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Role of electromyography and ultrasonography in the diagnosis of double crush
lumbar radiculopathy and common fibular injury: illustrative cases
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BACKGROUND Double crush syndrome consists of two compression sites along a peripheral nerve and is rare in the lower extremities.
Electrodiagnostic and ultrasound (US) studies may be helpful in evaluating foot drop involving overlapping pathologies.

OBSERVATIONS Case 1 involved a man who presented with left dorsiflexor weakness and left foot numbness. Electromyography (EMG) revealed a
left common fibular nerve entrapment neuropathy and left L5 radiculopathy. US and magnetic resonance imaging (MRI) revealed a large cystic lesion
of the left common fibular nerve treated by cyst removal. The left foot drop persisted postoperatively. Lumbar computed tomography myelography
revealed severe left foraminal stenosis at L5-S1. Multilevel lumbar laminectomies and facetectomies with an L5-S1 fusion were performed. Within

1 month postoperatively, the left foot drop had improved. Case 2 involved a man who developed a right foot drop caused by right lumbar foraminal
stenosis at L4-5 and L5-S1. EMG and US of the right common fibular neuropathy showed large fascicles involving the right common fibular nerve.
MRI revealed a hyperintense signal of the right common fibular nerve. Spontaneous improvement occurred within 6 months without surgery.

LESSONS Spine surgeons should recognize double crush in the lower extremities. EMG and US are valuable in detecting peripheral nerve

abnormalities, especially in cases with overlapping lumbar pathology.

https://thejns.org/doi/abs/10.3171/CASE21566
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Double crush syndrome refers to two compression sites along a
peripheral nerve." Initially described by Upton and McComas in 1973,
double crush syndrome is thought to be due to asymptomatic com-
pression at one site that predisposes a peripheral nerve to increased
susceptibility to impairment at another anatomical location."? This con-
dition results in impaired axoplasmic flow along the nerve that causes
axons at a different site to be more vulnerable to compression syn-
dromes. Double crush syndrome may be considered when a patient's
condition fails to improve after decompression at one site due to con-
tinued compression at another site along a peripheral nerve. Most
commonly described in the setting of concurrent cervical radiculopathy
and carpal tunnel syndrome,"*® double crush syndrome may also

develop in association with underlying systemic diseases such
as diabetes mellitus, drug-induced neuropathy, vascular and thyroid
diseases, excessive use of alcohol, rheumatoid arthritis, chemothera-
peutic agents, and obesity."> Double crush syndrome involving lum-
bar radiculopathy and the fibular nerve has rarely been reported.®"°
Both of these conditions may cause weakness in the form of foot drop.

Four mechanisms have been postulated to contribute to the underly-
ing development of double crush syndrome: (1) loss of axonal transport,
(2) focal immune response inflammation of the dorsal root ganglia, (3)
ion channel dysregulation, and (4) neuroma in continuity.” Nutrient flow
is impaired in both the antegrade and retrograde directions along the
axon." The same pathophysiology may be applied to any nerve.

ABBREVIATIONS BMI = body mass index; CT = computed tomography; EDB = extensor digitorum brevis; EMG = electromyography; MRI = magnetic resonance imaging;
NCV = nerve conduction velocity; PL = peroneus longus; TA = tibialis anterior; TFL = tensor fascia lata; TP = tibialis posterior; US = ultrasound.
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We present two cases of double crush lumbar radiculopathy and
common fibular nerve entrapment. The importance of electromyogra-
phy and nerve conduction velocity (EMG/NCV) and ultrasound (US)
studies in confirming this condition is discussed. The radiological find-
ings, treatment, and prognosis are also highlighted.

lllustrative Cases

Case 1
History and Radiological Imaging

A 52-year-old man (body mass index [BMI] 32.77 kg/m?) was
involved in a motor vehicle accident 4 months after lumbar spine
surgery that precipitated a recurrence of his low back pain, left leg
numbness along the L5 and S1 distribution, and left foot drop. Lumbar
magnetic resonance imaging (MRI) without gadolinium contrast showed
moderate stenosis with severe facet hypertrophy at L3—4, moderate
stenosis at L4-5, and a severe collapsed degenerated disc, modic
changes, and severe facet hypertrophy and foraminal stenosis at
L5-S1 on the left with L5 nerve root compression. Lumbar computed
tomography (CT) myelography confirmed the presence of severe left
foraminal stenosis at L5-S1 (Fig. 1A-C).

Physical Examination

The dorsiflexors and evertors of the left ankle were weak (0/5
strength), and there was mild weakness (4/5) of the invertor of the
left ankle. Decreased pinprick sensation was noted over the dorsum
of the left foot and the lateral aspect of the left leg, suggesting lumbar
radiculopathy. Palpation of the common fibular nerve at the left fibular
neck revealed a mass with an inconsistent Tinel sign.

EMGI/NCV of the Legs and US of the Left Common Fibular Nerve
Stimulation of the left common fibular nerve did not evoke com-
pound muscle action potentials over the extensor digitorum brevis
(EDB), the tibialis anterior (TA), or the peroneus longus (PL). No sen-
sory potentials could be recorded over the superficial fibular nerve on
the left. Needle EMG revealed denervation of the left TA and PL.
There were increased polyphasic units of the tibialis posterior (TP)
and tensor fascia lata (TFL). US showed a large cystic lesion in the
vicinity of the left common fibular nerve (Supplementary Fig. 1).

These findings indicated the presence of severe left common
fibular nerve neuropathy causing total denervation of the muscle
innervated by the superficial and deep fibular branches. The increase
in polyphasic units without fibrillations in the left TP and TFL indicated
L5 radiculopathy.

Left Knee MRI and Common Fibular Nerve Surgery

A left knee MRI scan without gadolinium contrast revealed a
multilocular intraneural ganglion cyst measuring 7.0 x 4.0 x 15 cm
in close contact with and surrounding the common fibular nerve above,
at, and below the left fibular head (Fig. 2A-F). The ganglion cysts
arose from the anterior aspect of the proximal tibiofibular joint. Proximal
to these cysts, the common fibular nerve was abnormally enlarged and
hyperintense, compatible with neuropathy/neuritis. There was muscle
atrophy and an abnormal T2 hyperintensity within the muscles of the
anterior compartment of the left lower leg, compatible with denervation.
The patient underwent dissection of the left common fibular nerve with
drainage of multiple large intraneural ganglion cysts (Fig. 3A and B).

Follow-Up

The patient experienced minimal improvement of the left foot
drop. Ten weeks after the common fibular nerve surgery, left foot dor-
siflexion strength was grade 1/5, and left extensor hallucis longus
strength was grade 0/5. Because the left foot drop persisted, the
patient underwent bilateral L3-S1 laminectomies and left L4-5 and
L5-S1 medial facetectomies and foraminotomies as well as L5-S1
fusion. Within 1 month after the lumbar spine surgery, both his left
foot drop and gait showed significant improvement.

Case 2
History and Radiological Imaging

A 62-year-old man (BMI 23.39 kg/m?) reported a 3-month history
of right foot drop. He denied numbness or pain distal to the right
knee, although he had a 20-year history of low back pain. The
patient was treated with an ankle and foot orthosis brace and physi-
cal therapy, which led to gradual improvement of his strength. The
patient also underwent a suboccipital craniotomy for resection of a
left intraparenchymal cerebellar tumor (metastatic pulmonary adeno-
carcinoma) 4 months before the onset of the right foot drop. The
patient completed immunotherapy and total brain radiation therapy.

FIG. 1. A: Sagittal lumbar CT myelogram revealing severe left foraminal stenosis (arrow) compressing the L5
nerve root. B: Midsagittal view showing severe central spinal stenosis (arrow) at L4-5. C: Axial view revealed

severe left foraminal stenosis (arrow).
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FIG. 2. A-C: Sagittal views of the left knee showing the common fibular nerve proximal to the cyst (A, arrow),
the cyst (B, arrow), and the common fibular nerve distal to the cyst (C, arrow). D-F: Distal views of the left
knee showing the common fibular nerve proximal to the cyst (D, arrow), the cyst (E, arrow), and the common
fibular nerve distal to the cyst (F, arrow). (C) and (F) show that there are multiple additional cysts arising from
the tibiofibular joint compressing the common fibular nerve.

A lumbar MRI scan with and without gadolinium contrast revealed
moderate to severe lumbar spondylosis and severe foraminal stenosis at
L4-5 and L5-S1 (right greater than left at both levels) (Fig. 4A and B).

Physical Examination
Marked weakness (0/5) and atrophy of the right TA and PL were
noted.

EMG/NCV of the Legs and Right Knee MRI

Stimulation of the right common fibular nerve evoked a small-
amplitude response over the EDB. The conduction velocity was
slow across the right knee (Supplementary Fig. 2). Sensory poten-
tials could be recorded over the right superficial fibula, with a
lower amplitude on the right than on the left. Denervation changes
in the right TA and PL were observed, with a single polyphasic

FIG. 3. A: Intraoperative cyst (arrows) corresponding to the large cyst
seen on the MR of the left knee. B: Opening and draining of the cyst
demonstrate the two colloid-like cysts (arrows) that have been
expressed from the lesion seen in (A).

motor unit in the TA and one to two motor units in the PL. The TP
and TFL showed increased polyphasic units. US showed large nerve
fascicles in the right common fibular nerve. The EMG/NCV and US
studies confirmed severe right common fibular nerve neuropathy at the
fibular neck. The right TP and TFL abnormalities suggested L5
radiculopathy.

MRI of the right knee with and without gadolinium contrast
showed a hyperintense nonspecific signal within the right com-
mon fibular nerve at the fibular neck. Fatty atrophy and denerva-
tion edema involving the anterior compartment muscles of the
right lower leg were observed, suggestive of right fibular neurop-
athy. There was no intrinsic mass or enhancement and no extrin-
sic compressing mass lesion, ganglion cyst, or fluid collection of
the right common fibular nerve.

FIG. 4. A: Lumbar MRI (sagittal view) that revealed severe right forami-
nal stenosis (arrow) compressing the L5 nerve root. B: Axial view
showing severe right foraminal stenosis (arrow).
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Follow-Up

The patient experienced significant and spontaneous improvement
of the right ankle dorsiflexion function within 6 months of onset; thus, a
fibular nerve decompression or transfer surgery was not performed.
Because the patient had undergone extensive treatment for his meta-
static pulmonary adenocarcinoma and his right foot drop had resolved,
lumbar intervention was not performed.

Discussion

Different scenarios of double crush syndrome have been reported
in the lumbar area and lower extremities (Table 1).2'%22% Two case
reports and one study reported double crush lumbar radiculopathy
and fibular nerve entrapment after failed back surgery.®>'* Reife and
Coulis™ reported a case of a woman with a complaint of left leg pain
who underwent left L5-S1 hemilaminectomy and discectomy at
L5-S1. The left lateral calf pain increased postoperatively. Three
weeks later, she underwent a second operation to repair a cerebrospi-
nal fluid leak and remove a recurrent extruded disc at L5-S1. The
symptoms continued postoperatively. Palpation of the left lateral leg
inferior to the fibular head was tender. There was also grade 4 dorsi-
flexor weakness of the left foot and toes. Her symptoms resolved
2 months later after she was advised to stop crossing her legs. Ang
and Foo® reported a case of a man with low back pain and left leg
pain/paresthesia who underwent a L4-5 and L5-S1 lateral recess
decompression and discectomy without resolution of his symptoms
postoperatively. Because a left calf MRI scan showed a peroneal mus-
cle hemiation compressing the superficial fibular nerve, the patient
underwent surgical decompression of this nerve. Two pseudoneuro-
mas of the superficial fibular nerve were identified, reflecting three
locations of nerve entrapment, all of which were present at the patient’s
initial presentation. The symptoms significantly improved within
3 months after the second operation. Similar to the patient in the Reife
and Coulis™ case report, this patient did not undergo electrodiagnostic
tests either before or after the lumbar surgery.

In a study of 300 patients who underwent lumbar discectomies,
3 patients described pain of the lateral aspect of the leg postopera-
tively having a lower-grade intensity and different temporal and spatial
patterns than preoperatively.® Exquisite tender points were noted
behind the femoral biceps tendon in these three cases. These authors
attributed the new postoperative leg pain to entrapment of the fibular
nerve crural branches, which had been masked by the root compres-
sion symptoms that became evident after lumbar surgery. Neurolysis
was performed on the fibular nerve crural branches in all three cases
with resolution of symptoms.

Clinical examination can distinguish between L5 radiculopathy
and fibular nerve palsy by documenting weak ankle invertors in L5
radiculopathy but not in fibular nerve palsy. However, when double
crush syndrome occurs, this clue is lost because the invertors are
weak in both L5 radiculopathy and double crush syndrome. In dou-
ble crush lumbar and common fibular nerve injuries, lumbar imaging
studies (MRI, CT myelogram) may reveal lumbar pathology such as a
disc herniation or foraminal stenosis, whereas electrodiagnostic and US
testing is usually able to localize the common fibular nerve lesion.
EMG/NCV tests can distinguish between an L5 root and fibular nerve
lesion, with sensory potentials that are intact in an L5 radiculopathy
across the knee and absent in a fibular nerve lesion. EMG/NCV studies
are also beneficial when a patient's condition does not improve within a
reasonable interval after treatment, when overlapping symptoms such
as pain of the lateral aspect of the leg and foot drop are present, and
in situations of equivocal MRI findings.? However, loss of both motor
and sensory responses on stimulation of the fibular nerve causes a
diagnostic challenge in assessing concomitant L5 radiculopathy.

High-resolution US is valuable in identifying structural lesions such
as an intraneural ganglion or inflammatory changes and to confirm the
lesion site when electrodiagnostic testing is inconclusive.2%* Although
US has not been reported in the diagnostic evaluation of double
crush lumbar and common fibular injury, it has been described as
being valuable in diagnosing double crush ulnar nerve injury by
showing enlargement of the ulnar nerve at the cubital tunnel and

TABLE 1. Lumbar and/or lower extremity locations of double crush syndrome

Authors & Year

Features

Giannoudis et al., 2005

Chodoroff & Ball, 1985'
Golovchinsky, 1998
Zheng et al., 2016%°

Augustiin & Vanneste, 19922
Kanamoto et al., 2016

Ang & Foo, 20148

Reife & Coulis, 2013'°
Crotti et al., 2005°
Wu et al., 20208
Yamada et al., 2011"°

Nishimura et al., 2020""

Acetabular fractures with injuries of sciatic nerve proximally and
peroneal nerve distally at the fibular neck

Lumbosacral radiculopathy and tarsal tunnel syndrome

Posterior tibial nerve compressed under flexor retinaculum (tarsal
tunnel syndrome)

Lumbar nerve is compressed both medially and laterally in the spinal
canal

Lumbar radiculopathy and superficial peroneal nerve entrapments at
two separate locations

Lumbar radiculopathy and peroneal nerve

Lumbar radiculopathy and peroneal nerve crural branches

Simultaneous lumbar foraminal and/or extraforaminal stenosis

Fifth lumbar spinal nerve (compression at two or more sites from
intraspinal to extraforaminal zone; failed back surgery)

Lumbosacral epidermoid tumor and sacral Tarlov cyst at S2
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within the flexor carpi ulnaris muscle.2* Knee MRI is useful in visual-
izing the fibular nerve by detecting lesions caused by trauma, gan-
glia, peripheral nerve sheath tumors, and osteochondroma. 2

Treatment for double crush syndrome is based on the severity
of compression and appropriate symptoms at each site. If significant
symptoms persist after decompression at one site, then subsequent
decompression should performed at the second site. Nerve transfer
surgery is an innovative option to reinnervate the TA muscle in
patients who have sustained a profound, irreversible fibular nerve
injury.22® This surgery involves a nerve transfer of either the
superficial fibular nerve or tibial nerve fascicles to the motor branch
of the TA and to the deep fibular nerve to obtain improvement in
ankle dorsiflexion and eversion.

Observations

The two cases presented are the first to describe double crush
involving a lumbar and common fibular injury diagnosed through
both electrodiagnostic and US studies. A high level of suspicion of
double crush is justified in patients who present with low back pain
and symptoms involving L5 radiculopathy who do not experience
resolution of muscle weakness after lumbar nerve root decompres-
sion. Performing EMG/NCV and US before lumbar surgical interven-
tion may prove invaluable in cases of double crush to rule out
peripheral nerve abnormalities and to potentially avoid unnecessary
back surgery. Knee MRI may be beneficial in revealing a multilocu-
lar intraneural ganglion cyst surrounding the common fibular nerve
(case 1) and revealing a hyperintense signal within the common fib-
ular nerve and fatty atrophy and denervation edema in the anterior
compartment muscles of the lower leg (case 2).

In case 1, the patient demonstrated improvement of his symp-
toms, including the foot drop, after lumbar surgery, suggesting that
his symptoms were due to lumbar pathology. Despite severe lumbar
spondylosis and foraminal stenosis in case 2, the patient's EMG/
NCV and US studies detected a severe right common fibular nerve
neuropathy, suggesting that the peripheral neuropathy was the pri-
mary cause of the foot drop.

Lessons

Spine surgeons should be aware of the lower extremity double
crush syndrome caused by occurrence of lumbar radiculopathy and
common fibular nerve entrapment neuropathy, which poses several
diagnostic and therapeutic challenges. Electrodiagnostic studies play
an essential role, especially in patients presenting with overlapping
lumbar radiculopathy and entrapment neuropathy in the lower extrem-
ities. US is also helpful when EMG/NCV tests are nondiagnostic in
situations in which no sensory or motor responses are elicited from
the legs.
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