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A Case of Action-Induced Clonus that Mimicked Action 
Tremors and was Associated with Cervical Schwannoma
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Clonus is the rhythmic muscle contraction which usually occurs in patients with lesions in-
volving descending motor pathways. Sometimes, rhythmic oscillation of action induced clo-
nus could be confused to action tremor. We report a case of action induced clonus associated 
with cervical schwannoma which was misdiagnosed as essential tremor. The patient had 
spasticity in all limbs with exaggerated tendon reflexes, and passive stretch-induced clonus. 
Imaging and histological examinations revealed a schwannoma extending from C2 to C7. 
The lesion was partially removed by surgery. Even though essential tremor is a common disease, 
clinician have to do sufficient neurologic examination considering differential diagnosis.
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Clonus is the rhythmic muscle contraction which usually occurs in patients with lesions in-
volving descending motor pathways. Repetition of this sequence of events induces rhythmic 
oscillation of some joints, the frequency of which is generally between 5 and 8 Hz.1 Like oth-
er reflexes induced by stretch, clonus occurs with an appropriate degree of increased mus-
cle tone. Clonus is usually present in neurological disorders with abnormally increased tendon 
jerks.2 Sometimes, rhythmic oscillation of action induced clonus could be confused to action 
tremor. We report a case of action induced clonus that mimicked action tremors of the upper 
extremities that was associated with cervical schwannoma.

Case

A 56-year-old right-handed woman was referred to our hospital because of action tremors 
in both hands for 10 years. One year back, she had been diagnosed with essential tremor in a 
local hospital. She was prescribed 80 mg propranolol and 1 mg clonazepam for the tremor, 
but her neurologic state did not show any improvement after treatment. She had no family his-
tory of neurological disorders and had no medical problems. The neurological examination 
revealed mild postural tremor and moderate to severe action tremor in both hands with spon-
taneous rhythmic oscillatory movements of the distal agonist and antagonist muscles. The pa-
tient exhibited a 5 to 7 Hz postural tremor when her hands were outstretched. No motor 
weakness or sensory changes were observed, and the patient’s bowel and bladder functions 
were normal. She had spasticity in all limbs with exaggerated tendon reflexes. Babinski sign 
and ankle clonus were present in the left lower limb. 

Further investigations revealed normal plain radiographs with minimal enlargement of the 
spinal canal in the anteroposterior diameter. In the cervical MRI, we observed a huge lobu-
lated lesion with iso-signal intensity lesion in T1-weighted imaging (T1WI); however, T2-
weighted imaging (T2WI) in the ventrolateral aspect revealed heterogeneous high signal in-
tensity lesion, that was pushing the cord to the left dorsal side and extending from C2 to C7 
(Figure 1A). The lesion showed no peripheral rim of contrast enhancement. Axial T2WI 
showed a dumb-bell shaped mass lesion growing through the vertebral foramen (Figure 1B). 
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The intradural extramedullary lesion was approached through a 
laminectomy of C2 to C7. The mass was found to be attached 
to redundant nerve roots at both rostral and caudal ends and it 
grew through the vertebral foramen. The tumor was incom-
pletely removed. Biopsy of the tumor revealed that it was a 
schwannoma. Histological analysis of the tumor revealed 
stellate spindle-shaped cells with small, hyperchromatic nu-
clei, tenuous cytoplasmic processes, and scanty surrounding 
reticulin were loosely arranged in myxoid stroma. We also 
observed thickened blood vessels with hyaline deposition on 
the walls and clumps of hemosiderin-laden foamy macrophages 
(Figure 2). After the operation, the patient’s tremor improved 
slightly, but she was prone to falls and unable to walk without 
a walker.

Discussion

Approximately 30% of primary intraspinal tumors originate 
from Schwann cells. While both schwannomas and neurofibro-
mas are derived from Schwann cells, they show some distin-
guishing characteristics. They are usually solitary lesions, ex-

cept in Von Recklinghausen’s disease. Schwannomas are us-
ually solid or heterogeneously solid tumors and are commonly 
observed as intradural extramedullary spinal tumors.3,4 We 
have described a case of lobulated Schwannoma in the cervical 
region that intradurally extended over a long segment from C2 
to C7 and also showed extradural extension. Schwannomas are 
benign tumors with a slow growth rate, the diagnosis of extra-
cranial schwannomas may pose a challenge to neurologists. Pa-
tients with such schwannomas rarely show pain and neurolog-
ical symptoms, and these symptoms become evident only at 
the advanced stages.4 This case showed a striking paucity of 
symptoms in spite of the large size of the tumor. Preoperative 
diagnosis is sometimes difficult and differential diagnoses are 
widely variable. Surgical treatment does not always fully elimi-
nate the tumor, the possibility of neurological sequelae should 
be explained to the patient during the preoperative interview.4 

Clonus, presented behaviorally as rhythmic distal joints os-
cillation, is a common pathology that occurs secondary to spi-
nal cord injury and other neurological disabilities.5 The under-
lying mechanism of clonus is therefore still unclear and con-
troversial. The prevailing one is that clonus results from re-
current activation of stretch reflexes. Szumski et al. demon-
strated that unsustained clonus could be prolonged by Jen-
drassik’s maneuver.6 They concluded that in clonus the spindles 
were abnormally sensitive and that the motoneurons particular-
ly important for manifesting clonus were the dynamic fusimo-
tor neurons. Hagbarth et al. demonstrated that Ia afferent dis-
charges precede clonic EMG bursts but were not activated 
during muscle contraction.7 They concluded that as the muscle 
relaxes, muscles spindle stretches and regenerates EMG activ-
ity resulting in repeated oscillatory movement. Rack et al. 
also supported the notion that clonus is caused by self-sus-
taining oscillation of a stretch reflex pathway because the 
frequency of clonus may be altered by changing the mechani-
cal load acting at the joint.8 An alternative hypothesis is that 
clonus results from the action of central oscillator. Walsh and 
Wright have reported similar frequencies of clonus among ankle, 
knee, and wrist muscles.9 Dimitrijevic et al. reported that ankle 
clonus frequency was unchanged by altering the frequency of 

A   B  

Figure 1. Cervical MRI. A: Saggital T1-
weighted imaging showing a huge lobu-
lating iso-signal intensity intradural ex-
tramedullary lesion; T2-weighted imaging 
in the ventrolateral aspect revealed het-
erogeneous high signal intensity lesion, 
that was pushing the cord to the left dor-
sal side and extending from C2 to C7. B: 
Axial T2-weighted imaging showing a 
dumb-bell shaped mass lesion growing 
through the vertebral foramen.

Figure 2. Fascicles of spindle-shaped cells are interrupted by small 
myxoid areas. Note the small blood vessels with markedly thickened 
walls.
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tendon taps, cooling, adding a mass to the foot, moving the foot 
through viscous solution, and direct movement opposition.2 
This study suggested clonus to be primarily dependent on the 
activity of a central generator within spinal cord which rhyth-
mically activates the alpha motoneurones. The other study 
showed the mechanism underlying clonus after spinal cord 
injury is not solely related to recurrent muscle stretch. They con-
cluded that clonus is the frequent presentation of intrinsic oscil-
lating spinal neuronal networks after chronic loss of supraspi-
nal input and diminution of load-related sensory input.5 There-
fore, we also suggest that the cervical schwannoma observed in 
our case could be responsible for deprivation of supraspinal con-
trol of the stretch reflex loops.

The symptoms in this patient were considered similar to ac-
tion tremors in which rhythmic oscillations of a limb occur spon-
taneously during voluntary movement. Although action trem-
ors are usually observed in cerebellar, task-specific, dystonic, 
or Holmes tremor, and they may be rarely associated with par-
tial lesions in the descending motor pathways.10 However, 
our patient had spasticity in the upper limbs with exaggerat-
ed tendon jerks and passive stretch-induced clonus. The case 
we report is very similar to the description of “action induced 
clonus mimicking tremor” by Fravix et al.10 However, in our 
case, duration of the symptom was as long as the essential trem-
or. This point induced a clinician to insufficient neurologic ex-
amination and misdiagnosis. Usually clonus is rarely misinter-
preted as tremor. On clinical examination, passive stretching 
of the muscles increases the force of clonus but not of tremor.12 
Even though essential tremor is a common disease, clinician 
have to do sufficient neurologic examination considering dif-

ferential diagnosis. 
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