Finney LA, Wulfman WA. Traumatic intradural lumbar nerve root avulsion
with associated traction injury to the common peroneal nerve. AJR Am |
Roentgenol 1960;84:952-57

2. Maillard JC, Zouaoui A, Bencherif B, et al. Imaging in the exploration of lum-
bosacral plexus avulsion. ] Neuroradiol 1992;19:38 —48

3. HansFJ, Reinges MH, Krings T. Lumbar nerve root avulsion following trauma:
balanced fast field-echo MRI. Neuroradiology 2004;46:144 —47

4. RankineJJ. Adult traumatic brachial plexus injury. Clin Radiol 2004;59:767-74

5. Sachdev VP, Huang YP, Shah CP, et al. Posttraumatic pseudomeningomyelo-
cele (enlarging fracture?) in a vertebral body. ] Neurosurg 1981;54:545—49

6. Polyzoidis K, Petropoulou C, Argyropoulou P, et al. Lumbar nerve root avul-
sions with secondary ipsilateral hip dysplasia in a child. Neuroradiology 2002;
44:780-82

7. Shaw BA, Holman M. Traumatic lumbosacral nerve root avulsions in a pedi-
atric patient. Orthopedics 2003;26:89-90

8. Filler AG, Kliot M, Howe FA, et al. Application of magnetic resonance neurog-
raphy in the evaluation of patients with peripheral nerve pathology. ] Neuro-
surg 1996;85:299-309

9. Cudlip SA, Howe FA, Griffiths JR, et al. Magnetic resonance neurography of
peripheral nerve following experimental crush injury, and correlation with
functional deficit. ] Neurosurg 2002;96:755-59

10. Potter HG, Montgomery KD, Heise CW, et al. MR imaging of acetabular
fractures: value in detecting femoral head injury, intraarticular fragments,
and sciatic nerve injury. AJR Am ] Roentgenol 1993;163:881-86

11. Nguyen C, Haughton VM, Ho KC, et al. Contrast enhancement in spinal nerve
roots: an experimental study. AJNR Am ] Neuroradiol 1995;16:265—68



