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Abstract. The conventional wisdom and classical description of movement disorders point to the central nervous
system (CNS) as the originator of movement disorder, it is becoming obviously that peripheral nerve injuries can also
initiate and contribute to movement disorders. Even though such conditions are exceptional and rare as compared to the
CNS movement disorder, there is evidence that the peripheral nervous system (PNS) can also contribute to movement
disorder.

Descriptors. central nervous system (CNS), complex regional pain syndrome (CRPSIand CRPS II), movement
disorder, myoclonic jerks, Parkinson Disease (PD), reflex sympathetic dystrophy (RSD), tremor.

INTRODUCTION

The first report of peripheral origin of movement disorder was in 1888 when Gowers suggested that movement
disorders can be produced not only by central but also by peripheral nervous system injuries(1). In the following decades,
the concept was challenged. However in the 1980's and 1990's the concepts have become more accepted and reported(2-
9). In the case of neuropathic pain of complex regional pain syndrome (CRPS I) also known as reflex sympathetic
dystrophy (RSD) the efferent dysfunction of the sympathetic system is likely to be accompanied by motor paresis (10).
The stimulation of the sympathetic nerve fibers, on the other hand, may cause an anti fatigue phenomenon which is
referred to as Orbeli Phenomenon(11). It becomes obvious that a dysfunction of the sympathetic system can cause the
two extremes of weakness and tremor on one end, and strengthening of the muscle(Orbeli Phenomenon) on the other(11).

MOVEMENT DISORDER

Movement disorders are common in most RSD patients(12). As, Schwartzman emphasizes the “movement
disorder is frequently ascribed to hysteria and pain” (13).

The condition is seen in complex regional pain syndrome (CRPS I) (RSD) as well (CRPS II) (causalgia) (14).
The movement disorder due to peripheral trauma may be in the form of Parkinsonian Tremor(15).

In the extensive studies carried out by Jankovic, movement disorders in RSD have been accompanied by tremor
and dystonia (6, 15).

In, Schwartzman and Kerrigan study of 200 patients with RSD, subtle dystonia and movement disorder were
seen in 10 patients(16).

Animal experiments by Basbaum and colleagues have demonstrated the importance of damage and degeneration
especially in the dorsal horn of the spinal cord due to a noxious stimulus(17,18). This secondary abnormality in the
central nervous system(spinal cord) may play a role in movement disorder seen in neuropathic pain syndromes.

Pathological, peripheral nervous system input can also cause reorganization of other CNS structures such as
the spinal cord, basal ganglia, nucleus gracilis, and thalamus(19,20,21). Obviously such secondary disorganization
cerebral nuclei are compatible with secondary development of movement disorder accompanying peripheral nervous
system damage.



PARKINSON DISEASE

James Parkinson, in his original thesis of “shaking palsy” has referred to injuries in the medulla as the cause
of Parkinson Disease (PD)(the disease named after him)(22). Peripheral nerve injuries have the potential of causing
PD(2,23,24).

Cardoso and Jankovic reported on 28 patients suffering from PD purely due to peripheral nervous system
injury(15). The Parkinsonian tremor developed as early as two months and as late as one year after trauma. Even though
the Parkinsonian tremor was initiated by peripheral nerve injury, PET scan studies showed a dysfunction in the striatum
and in caudate nuclei in some of these patients. L-DOPA treatment did not help control the Parkinsonian-type tremor.

Cardoso and Jankovic also reported the frequent occurrence of Parkinsonism tremors in nine of eleven RSD
patients who were treated with application of plaster cast(immobilization) to the involved extremity (4).

MECHANISM OF DEVELOPMENT OF TREMORS IN RSD

In 1984 Marsden and colleagues first reported that tremors can occur in RSD(25). Schott and Scherokman have
also reported tremors in RSD(8,9). These reports appeared in the literature from 1984 through 1986. Later, Jankovic and
van der Linden wrote their classic report on this subject in 1988(4).

Jankovic and van der Linden reported the development of tremors can start from one day to nine months after
injury to the peripheral nerves (4).

In a study of twenty-one patients suffering from RSD, Deuschl and colleagues reported a fasciliation and
enhancement of physiologic tremors(26). Cardoso and Jankovic have reported tremors in other peripheral injuries with
neuropathic pain as well(27).

Obviously the peripheral nerve damage in and ofitselfis incapable of starting and perpetuating tremor, dystonia,
or hypertonicity. On the other hand, the tremor is usually accompanied by certain degree of flexor spasm and tendency
for dystonia. Goldman and Ahlskog, as well as Dewey and colleagues - both groups of authors from the Mayo Clinic
have emphasized that post traumatic dystonia secondary to a cervical sprain is (28,29):

(i). Not psychogenic
(ii). The condition is on the basis of “centrally driven post traumatic muscle spasms” (28,29).

Such movement disorders (tremor or dystonia) originate from a peripheral nerve injury with secondary
pathologic input to CNS (especially the spinal cord). The prolonged neuropathic afferent input, in the long run, causes
disturbance of plasticity in the spinal cord(30,31,32). The disruption of normal plasticity and inhibitory effect of the
spinal cord on the neuropathic afferent input eventually results in the following phenomena (30,31,32) (Table I).

Bliimberg and Jénig have reported tremor and other movement disorders in more than 80% of CRPS
patients(33). Veldman, et al, has noted movement disorder in 95% of 829 patients(34). In our series of 824 patients,
the incidence was 78%(35).

Application of a cast causes immobilization and stimulation of the deep mechanoreceptors (36). These “silent
sleeping nociceptors” become activated with rest and inactivity(36). This, in turn, leads to pain, edema and movement
disorder.



Table I. CNS modulation of plasticity secondary to neuropathic pain.

1. Windup: The summation of excitatory post-synaptic potentials (EPSP) originating from prolonged dorsal horn pain
input and activating ventral horn os spinal cord efferent response (37,38).

2. Long Term Potentiation (LTP): Prolonged excitation of hippocampus secondary to prolonged afferent
neuropathic pain input changing the memory function of the plasticity (32,39-43).

3. Secondary opening of NMDA receptor channels, CA™ and NA " input to the post-synaptic cells, and efferent
excitation(44-46)

MYOCLONIC JERKS

Myoclonic jerks are common forms of movement disorder in CRPS(35).

(i). They may be a manifestation of deafferentation and sensitization of spinal cord due to long-term afferent
cytokines damage to the inhibitory granular cells in layers I and 1I1(47). As such, they develop in later stages of the
disease. Any form of immobilization (cast, wheelchair, etc.)contributes to this phenomenon(35).

(ii). The myoclonic jerks are seen in patients undergoing withdrawal of opioids (rebound phenomenon)(35).

(iii). In 38 of our 824 patients suffering from CRPS due to spinal cord injury myoclonic jerks were invariably
noted. In addition, myoclonic jerks were present in 44 of 63 CRPS patients secondary to electrical injury (48,49). This
may be due to electricity going through the path of least resistance (afferent c-fibers) and secondarily originating spinal
cord dysfunction (12,35,48).

(iv). Myoclonic jerks are a long-term complication of limb amputation (10 of 11 amputees among our 824
patients)(35).

Myoclonic jerks are frequently mistaken for "pseudoseizures" due to the fact that the ictal events originating
from spinal cord are too deep to present themselves on scalp video-EEG monitoring (50). In more severe cases, such
as electrical injury complicated by CRPS, somatosensory evoked potential (SSEP) test identifies the spinal cord
dysfunction as the originator of this form of myelogenic seizure (48,49,50).

TREATMENT

As underlined by Schwartzman, RSD tremors are usually a late development (stage III) of the clinical picture
of RSD (13).

It is well known that stage III RSD is somewhat resistant to treatment. This is due to the fact that the chronic
disturbance of plasticity ofthe CNS is due to the long-standing presence of the disease(18). However, nerve blocks, alpha
I and alpha II blockers (Clonidine, Hytrin, and Dibenzyline) may be quite helpful in the management of the tremor. In
our study of 82 patients with late stage RSD treated with an infusion pump, seven patients suffered from tremors. Six
patients were reverting back to normal, and in one patient the tremor was markedly improved.

As noted by Cardoso and Jankovic, immobilization of the involved extremity is a major activation of the
development of tremors in RSD. Removal of cast, braces and the discontinuation of using crutches or a wheelchair helps
in the prevention and management of movement disorders in RSD patients(12,52).



Koltzenburg, has noted that inactivity and low level of afferent input from the periphery aggravates the pain and

central plasticity changes of neuropathic pain. Mobilization and prevention of inactivity are essential in the treatment
of this condition(36).

Torebjork, has demonstrated that adverse effect of ice in generation and perpetuation of neuropathic pain. The
use of ice should be avoided (53).

The use of brachial plexus and regional blocks are beneficial in correcting such movement disorders (35).

CONCLUSION

Practically every form of movement disorder can be observed in peripheral nerve injuries, especially in CRPS
patients. These are frequently in the form of dystonic movements and are mistaken for conversion reaction. It is true
that any group of movement disorders, including seizure disorder, is contaminated by a minority of conversion reaction

patients or malingerers (17% in the case of seizure disorder). This minority incidence does not prove that all movement
disorder patients are "functional"(35).

Treatment with Klonopin and Baclofen which exert direct inhibitory effect on anterior and ateriolateral cells
of the spinal cord is quite beneficial in RSD patients suffering from tremors.



References

1. Gowers WR. A manual of diseases of the nervous system. Churchill. London. 1888.

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

3. Brin MF, Fahn S, Bressman SB, Burke RE. Dystonia precipitated by trauma . Neurology 1986;36:119 supplement
L.

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

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

6. Mitchell, G.A.G. Anatomy of the autonomic nervous system. E & S Livingstone Ltd, Edinburgh 1953.

7. Santini M. Towards a theory of sympathetic sensory coupling: the primary sensory neuron as a feedback target of the
sympathetic terminal. In: Zotterman Y, ed. Sensory functions of the skin in primates. Oxford: Pergamon Press, 1976:15-
35.

8.Scherokman B, Husain F, Cuetter A, et al.. Peripheral dystonia. Arch Neurol 1986; 43:830-832.

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

10. Yokota T, Furukawa T, Tsukagoshi. Motor paresis improved by sympathetic block. A motor form of reflex
sympathetic dystrophy? Arch Neurol 1989; 46:683-687.

11.Oebeli LA. Die sympathtische innervation der skelettmuskeln. Ivz Petrog. Nauch. Inst. P.F. Lesyafta. 1923;187-197.

12. Hooshmand H: Chronic Pain: Reflex Sympathetic Dystrophy: Prevention and Management. CRC Press, Boca Raton
FL. 1993.

13. Schwartzman RJ. Reflex sympathetic dystrophy. Handbook of Clinical Neurology. Spinal Cord Trauma,
H.L.Frankel, editor. Elsevier Science Publisher B.V. 1992; 17: pp 121-136.

14. Bhatia KP, Bhatt MH, Marsden CD. The causalgia-dystonia syndrome. Brain 1993; 116: 843-851.

15. Cardoso F, Jankovic J. Peripherally induced tremor and parkinsonism: Arch Neurol 1995;52:263-270.

16. Schwartzman RJ, Kerrigan J. The movement disorder of reflex sympathetic dystrophy. Neurology 1990;40:57-61.

17. Basbaum AI, Besson JM, eds. Towards a New Pharmacotherapy of Pain. Chichester, UK: John Wiley & Sons; 1991.

18. Presley RW, Menetrey D, Levine JD, et al. Systemic morphine suppresses noxious stimulus-evoked Fos protein-like
immunoreactivity in the rat spinal cord. J Neurosci 1990; 10: 323-335.

19. de Ceballos ML, Baker M, Rose S, et al. Do enkephalins in basal ganglia mediate a physiological motor rest
mechanism? Mov Disord 1986; 1: 223-233.



20. McMahon SB, Wall PD. Plasticity in the nucleus gracilis of the rat. Exp Neurol 1983; 80:195-207.

21. Pollin B, Albe-Fessard D. Organization of somatic thalamus in monkeys with and without section of dorsal spinal
tracts. Brain Res 1979; 173: 431-449.

22. Parkinson, J. An Essay on the Shaking Palsy. London: Whittingham and Rowland. 1817.

23. Ward CD, Duvoisin RC, Ince SE, et al. Parkinson's disease in 65 pairs of twins and in a set of quadruplets. Neurology
1983; 33:815-824.

24. Grimberg L. Paralysis agitans and trauma. J Nerv Ment Dis 1934; 49:14-42.

25. Marsden CD, Obeso JA, Traub MM, et al: Muscle spasms associated with Sudeck’s atrophy after injury.
Br Med J (Clin Res Ed) 1984; 288: 173-176.

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

27.Cardoso FE, Jankovic J. Hereditary motor-sensory neuropathy and movement disorders. Muscle Nerve 1993;16:904-
910.

28. Goldman S, Ahlskog JE. Posttraumatic cervical dystonia. Mayo Clin Proc 1993; 68:443-448.

29. Dewey RB, Maraganore DM, Matsumoto JY. Posttraumatic cervical dystonia manifesting as isolated spasm of the
middle scalene muscle. Mayo Clin Proc 1994;69:187-188.

30. Meller ST, Gebhart GF. Nitric oxide (NO) and nociceptive processing in the spinal cord. Pain 1993; 52:127-136.

31. Woolf CJ, Chong MS. Preemptive analgesia-treating postoperative pain by preventing the establishment of central
sensitization. Anesth Analg 1993;77:362-379.

32. Pockett S. Spinal cord synaptic plasticity and chronic pain. Anesth Analg 1995; 80:173-179.

33. Blimberg H, Janig W. Clinical manifestations of reflex sympathetic dystrophy and sympathetically
maintained pain: In: Wall, P.D., Melzack, R.: Textbook of Pain. Churchill Livingston. Edinburgh 3rd edition,
1994, pp 685-698.

34.Veldman PH, Reynen HM, Arntz IE, et al. Signs and symptoms of reflex sympathetic dystrophy:
prospective study of 829 patients. Lancet 1993;342:1012-1016.

35. Hooshmand H, Hashmi H. Complex regional pain syndrome (CRPS, RSDS) diagnosis and therapy. A review of 824
patients. Pain Digest 1999; 9: 1-24.


http:///jonmd/Citation/1934/01000/Paralysis_Agitans_and_Trauma.2.aspx

36. Koltzenburg M. Stability and plasticity of nociceptor function, in IASP Newsletter. Jan/Feb 1995; 3-4.

37.Mendell LM. Physiological properties of unmyelinated fiber projection to the spinal cord. Exp Neurol 1966; 16:316-
332.

38. Thompson SW, King AE, Woolf CJ. Activity-Dependent Changes in Rat Ventral Horn Neurons in vitro; Summation
of Prolonged Afferent Evoked Postsynaptic Depolarizations Produce a d-2-Amino-5-Phosphonovaleric Acid Sensitive
Windup. Eur J Neurosci 1990; 2:638-469.

39. Bliss TV, Gardner-Medwin AR. Long-lasting potentiation of synaptic transmission in the dentate area of the
unanaestetized rabbit following stimulation of the perforant path. J Physiol (1973 Jul) 232(2):357-374.

40. Hebb DO. The Organization of Behavior. New York Wiley, 1949

41. Teyler TJ, Lynch MA. Long-term potentiation of synaptic transmission in the hippocampus: properties and
mechanisms. In: Landfield PW, Deadwyler SA, eds. Long-term potentiation: from biophysics to behaviour. New York:
Alan R. Liss, 1988.

42.Madison DV,Malenka RC, Nicoll RA Mechanisms underlying long-term potentiation of synaptic transmission. Annu
Rev Neurosci 1991; 14:379-397.

43.Bliss TV, Collingridge GL. A synaptic model of memory: long-term potentiation in the hippocampus. Nature 1993;
361:31-39.

44. Johnston D, Williams S, Jaffe D, Gray R. NMDA-receptor-independent long-term potentiation. Annu Rev Physiol
1992; 54:489-505.

45. Bashir ZI, Bortolotto ZA, Davies CH, et al. Induction of LTP in the hippocampus needs synaptic activation of
glutamate metabotropic receptors. Nature 1993; 363:347-350.



46.Mao J, Price DD, Hayes RL, LuJ, et al. Differential roles of NMDA and non-NMDA receptor activation in induction
and maintenance of thermal hyperalgesia in rats with painful peripheral mononeuropathy. Brain Res 1992;598:271-278.

47. Woolf CJ, Thompson SW. The induction of maintenance of central sensitization is dependent on N-Methyl- D-
aspartic acid receptor activation; implications for the treatment of post injury pain hypersensitivity states. Pain
1991;44:293-299.

48. Hooshmand H, Radfar F, Beckner E. The neurophysiological aspects of electrical injuries. Clin
Electroencephalography 1989;20:111-120.

49. Demun EM, Redd JL, Buchanan KA, et al. Reflex sympathetic dystrophy after a minor electric shock.
J Emerg Med 1993; 11:393-396.

50. Bell WL, Walczak TS, Shin C, et al. Painful generalized clonic and tonic-clonic seizures with retained
consciousness. J Neurol Neurosurg Psychiatry 1997;63:792-795.

51.Triggs WJ, Owens J, Gilmore RL, et al. Central conduction abnormalities after electrical injury. Muscle
Nerve 1994; 17:1068-1070.

52. Cardoso F, Jankovic J. Peripherally induced tremor and parkinsonism: Arch Neurol 1995;52:263-270.

53.Torebjork HE, Lundberg LE, LaMotte RH. Central changes in processing of mechanoreceptive input in capsaicin-
induced secondary hyperalgesia in humans. J Physiol 1992; 448:765-780.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

