Evidence Table 4.5:  Studies Generating or Testing Hypotheses About Chronic Neuropathic Pain in SCI

	Author
	Patient Description
	Study Hypothesis

	Author: Aisen, 1995

Country: USA

Refman ID: 912
	# patients: 14 TSCI – 7 with SHS, 7 with SHS

Level of injury: cervical
	To determine the utility of the sympathetic skin response (SSR) in studying sympathetic outflow in cervical spinal cord injury patients developing RSD and SHS

Findings/Conclusions: Conclude that SHS complicating TSCI is associated with increased amplitude of the SSR, supporting the theory that sympathetic hyperactivity is important in the pathophysiology of RSD

	Author:  Beric, 1988

Country:  USA

Refman ID: 143
	# patients:  13 with diffuse dysesthesia

below lesion/102 with SCI

Level of injury:  9 cervical; 4 thoracic
	To define the dysesthesia syndrome in SCI by comparing clinical findings and results of quantitative sensory and neurophysiological tests

Findings/Conclusions:  Laboratory testing revealed relative preservation of dorsal column function compared to absence of spinothalamic function.  Authors speculate that this imbalance may underlie generation of dysesthesias due to misperception of residual peripheral input.

	Author:  Bowsher D, 1996

Country:  United Kingdom

Refman ID: 049
	# patients:  6 SCI (plus 3 with syrinx)/156 with pain syndromes

Level of injury:  NR
	To study the clinical and pathophysiological features of central pain due to damage to the CNS.

Findings/Conclusions:  Author generated hypothesis that upregulation or down-regulation of neurotransmitter receptors, possibly mainly noradrenergic, over time, underlies central neuropathic pain.

	Author:  Cheng, 1997

Country: Taiwan

Refman ID: 878
	# patients:  61 SCI (36 with dysesthetic pain and 25 without)

Level of injury:  27 at or above C5; 34 below C5
	To investigate the correlation between the presence of spontaneous EMG potentials and dysesthetic pain in cervical cord injured patients

Findings/Conclusions:  Spontaneous EMG potentials associated with dysesthetic pain (p<0.001) and injury severity (p<0.05) but not age, gender, injury level, duration of injury, operation, and spasticity

	Author:  Cohen, 1996

Country:  United States

Refman ID: 343
	# patients:  26 SCI/52

Level of injury:  13 SCI (T2-L2) with pain; 13 SCI (T3-L3) without pain; 13 low back pain; 13 controls
	To determine whether dysesthetic pain syndrome resulted in changes in somatosensory perception and processing using two-point discrimination thresholds

Findings/Conclusions:  SCI-pain group had lower pain and sensory detection thresholds rostral to injury level; SCI-no pain group had higher thresholds.  Authors conclude that differences in somatosensory processing occur when DPS is or is not a consequence of SCI.

	Author:  Defrin, 1999

Country:  Israel

Refman ID: 242
	# patients:  53 SCI/71

Level of injury:  paraplegia T4-L3

21 complete SCI chronic pain (CSCIP); 10 complete SCI no chronic pain; 15 incomplete SCI chronic pain (ISCIP); 7 incomplete SCI no chronic pain
	To investigate the perception of acute pain using the heat-pain threshold in SCI pts with chronic pain following partial or complete spinal cord damage

Findings/Conclusions:  Higher thresholds above level in CSCIP versus all other groups; this was reversed after complete pain relief from DREZ.  CSCIP had more intense pain and larger area of body affected.  Authors concluded that a critical level of chronic pain must be perceived to induce acute pain threshold elevation.


Evidence Table 4.5:  Studies Generating or Testing Hypotheses About Chronic Neuropathic Pain in SCI (continued)
	Author
	Patient Description
	Study Hypothesis

	Author:  Donovan,  1982

Country:  USA

Refman ID: 366
	# patients:  7 SCI / 8 with pain syndromes

Level of injury:  2 segmental nerve; 2 SCI; 2 visceral; 1 muscle/mechanical; 1 psychogenic
	To correlate five clinical pain types (peripheral, central, visceral, mechanical, psychic) with neurophysiological data

Findings/Conclusions:  The authors conclude that pain following spinal cord injury can be classified into one or more of the five pain types and distinguished by clinical and neurophysiological means.

	Author: Dressler, 1994

Country: United Kingdom

Refman ID: 081
	# patients:  1 TSCI (GSW) subject of 23 subjects investigated

Level of injury:  T12, L1
	To describe the signs and symptoms of “painful legs and moving toes syndrome” as described by Spillane et al. (1971). No a priori hypothesis stated.

Findings/Conclusions:  Treatment of this syndrome is notoriously difficult—benefits of medications are often inadequate.  Lumbar sympathetic blockade sometimes offers transient relief.

	Author:  Eide, 1996

Country: Norway

Refman ID: 047
	# patients:  16 with SCI and central dysesthesia pain

Level of injury:  8 cervical ; 4 thoracic; 2 lumbar
	To investigate if central pain is only dependent on lesioning of spinothalamic pathways, using somatosensory testing

Findings/Conclusions:  Thermal and tactile thresholds were changed in denervated skin (but not different in painful versus nonpainful areas); reductions in touch, vibration, and joint position were similar in painful and nonpainful areas; allodynia and wind up-like pain were more common in painful areas.  Authors concluded that central pain is not only dependent upon lesioning of either dorsal column-medial lemniscal or spinothalamic pathways; allodynia and wind up-like pain may be consistent with hyperexcitability in nociceptive spinothalamic tract neurons.

	Author:  Lenz, 1989

Country:  USA

Refman ID: 165
	# patients:  5

Level of injury:  NR
	No a priori hypothesis stated.

Findings/Conclusions:  Authors report that somatosensory thalamic neurons of patients with central pain after SCI fire in bursts of action potentials more frequently than do similar neurons in patients without pain; the bursting pattern has characteristics similar to that associated with an underlying calcium spike; authors conclude that these findings may have relevance to etiology and treatment of central pain.

	Author: Livshits, 1988

Country: Russia

Refman ID: 675
	# patients: case series 25 of 50; consecutive patients admitted to hospital for surgery

Level of injury: NE; cervical, thoracic, lumbar
	To determine if there is an association between SSEP waves under median carpal nerve stimulation

Findings/Conclusions: Late SSEP waves were more pronounced in TSCI cases with pain syndrome than in SCI patients without pain and normal subjects. SSEP is not a treatment, measures reactions in patients with pain. Found to be an association between SSEP waves and neurotic triad of the MMPI test (depression, hypochondria and hysteria).

Article published in Russian.

	Author: Loeser, 1968

Country: USA

Refman ID: 893
	# patients: 1

Level of injury: L1 sensory and motor level
	Many of the central pain states that occur after nerve or spinal cord injury may be due to chronic deafferentation and subsequent hyperactivity at the segmental level.

Findings/Conclusions: Neuronal activity adjacent to the lesion was unusual and resembled that seen in chronic deafferentation of the cat spinal cord or the primate cortical epileptic focus.

	Author:  Melzack, 1978

Country:  Canada

Refman ID: 216
	# patients:  5 with phantom pain

Level of injury:  All thoracic
	To examine the properties of phantom body pains in paraplegics and to propose a theoretical concept to explain them

Findings/Conclusions:  Authors conclude that mechanisms underlying phantom pain must be sought central to the level of cord transection and that loss of input to central structures after deafferentiation may contribute to pain production; authors propose a central “pattern generating mechanism” hypothesis for pain generation.

	Author:  Ness, 1998

Country:  USA

Refman ID: 247
	# patients:  1

Level of injury:  paraplegia T4/L1 incomplete
	To determine whether there was evidence of differential brain activity (by measuring regional cerebral blood flow (rCBF) with brain SPECT) in an individual with cyclic, chiefly unilateral, dysesthetic pain 

Findings/Conclusions:  During pain, rCBF increased in the anterior cingulated gyrus, the thalamus bilaterally, and the contralateral somatosensory cortex but decreased in the caudate bilaterally.  Gabapentin reduced the patient’s pain.


Evidence Table 4.5:  Studies Generating or Testing Hypotheses About Chronic Neuropathic Pain in SCI (continued)
	Author
	Patient Description
	Study Hypothesis

	Author:  Roelcke, 1997

Country:  Switzerland

Refman ID: 904
	# patients:  11 SCI / 23 patients (12 controls)

Level of injury:  7/11 paraplegic, 4/11 tetraplegic (C5 and C6 (n=2 each))

	To investigate if the deafferentation state after SCI may be followed by an altered pattern of cerebral glucose metabolism, as measured by positron emission tomography (PET), in paraplegic and tetraplegic patients

Findings/Conclusions:  Global cerebral glucose metabolism was reduced in patients with SCI and pain versus healthy controls; metabolism was increased in the supplementary motor area, anterior cingulated, and putamen and decreased in the midbrain, cerebellar hemispheres, and temporal cortex.  Authors conclude that cerebral deafferentation due to reduction or loss of sensorimotor function lowers absolute cerebral glucose metabolism in SCI patients; relatively increased levels in certain brain regions involved in attention and movement initiation may be related to their secondary disinhibition.

	Author: Sherman, 1986

Country: USA

Refman ID: 300
	# patients: 9/10 have pain

Level of injury: all complete; 4/9 cervical; 6/9 thoracic
	To examine the relationships between near surface blood flow and altered sensations in TSCI patients in order to determine objective evidence of where phantom body pain is generated

Findings/Conclusions:  Results demonstrated a consistent decrease in termperature corresponding to the level at which normal sensations ceased. Changes in blood flow patterns correlate highly with the level at which sensations changed from normal to abnormal.

	Author: Sherman, 1987

Country: USA


Refman ID: 158
	# patients: 22 SCI /125 with chronic pain

Level of injury: NR
	To determine the usefulness of thermography for the evaluation of chronnic pain of different causes.

Findings/Conclusions:  Blind panel using only thermography could not differentiate intact from incomplete SCI patients; were able to differentiate all but one case of complete versus incomplete SCI.

	Author:  Song, 1993

Country:  USA

Refman ID: 085
	# patients:  15 with SCI and dysesthetic pain; 15 with SCI and no pain; 16 controls

Level of injury:  at or below T1
	To investigate if dysesthetic pain syndrome (DPS) patients would show increased cortical reogranization, measured using two-point discrimination thresholds (2PDTs), because of high levels of sensory stimulation following injury

Findings/Conclusions:  SCI pain group had smaller 2PDTs, especially over neck and spine; SCI pain group had inverse correlation between perceived pain severity and 2PDT in spinal skin area; authors conclude that SCI patients with severe DPS have a higher sensitivity to somatosensory stimuli, particularly in skin areas with projections to primary somatosensory cortex areas adjacent to the deafferentiated region; increase in 2PDT may be due to increase in size of somatosensory cortical areas allotted to the corresponding skin areas.

	Author: Woodward, 1991

Country: USA

Refman ID: 109
	# patients:  2 case reports

Level of injury:   tetraplegia, paraplegia
	To investigate the response to light touch or tapping over areas rostral to the level of injury—proximal tap or “central Tinel” sign

Findings/Conclusions: The authors speculated that the proximal tap sign relates to the functional reorganization of central nociceptor systems.
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