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Abstract

 

A 14-year-old girl presented with Complex Regional Pain Syndrome, Type I (CRPS-1) of the 
left ankle after a remote history of sprain. Allodynia, pain, temperature and color changes, 
and swelling were successfully treated with physical therapy, transcutaneous electrical nerve 
stimulation (TENS), gabapentin, amitriptyline, and tramadol. Five weeks later, she presented 
with a continuous, involuntary, intermittent coarse tremor of the left foot causing increased 
pain. The electromyogram showed rhythmic discharges of 3 Hz frequency lasting 20–80 
milliseconds in the left tibialis, peroneus and gastrocnemius, suggestive of either basal ganglia 
or spinal origin. Tremor and pain were controlled with epidural bupivacaine, but the tremor 
reappeared after discontinuing epidural blockade. Carbidopa/levodopa 25/100 (Sinemet

 

®

 

) 
was started and the tremor disappeared after two days. With continued physical therapy, pain 
and swelling resolved within two months and carbidopa/ levodopa was discontinued after five 
weeks with no recurrence of the tremor. Our success in the treatment of CRPS-associated tremor 
in this young girl with carbidopa/levodopa suggests that this patient may have had 
underlying movement disorder which was unmasked by the peripheral injury.
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Introduction

 

Complex Regional Pain Syndrome (CRPS) is a
clinical disorder, which is usually characterized
by severe burning pain, swelling, and vasomotor,

sudomotor, dystrophic and trophic changes in
the affected body parts.

 

1

 

 The incidence of CRPS
ranges from 1–2% after various fractures and
2–5% after peripheral nerve injuries.

 

2

 

CRPS may be accompanied by movement
disorders, including dystonia or tremor.

 

3–7

 

Tremors at various frequencies have been doc-
umented in many CRPS patients,

 

3,5

 

 and various
medical and surgical treatment options have
been used, with limited success, to treat CRPS-
associated tremors.

We present a case of severe tremors in a 14-
year-old girl with post-traumatic CRPS Type 1,
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which were successfully controlled with medi-
cal management.

 

Case Report

 

A 14-year-old athletic girl, 80 kg and 180 cm,
was evaluated for complaints of pain and dis-
coloration of her left ankle after multiple inju-
ries to that ankle. The initial trauma, which was
a Grade I ankle sprain, occurred while playing
basketball twelve months prior to the presenta-
tion. After brief immobilization, she returned
to regular activities, but reinjured the ankle six
times. She complained of intense pain in her
left ankle, which prevented her from bearing
weight. The pain was 9/10 on a numeric rating
scale and was aggravated by light touch and im-
proved by hanging the left ankle off the side of
the bed. Acetaminophen with codeine pro-
vided no relief. Her foot turned purple occa-
sionally.

On examination, the left ankle appeared
swollen and purplish when compared to the
other foot. The temperature of the affected
foot was 85.2

 

�

 

 F compared to 93.7

 

�

 

 in the right
foot. Range of motion was decreased in her left
ankle (dorsiflexion 40

 

�

 

, plantar flexion 60

 

�

 

,
eversion 30

 

�

 

, and inversion 30

 

�

 

). Muscle spasm
and intense allodynia were present.

Radiographs showed osteochondritis of the
talus. The magnetic resonance imaging of left
ankle showed Grade-I osteochondral lesion of
posteromedial talar dome and a small amount
of fluid along posterior tibialis tendon. The ra-
dionucleide three-phased bone scan showed
diminished radionucleide delivery to left ankle.

Treatment included transcutaneous electric
nerve stimulation, gabapentin (900 mg three
times a day), amitriptyline (25 mg at bedtime),
and as needed tramadol (50 mg). Physical ther-
apy was started three times per week. In three
weeks, there was improvement in symptoms.

After five weeks, she presented with a two-day
history of continuous involuntary twitching of
her left foot, with increased pain and discolora-
tion of the left ankle. There was a twenty-degree
difference in temperature between the two feet,
left being warmer than the right. Neurological
examination was notable for an intermittent
coarse rest tremor of the left foot, primarily at
the ankle, with a frequency of three to four Hz.
Muscle tone, bulk, and strength of all muscle
groups, sensation, deep tendon reflexes and

 

plantar responses in the lower extremities were
normal and symmetric. The magnetic resonance
image of the spine was normal.

She was admitted to the hospital and treated
with an initial dose of 20 ml of 0.25% bupiv-
acaine via a lumbar epidural catheter. This re-
sulted in resolution of the tremor. She then re-
ceived an infusion of 0.125% bupivacaine at 10
ml/hr, but every time the epidural infusion
was decreased or discontinued, the tremor re-
appeared. The epidural infusion was held for
twelve hours for an electromyogram that
showed rhythmic discharges of three Hz fre-
quency lasting twenty to eighty milliseconds in
the left tibialis (Fig. 1), peroneus and gastroc-
nemius muscles, suggestive of either basal gan-
glia or spinal origin. The nerve conduction
studies showed no evidence of mononeuropa-
thy, polyneuropathy or radiculopathy.

Carbidopa/levodopa 25/100 (Sinemet

 

®

 

) was
started twice daily. Eighteen hours after carbi-
dopa/levodopa was started, a decrease in tremor
was noted. The tremor totally disappeared in
three days. With continued physical therapy, the
CRPS symptoms resolved within two months.
The carbidopa/levodopa was discontinued five
weeks after discharge from the hospital, with
no recurrence of the tremor.

 

Discussion

 

In 1888, Gowers suggested that movement
disorders could be produced not only by cen-
tral, but also by peripheral trauma.

 

8

 

 Recent ob-
servations have confirmed this.

 

9,10

 

 In 1988, Jan-
kovic and colleagues described five patients with
the onset of tremors within one day to nine
months after peripheral injury.

 

3

 

 They noted that
65% (15 out of 23 patients) had common ‘pre-
disposing’ factors like family history of essen-
tial tremor or dystonia, perinatal injury, or a
prior exposure to dopamine receptor blocking
drugs that could have increased the risk of
tremor.

 

3

 

 In 1995, Cardoso et al. studied pa-
tients in whom the onset of tremor, parkin-
sonism or both was anatomically or temporally
related to local injury.

 

11

 

 They noted the onset
of tremor within two months after the injury in
21 out of 28 patients.

 

11

 

In 1991, Deuschl and colleagues studied pos-
tural hand tremor in twenty-one patients suf-
fering from unilateral reflex sympathetic dys-
trophy (CRPS Type 1) in the upper extremity.
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They noted, on the affected side, an enhanced
tremor amplitude, with a mean tremor fre-
quency of 7.2 Hz in 57% of patients.

 

12

 

 This
tremor decreased with loading and the investi-
gators concluded that the tremor in reflex sym-
pathetic dystrophy should be regarded as a
form of enhanced physiological tremor.

It has been proposed that peripheral trauma
alters the sensory input and induces cortical and
subcortical reorganization generating a move-
ment disorder in patients with CRPS.

 

11

 

 This hy-
pothesis might explain why the peripherally-
induced movement disorders have a tendency
to spread beyond the original site of injury.
The neuronal networks in the thalamic ventra-
lis lateralis nucleus, which receive input from the
basal ganglia, may be involved in the genera-
tion of the tremor.

 

11,13

 

 Cohen et al. have shown
that the transcranial magnetic stimulation in
the patients with unilateral limb amputations
evoked larger motor evoked potentials, recruited
larger percentage of motoneuron pool and
elicited motor-evoked potentials at lower inten-
sities of stimulation in muscles ipsilateral to the
stump than in contralateral muscles.

 

14

 

The mechanism by which the altered periph-
eral input can produce central effects is poorly
understood. Some of these changes seem to be
mediated by retrograde axonal transport of
trophic factors such as ciliary neurotrophic fac-
tor.

 

15

 

 Neural plasticity in response to peripheral
trauma also may be mediated also by immedi-
ate early response genes (e.g., c-jun and c-fos),
resulting in secondary chemical changes. The
expression of these genes seem to be markedly
increased in the spinal cord after peripheral
nerve lesion (axotomy).

 

8,16

 

The tremor, difficulty in the initiation of move-
ment, and increase in reflexes and muscle tone
may also be directly related to the change in

the activity of the sympathetic nervous system
in CRPS. It has been suggested that the interac-
tion between substance P and sympathetic ner-
vous system directly initiates the intense and pro-
longed depolarization of anterior horn cells that
may underlie dystonia of this condition.

 

17,18

 

 A
similar hypothesis can be extended to explain
other movement disorders, including tremors,
associated with CRPS. Deuschl and colleagues
noted that their patients with enlarged tremor
amplitudes displayed a greater degree of elec-
tromyographic synchronization in the affected
arm, and a higher coherence, compared with
the healthy side or normal subjects.

 

12

 

 They sug-
gested that such synchronized discharges of the
motor neurons must be due to common cen-
tral or peripheral inputs on the motor neuron
pool.

 

12

 

Enhanced proprioceptive reflexes have been
proposed as a major peripheral input causing
synchronization and thereby, tremor.

 

19

 

 Since
gain of reflexes can be enhanced by sympa-
thetic sensitization of muscle spindles, most
likely by their influence on beta 2-receptors,

 

20

 

the enhanced tremor in reflex sympathetic dys-
trophy could be explained by this mechanism
and their reduction following sympathetic block-
ade.

 

12

 

 Mechanisms acting at the spinal level have
also been proposed to account for the synchro-
nization.

 

14

 

 For example, the gain of the flexion
reflex is enhanced by the stimulation of the
C-fiber afferents from the muscle, which is prob-
ably mediated by substance P released from the
nociceptive primary afferents.

 

21

 

An alternative hypothesis is that trauma may
cause a movement disorder by indirectly trig-
gering or accelerating the progression of pre-
existing subclinical movement disorder.

 

8,11

 

 Mo-
tor symptoms may be transiently exacerbated
in patients with Parkinson’s disease after motor

Fig. 1. EMG showing rhythmic discharges of 3 Hz frequency lasting 20–80 milliseconds in the left tibialis.
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vehicle accident or stress.

 

22

 

 This is also sup-
ported by animal models. For example, rats
previously treated with neurotoxin 6-hydroxy
dopamine to produce subclinical damage to
substantia nigra developed Parkinsonism signs
after receiving a series of tail shocks.

 

23

 

Treatment of post-traumatic action tremors
is challenging.

 

8,24–27

 

 Botulinum toxin injections
into muscles involved in tremor may provide
temporary relief up to four months.

 

28

 

 Ventro-
lateral thalamotomy may sometimes produce
improvement in tremor

 

29

 

 but tremor may re-
cur in 20% of the patients. Also, there is a con-
siderable risk of of contralateral hemiparesis,
hemianesthesia, ataxia, speech disturbance, and
other potential complications.

 

8

 

 Tremor can
also be relieved by high frequency thalamic
stimulation,

 

30

 

 particularly in elderly patients and
when bilateral effects are desirable.

 

31

 

 These
procedures are not free of risks. The treatment
for post-traumatic Parkinsonism is essentially
the same as idiopathic Parkinsonism,

 

32

 

 but the
response to dopamine and anticholinergic
drugs is less predictable.

 

9

 

The onset of tremor in our patient, while al-
ready receiving amitriptyline and gabapentin
for the treatment of CRPS, suggested that these
tremors were not peripheral in origin. The typ-
ical EMG pattern of rhythmic discharges of 3 Hz
frequency lasting 20–80 ms suggested spinal or
basal ganglia origin. The resolution of tremor
with the epidural blockade and its reappear-
ance on discontinuation of the blockade pointed
to a possible spinal or a more central origin of
the tremor. After the complete resolution of
the epidural blockade, carbidopa/levodopa
was initiated, with gradual improvement in the
tremor and its complete resolution in three
days. Our success in the treatment of CRPS as-
sociated tremor with carbidopa/levodopa, which
essentially increases dopamine levels in the
central nervous system, suggests that this pa-
tient may have had underlying ‘subclinical’
Parkinsonism which was unmasked by the pe-
ripheral injury.

 

References

 

1. Schwartzman RJ, Kerrigan J. The movement dis-
order of reflex sympathetic dystrophy. Neurology
1990;40:57–61.

2. Veldman PHJ, Reynen HM, Artnz IE, Goris RJA.

Signs and symptoms of reflex sympathetic dystro-
phy: prospective study of 829 patients. Lancet 1993;
342:1012–1015.

3. Jankovic J, Van der Linden C. Dystonia and tremor
induced by peripheral trauma: predisposing factors.
J Neurol Neurosurg Psychiatry 1988;51:1512–1519.

4. Schott GD. The relationship of peripheral
trauma and pain to dystonia. J Neurol Neurosurg
Psychiatry 1985;48:698–701.

5. Schott GD. Induction of involuntary movements
by peripheral trauma: an analogy with causalgia.
Lancet 1986;2:712–716.

6. Scherokman B, Hussain F, Cuetler A, et al. Pe-
ripheral dystonia. Arch Neurol 1986;43:830–832.

7. Marsden CD, Obeso JA, Traub MM, et al. Mus-
cle spasms associated with Sudeck’s atrophy after in-
jury. Br Med J 1984;288:173–176.

8. Jankovic J. Post-traumatic movement disorders:
central and peripheral mechanisms. Neurology
1994;44:2006–2014.

9. Fletcher NA, Harding AE, Marsden CD. The re-
lationship between trauma and idiopathic torsion
dystonia. J Neurol Neurosurg Psychiatry 1991;54:
713–717.

10. Cole JD, Illis LS, Sedgewick EM. Unilateral essen-
tial tremor after wrist immobilization: a case report.
J Neurol Neurosurg Psychiatry 1989;52:286–287.

11. Cardoso F, Jankovic J. Peripherally induced
tremor and Parkinsonism. Arch Neurol 1995;52:
263–270.

12. Deuschl G, Blumberg H, Lucking CH. Tremor
in reflex sympathetic dystrophy. Arch Neurol 1991;
48:1247–1252.

13. Llinas RR. The intrinsic electrophysiological
properties of mammalian neurons: insights into cen-
tral nervous system function. Science 1988;242:
1654–1664.

14. Cohen LG, Bandinelli S, Findley TW, Hallet M.
Motor reorganization after upper limb amputation
in a man: a study with focal magnetic stimulation.
Brain 1991;114:615–627.

15. Curtis R, Adryan KM, Zhu Y, et al. Retrograde
axonal transport of ciliary neurotrophic factor is in-
creased by peripheral nerve injury. Nature 1993;365:
253–255.

16. Jenkins R, Hunt SP. Long-term increase in the
levels of c-jun mRNA and Jun protein-like immu-
noreactivity in motor and sensory neurons following
axon damage. Neurosci Let 1991;129:107–110.

17. Jan YN, Jan LY. Peptidergic transmission in sym-
pathetic ganglia of the frog. J Physiol (Lond) 1982;
327:219–246.

18. Urban L, Randic M. Slow excitatory transmis-
sion in rat dorsal horn: possible mediation by pep-
tides. Brain Res 1984;290:336–342.

19. Stein RB, Lee RG. Tremor and clonus: In:
Brooks VB, ed. Handbook of Physiology: The ner-



 

390 Navani et al. Vol. 25 No. 4 April 2003

 

vous System II. Bethesda: American Physiological
Society;1981:325–343.

20. Abila B, Wilson JF, Marshall RW, Richena A. The
tremorolytic action of beta-adrenoceptor blockers in
essential, physiological and isoprenaline-induced
tremor is mediated by beta-adrenoceptors located in
a deep compartment. Br J Clin Pharmacol 1985;20:
369–376.

21. Wall P, Woolf C. Muscle but not cutaneous C-affer-
ent input produces prolonged increases in the excit-
ability of the flexion reflex in the rat. J Physiol 1984;
356:443–458.

22. Goetz CG, Stebbins GT. Effects of head trauma
from motor vehicle accidents on Parkinson’s dis-
ease. Ann Neurol 1991;29:191–193.

23. Snyder AM, Stricker EM, Zigmond MJ. Stress-
induced neurological impairments in an animal model
of parkinsonism. Ann Neurol 1985;18:544–551.

24. Biary N, Cleeves L, Findley L, Koller W. Post-
traumatic tremor. Neurology 1989;39:103–106.

25. Harmon RL, Long DF, Shirtz J. Treatment of
post-traumatic midbrain resting-kinetic tremor with
combined levodopa/carbidopa and carbamazepine.
Brain Inj 1991;5:213–218.

26. Ellison PH. Propranolol for severe post-head in-
jury action tremor. Neurology 1978;28:197–99.

27. Lou J-S, Jankovic J. Essential tremor: clinical cor-
relates in 350 patients. Neurology 1991;41:234–238.

28. Jankovic J, Schwartz K. Botulinum toxin treat-
ment of tremors. Neurology 1991;41:1185–1188.

29. Andrew J, Fowler CJ, Harrison MJG. Tremor after
head injury and its treatment by stereotaxic surgery.
J Neurol Neurosurg Psychiatry 1982;45:815–819.

30. Deiber M-P, Pollack P, Passingham R, et al.
Thalamic stimulation and suppression of parkinsonian
tremor: evidence of cerebellar deactivation using
positron emission tomography. Brain 1993;116:
267–279.

31. Blond S, Caparros-Lefebvre D, Parker F, et al.
Control of tremor and involuntary movement disor-
ders by chronic stereotactic stimulation of the ven-
tral intermediate thalamic nucleus. J Neurosurg
1992;77:62–68.

32. Jankovic J, Marsden CD. Therapeutic strategies
in Parkinson’s disease. In: Jankovic J, Tolosa E, eds.
Parkinson’s disease and movement disorders. 2nd
Edition. Baltimore: Williams and Wilkins, 1993:
115–143.


