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Treatment of Spinal Cord Injury Pain
Pain following spinal cord injury (SCI) is a significant problem for which no single
treatment is effective over the long term. SCI pain is broadly classified into nociceptive
(musculoskeletal and visceral) pain and neuropathic (above-level, at-level, and belowlevel) pain.1 Different mechanisms subserve these various types of pain. It is possible that
a careful analysis of underlying mechanisms may improve therapy options.2
Pharmacological and nonpharmacological treatments have been applied , but only a few
have been assessed in randomized controlled trials (RCTs).3,4 This issue of Pain: Clinical
Updates, the third in a series of papers by the SCI Pain Task Force of IASP on this
complex and challenging clinical condition,1,2 summarizes treatment of SCI pain.
Pharmacological Treatments
RCTs are now accepted as the "gold standard" in clinical analgesic trials. Of eight
double-blind RCTs on drug treatment of pain after SCI (Table 1), four were negative. The
small number of subjects per trial (7–21) raises the possibility of type II error (i.e., the
trial is inadequate to detect a true positive effect). At present, therefore, the best available
evidence includes case reports and uncontrolled trials.
Table 1. Randomized, double-blind, placebo-controlled trials of therapies for at-level or below-level pain
in SCI patients.

Trial

Pain Condition

Sample Drug
Size (Final Daily Dose)

Design

Study Duration

Outcome

NNT
(95%
CI)

Davidoff et At- or below-level
al. 19877
neuropathic pain

18

Trazodone
hydrochloride
(150 mg)

Parallel

8 weeks

Tra = pla

9*
(1.8–∞ )

Loubser et
al. 199118

At- or below-level
neuropathic pain

21

Lidocaine, s.a.
(50–100 mg)

Crossover

2 injections, 1
hour apart

Lid > pla

3.5
(1.8–37)

Herman et

Below-level

7

Baclofen, i.t. (50 μ g)

Cross-

2 infusions on

Bac > pla

NA

al. 199236

neuropathic and
spasm-related
pain†

Drewes et
al. 199413

At- or below-level
neuropathic pain

20

Valproate
(600–2400 mg)

Eide et al.
199524

At- or below-level
neuropathic pain

9

Ketamine, i.v. (180 μ Crossg/kg) or alfentanil, i.v. over
(19 μ g/kg)

over

successive days

Crossover

2 x 3 weeks, 2
weeks washout

Val = pla

10
(2.7–∞ )

3 infusions, 2
hours apart

Ket > pla

NA

Alf > pla
Ket = alf

Chiou-Tan At- or below-level
et al. 199619 neuropathic pain

11

Mexiletine (450 mg)

Crossover

2 x 4 weeks; 1week washout

Mex = pla

NA

Attal et al.
200017

At- or below-level
neuropathic pain

10

Lidocaine, i.v.
(5 mg/kg)

Crossover

2 x 30 min, 3
weeks apart

Lid > pla‡

5§
(1.6–∞ )

Siddall et al. At- or below-level
200025
neuropathic pain

15

Morphine, i.t. (0.75
mg) and clonidine, i.t.
(50 μ g), singly + in
combination

Crossover

Minimum 4
injections, 1
day apart

Mor = pla

7.5#
(2.1–∞ )

Clon = pla
Mor/clon > pla

Abbreviations: i.t. = intrathecal; i.v. = intravenous; NNT = number needed to treat; NA = not accessible
from article; pla = placebo; s.a. = subarachnoidal.
* Patient global assessment of efficacy as significant.
† Spinal cord lesions including multiple sclerosis, epidural abscess, and transverse myelitis.
‡ Conclusion based on all 16 patients in the study (SCI and stroke).
§ NNT based on SCI patients. Apparent insensitivity of NNT to differences in outcome reflects NNT
estimation from dichotomized data.4
# NNT for morphine in combination with clonidine. See comment on NNT in footnote above.

Antidepressants
Numerous studies document the benefit of antidepressants (ADs) in peripheral
neuropathic chronic pain conditions.5,6 In the only controlled study of an AD for SCI
pain, Davidoff et al. found trazodone, a presynaptic serotonin reuptake blocker, to be no
more effective than placebo in treating diffuse burning and tingling sensations.7 Side
effects of trazodone included drowsiness, dry mouth, dizziness, increased spasticity, and
urinary retention. An uncontrolled study by Heilporn found that 8 of 11 SCI patients with
diffuse pain responded to a combination of melitracen (150 mg p.o.) and flupenthixol (3
mg p.o.) daily.8 Fennolosa and associates reported that 25 of 33 SCI patients with various
types of pain obtained "satisfactory" pain relief with amitriptyline plus clonazepam in
combination with either (1) an NSAID, (2) 5-OH-tryptophan and TENS, or (3) spinal
cord stimulation.9 Two case reports document the benefit of a combination of an
antidepressant and an anticonvulsant drug on neuropathic SCI pain.10,11
Anticonvulsants
Anticonvulsant drugs have been used in pain management since the 1960s and are
effective in trigeminal neuralgia, diabetic neuropathy, and migraine prophylaxis.12 In the
only controlled study to address SCI pain, Drewes et al. observed an insignificant
analgesic beneficial effect of valproate, with a trend toward improvement in most of the

McGill Pain Questionnaire subscores.13 Gibson and White reported reduction of pain by
carbamazepine in two patients with traumatic complete paraplegia.14 Zachariah et al.
described the beneficial effect on both spasticity and pain in two of three patients with
valproate.15 In a case of SCI pain, Ness et al. detected a good effect of gabapentin on
episodic unilateral pain.16
Sodium Channel Blockers
Local anesthetics and antiepileptics are thought to reduce ectopic discharges from
peripheral injured afferents by blocking voltage-gated sodium channels, but the exact
mechanism by which lidocaine may reduce central pain is unknown. Lidocaine is not
orally bioavailable, and its oral analogue mexiletine often is not tolerated because its
unselective sodium channel-blocking action can produce side effects such as diarrhea.
More selective blockers of sodium channels may be available in the future.
Three RCTs on lidocaine or mexiletine have been published. In a double-blind
crossover trial, Attal et al. studied the effect of intravenous (i.v.) lidocaine on different
components of neuropathic pain in 16 patients with chronic post-stroke pain (n = 6) or
SCI pain (n = 10).17 Lidocaine decreased spontaneous ongoing pain, brush-induced
allodynia, and mechanical hyperalgesia, but was no better than placebo against thermal
allodynia and hyperalgesia. Six of 10 SCI patients receiving lidocaine showed a
significant (50% or more) reduction in spontaneous pain compared to 4 of 10 with
placebo, and brush-evoked allodynia (seen in 5 patients) was reduced in 3 after lidocaine
compared to 1 after placebo. Loubser and Donovan gave subarachnoidal lidocaine (i.e.,
spinal anesthesia) or placebo to 21 patients with constant (most often burning) or
paroxysmal stabbing pain at or below the level of traumatic SCI.18 Spinal anesthesia
decreased pain significantly (P < 0.01) compared to placebo. Individual responses to
diagnostic spinal anesthesia varied greatly. Chiou-Tan et al. reported that mexiletine had
no significant beneficial effect on SCI pain as measured on visual analogue scales or the
McGill Pain Questionnaire.19 Pollock et al. described the beneficial effect of intrathecal
(i.t.) tetracaine hydrochloride delivered above the level of injury in four SCI patients with
blocked spinal fluid flow and chronic distal pain.20 Distal pain disappeared and returned
at a time consistent with the patient’s recovery from anesthesia. When i.t. tetracaine was
given below the level of the lesion and spinal fluid block, the distal burning pain did not
disappear. Backonja and Gombar observed partial pain relief after i.v. lidocaine in two
patients with SCI. 21
Opioids
Opioids are commonly believed to be ineffective in treating central pain, but some
observations contradict this view (see reviews by Portenoy et al.22 and Hammond23). Two
placebo-controlled trials have evaluated opioids in the treatment of SCI pain. Eide and
associates studied the effects of i.v. infusion of alfentanil, ketamine, or placebo on
continuous, intermittent, and evoked pain in nine SCI patients.24 Alfentanil (a µ-opioid
receptor agonist) and ketamine (an NMDA-receptor antagonist) each had a significant
analgesic effect on both continuous and evoked pain. Siddall et al. found that the
combination of i.t. morphine and clonidine produced significantly greater relief of
neuropathic SCI pain than saline placebo.25 Neither morphine nor clonidine alone
produced significant pain relief. The concentration of morphine in the cervical CSF was

correlated with pain relief. In a single-blind case series by Glynn et al., epidural morphine
had an analgesic effect in 5 of 14 patients with neuropathic pain after SCI.26 In a single
case report, oral Δ-9-tetrahydrocannabinol (THC, 5 mg) and codeine (50 mg) had a
greater analgesic effect on painful dysesthesias in comparison with placebo.27 In a case
series, pain and spasticity improved in 8 of 12 SCI patients given continuous i.t. infusion
of morphine (0.3–1.0 mg/day).9 Six of the eight patients were alive after 3 years of
continuous i.t. morphine, with minimal tolerance.
Clonidine
There are few data on clonidine, an α2-adrenergic agonist, for the treatment of SCI pain.
In the controlled study by Siddall et al. discussed above, i.t. clonidine in combination
with i.t. morphine had an analgesic effect.25 Glynn et al. reported that 10 of 15 patients
receiving epidural clonidine (150 m g) for neuropathic pain after SCI had a decrease in
pain intensity.26 Petros and Wright described a patient with paraplegia after SCI who
obtained good relief of pain with epidural clonidine and moderate relief with oral
clonidine.28 Intrathecal infusion of morphine in combination with clonidine had a
beneficial effect on continuous and shooting central pain in one patient after traumatic
SCI.29 The combination of i.t. baclofen (a GABAB agonist) and clonidine relieved painful
anal spasms in a patient with anterior spinal artery syndrome.30
Potassium Channel Blockers
Several studies describe the positive effects of the potassium channel blocker 4aminopyridine (4-AP) on neurological status in SCI patients, and some include pain as a
secondary outcome. In a randomized, double-blind, dose-titration crossover trial of oral
sustained release 4-AP in 26 SCI patients with incomplete lesions, the drug had no
statistically significant benefits on pain (Present Pain Intensity, McGill Pain
Questionnaire).31 A randomized, double-blind study evaluated the effect of i.v. 4-AP on
neurological status in eight SCI patients.32 The authors noted improvement in
neurological status and inferred an associated reduction in chronic pain and spasticity, but
it was not quantified. In another investigation on six SCI patients, 4-AP reduced
spasticity in two patients and reduced pain in one.33
NMDA-Receptor Antagonists
Central N-methyl-d-aspartate (NMDA) receptors activated by the excitatory amino acid
glutamate are involved in the central sensitization seen in neuropathic pain (see review by
Sang34). In a controlled trial by Eide and associates,24 ketamine decreased both
continuous and evoked pain in SCI patients.
GABA-Receptor Agonists
Animal studies suggest that a decreased inhibitory influence of GABAergic
neurotransmission contributes to neuropathic pain (see review by Yezierski35). Baclofen,
a GABAB-receptor agonist, has been tested on SCI pain in one controlled and several
uncontrolled trials. Herman et al. assessed the effect of i.t. baclofen (50 μg) in seven
patients with pain and spasticity from multiple sclerosis, spinal epidural abscess, and
transverse myelitis in a double-blind randomized study.36 Baclofen significantly
decreased central neuropathic pain and spasm-related pain with temporal dissociation (the

effect of neuropathic pain occurred before the suppression of spasm-related pain), but did
not influence pinch-induced or musculoskeletal (low back) pain. Opposite results were
found in an uncontrolled study by Loubser and Akman.37 Twelve SCI patients with
spasticity and pain (six with neuropathic pain, three with musculoskeletal pain, and three
with both pain components) were assessed prior to i.t. baclofen pump implantation and
again 6 and 12 months postoperatively. At both 6- and 12-month intervals, two of nine
patients with neuropathic pain and five of six patients with musculoskeletal pain
experienced a significant decrease in pain intensity. In a pilot study by Taira et al., an i.t.
bolus injection of baclofen reduced neuropathic pain in three of six patients with SCI.38
The effect appeared 1–2 hours after the injection and persisted for 10–24 hours. Propofol,
a GABAA-receptor agonist, was studied in a placebo-controlled, double-blind crossover
trial in 32 patients with nonmalignant pain, eight of whom had SCI pain.39 Of these eight
patients, all had better pain relief with propofol than with placebo, although P values
were not reported. Allodynia (seen in five of the eight SCI patients) was abolished, while
placebo had no effect. In seven patients assessed with SPECT scans, frontal,
frontoparietal, thalamic, and cortical hypoperfusion were abolished or significantly
reduced during propofol injection.
Nonpharmacological Treatments
Table 2. Literature review of relief of spinal cord injury pain with TNS, SCS, DBS, and motor cortex
stimulation.

Trial

No.SCI
Patients

Early Pain
Relief
(%)†

Late
Pain
Relief
(%)†

Follow-up
Period (months)‡

Transcutaneous Electrical Nerve Stimulation
Banerjee 197455

5

100

-

-

Davis and Lentini 197556

31

35

-

-

Hachen 197857

39

49

28

3

Heilporn 19788

3

0

-

-

Eriksson et al. 197958

11

-

64

3

Sindou and Keravel 198059

17

18

-

-

Bates and Nathan 198060

16

63

-

-

7

29

-

-

Spinal Cord Stimulation
Nashold and Friedman 197261

Lindblom and Meyerson 197562

2

50

-

-

Richardson et al. 198063

10

50

10

12

Meglio and Cioni 198264

3

0

-

-

Demirel et al. 198465

10

60

0

24

Wester 198766

4

-

25

4–60

Mittal et al. 198767

8

50

38

34–59

Meglio et al. 198968

16

44

19

1–40

Buchhaas et al. 198969

7

-

71

3–72

Spiegelmann and Friedman
199170

6

67

50

3–33

Simpson 199171

8

-

63

1/2–108

Cole et al. 199172

4

0

-

-

Tasker et al. 199273

35

-

17

>12

Cioni et al. 199574

25

36

16

3–72

Kumar et al. 199875

15

60

13

6–179

Tseng 200076

1

-

100

19

Hosobuchi 198077

11

55

45

6–114

Young et al. 198542

6

-

67

2–60

Siegfried 198743

4

-

50

6–72

Levy et al. 198744

11

36

0

24–168

Kumar et al. 199746

3

33

0

6–180

Canavero and Bonicalzi 199578

1

100

0

-

Sindou et al. 199979

3

-

100

21

Mertens et al. 199980

3

-

100

12–74

Deep Brain Stimulation

Motor Cortex Stimulation

† Preferably ≥ 50% pain relief, when this can be assessed from article.
‡ Range or mean follow-up periods, often given for all patients included in the trial, including non-SCI
patients.

Transcutaneous Electrical Nerve Stimulation (TENS)
Reports on the use of TENS in SCI patients are limited (Table 2), and controlled trials
are lacking. TENS appears to be effective in some patients with muscular pain or at-level
neuropathic pain, but not in patients with below-level pain. Leyson and associates noted
that the use of TENS was associated with postural detrusor-sphincter dyssynergia in acute
and recent (<2 years post-injury) quadriplegics,40 and recommended against the use of
TENS in this group of patients. There is no evidence that TENS is useful for the
treatment of central neuropathic pain secondary to SCI.
Spinal Cord Stimulation (SCS)
The gate control theory41 suggested that electrical stimulation of the dorsal columns of
the spinal cord might alleviate SCI pain. Blinded trials are difficult to perform because of
the need to evoke paresthesias. Published case series are presented in Table 2. Although
these trials rarely report pain type, SCS appears to be effective in some patients with
incomplete lesions, painful spasms, at-level pain, or postcordotomy pain. Poor results
have been reported in patients with complete lesions and in patients with intermittent and
burning pain. Most studies report a decline in efficacy of SCS over time.
Deep Brain Stimulation (DBS)
The number of studies on DBS for treatment of chronic pain has diminished in the last
decade. In the studies listed in Table 2, DBS was used in patients who had not responded
to conventional treatment modalities. Areas targeted for DBS included the periaqueductal
gray (PAG) and periventricular gray (PVG), the thalamic nuclei (VPL and VPM), and the
internal capsule. PVG/PAG stimulation generally has been used for nociceptive pain, and
thalamic stimulation typically has been used for treatment of deafferentation pain.
However, this pattern is not strictly followed as most studies in neuropathic pain patients
have not limited DBS treatment to thalamic nuclei.
Many of the early studies on DBS did not present results according to the type or
etiology of pain. Later studies stratified patient populations to determine which group had
the best results with DBS, and increased the follow-up period. Young et al. published a
study in 1985 in which four of six patients had at least 50% pain relief from DBS during
follow-up of 2–60 months.42 In 1987, Siegfried conducted a study that included four
patients with "paraplegic pain" who underwent DBS of thalamic nuclei (specifically
VPL).43 Two had excellent results and the other two showed an improvement in their
pain profile. These early studies display optimism for DBS treatment of chronic
intractable pain due to SCI, but none had an adequate follow-up period. In 1987, Levy et
al. published a study on DBS for chronic intractable pain that included 11 patients with
SCI.44 The mean follow-up period for this study was substantial (mean 80 months, range
24–168 months). Patients received PAG/PVG or thalamic electrodes, and three patients
had both thalamic and PAG/PVG electrodes. Although 4 of the 11 SCI patients had an
initial response to DBS (6 weeks), none had long-term benefit. Two more studies by
Kumar et al. were reported in the 1990s.45,46 In the first study, two patients with "trauma
to cord/peripheral nerves" had long-term relief during a follow-up ranging from 6 months

to 10 years,45,46 but in the second study none of the three patients with "traumatic spinal
cord injury" had long-term relief of pain (follow-up 6 months to 15 years).
In total, 14 of 26 patients (54%) in five case series had initial benefit from DBS, but
only 2 of 16 had long-term benefit: If Kumar’s first report is excluded due to lack of
information regarding the type of pain and the length of follow-up, DBS provided no
long-term benefit, and even its initial efficacy for SCI pain is unpredictable at best.
Cordotomy, Cordectomy, and Myelotomy
Uncontrolled case series on the effect of cordotomy, cordectomy, and myelotomy are
presented in Table 3. Investigators have reported benefits of cordotomy and cordectomy
for lancinating or shooting pain and possibly for evoked pain, as opposed to constant
burning or aching pain and dysesthesias. Complications include intractable contralateral
pain and dysesthesias, bladder dysfunction, impairment of sexual function, development
of muscle spasms, and further impairment of residual nervous function below the lesion.
Several authors have emphasized the need for cordotomies to be performed bilaterally,
because unilateral cordotomy leads to a high incidence of intractable contralateral pain
and dysesthesias. As with SCS and DBS, initially successful treatments are short-lived. In
patients studied by White, attempts to reestablish analgesia after return of pain by a
second or third tractotomy, although initially successful in half, nearly always ended in
failure after a year or more.47 Melzack and Loeser described five patients in whom an
entire section of the spinal cord was removed.48 One patient with shooting pain in the
back and legs had complete pain relief after a spinal cordotomy, but pain recurred 11.5
years later with exactly the same characteristics and distribution as before. Reasons for
the varied results after these surgical procedures include inconsistency in length of
follow-up periods and pain types selected, surgical procedures, skill and experience of
surgeons, and level of surgery. In a case report by Druckman and Lende, one SCI patient
with pain after a traumatic L1 lesion first had a bilateral section of the 11th and 12th
thoracic dorsal roots and then had a cord transection through the scarred 11th thoracic
segment, both with only temporary relief of pain.49 Finally he had a transection through
apparently normal cord at the junction of the 10th and 11th thoracic segments, with
lasting relief of pain during an 18-month follow-up.
There is no evidence that cordotomy or myelotomy are effective in managing the
central neuropathic pains of SCI. Rostral lesions are not indicated in cervical SCI pain
due to the likelihood of further impairment of the patient’s functional status, including
diaphragmatic innervation.
Dorsal Root Entry Zone (DREZ) Lesion
The first DREZ procedure was performed in 1976 on a patient with arm pain after
brachial plexus avulsion.50 Since then, many SCI patients have undergone this procedure
for treatment of pain (Table 3). Patients with pain in dermatomes at or just below the
level of injury, and those with unilateral pain have had good results after DREZ lesions,
but results have been less satisfactory in patients with sacral pain and have been mixed in
those with diffuse pain. Complications include CSF leaks; new weakness or sensory loss;
new paresthesias or dysesthesias; exacerbation of bowel, bladder, and sexual dysfunction;
and epidural or subcutaneous hematomas. The exact mode of action of the DREZ
procedure remains unexplained, but may involve destruction of abnormal activity in pain

neurons in the dorsal horn rostral to the level of injury (epileptiform "pain-generating
centers"), interruption of ascending pain pathways, or rebalancing of inhibitory and
excitatory inputs within a damaged sensory network.51, 52 DREZ lesions are often
performed from one or two dermatomal segments above the level of injury down to one
segment below the level of the lesion. However, Edgar et al. suggested that standard
DREZ microcoagulation may produce an insufficient degree of lesioning,53 echoing the
thoughts of Druckman and Lende.49 Edgar et al. described computer-assisted DREZ
microcoagulation in which recordings in the DREZ area at and above the injury level
identified areas of abnormal focal hyperactivity that were then ablated. In 39% of cases,
areas of focal hyperactivity were found higher than three levels above the injury site. This
technique had a higher success rate (even though 93% of patients had diffuse and/or
sacral pain, normally unresponsive to DREZ lesions), with fewer complications than
standard DREZ operations. Falci et al. published an abstract describing a new technique
to guide DREZ lesioning using spontaneous intramedullary recordings as well as
intramedullary recordings during stimulation at C-fiber frequency.54 With spontaneous
intramedullary recordings alone, 9 of 11 patients achieved 50–100% pain relief. When
both techniques were used, 21 of 25 patients achieved 50–100% pain relief.
Table 3. Literature review of relief of spinal cord injury pain with neuroablative procedures.

# SCI
Patients

Pain
Relief
(%)†

Follow-up
Period
(months)‡

Freeman and Heimburger 194681

45

96

1 1/2

Davis and Martin 194782

18

28

-

Munro 195083

68

56

-

Botterell et al. 195384

8

63

24–96

White 196547

13

62

12–144

Porter et al. 196685

34

62

96–240

White and Sweet 196986

2

50

48

Melzack and Loeser 197848

5

20

138

Jefferson 198387

19

79

-

Tasker et al. 199273

88

31

>12

Trial
Cordotomy/Cordectomy

Cordomyelotomy

Pagni and Canavero 199588

3

67

>120

Nashold and Ostdahl 197989

2

100

9

Nashold and Bullitt 198151

13

85

5–38

Samii and Moringlane 198490

5

80

-

Richter and Seitz 198491

2

0

-

Powers et al. 198452

9

67

2–19

Wiegand and Winkelmüller 198592

20

60

5–34

Friedman and Nashold 198693

56

50

6–72

Powers et al. 198894

11

45

24

Young 199095

26

62

Up to 60

Kumagai et al. 199096

4

50

11–30

Edgar et al. 199353

46

92

2–96

Sampson et al. 199597

39

74

36

Rath et al. 199798

14

50

52

Falci et al. 199954

36

83

3–60

Dorsal Root Entry Zone Lesion

† Preferably ≥ 50% pain relief, when this can be assessed from article.
‡ Range or mean follow-up periods, often given for all included patients in the trial including non-SCI
patients.

Conclusions
Pain is a major complaint in patients with SCI. Many patients experience several
different types of pain and spasticity. Large-scale RCTs clearly are needed for both
pharmacological and nonpharmacological treatments. Different types of pain must be
characterized by careful clinical evaluation that may permit clinicians to make an even
more effective choice for their patients among existing treatments. To complement this
work, basic research must continue to identify central mechanisms and potential future
therapeutic targets of SCI pain.
Acknowledgments
Support of the SCI Pain Task Force of the IASP is gratefully acknowledged. This report
was generated in consultation with members of this Task Force.

References
1 Siddall PJ, et al. IASP Newsletter 2000; 3-7.
2 Vierck CJ, et al. Pain 2000; in press.
3 Jadad AR, Cepeda MS. Pain: Clin Updates 1999; VII(2):1-4.
4 Wiffen P. Pain: Clin Updates 2000: 8(1):1-4.
5 Sindrup SH. In: Yaksh TL et al. (Eds). Anesthesia: Biological Foundations. Philadelphia: Lippincott-Raven, 1997, pp 987-997.
6 McQuay HJ, et al. Pain 1996; 68:217-227.
7 Davidoff G, et al. Pain 1987; 29:151-161.
8 Heilporn A. Paraplegia 1978; 15:368-372.
9 Fenollosa P, et al. Paraplegia 1993; 31:722-729.
10 Sandford PR, et al. Arch Phys Med Rehabil 1992; 73:300-301.
11 Canavero S, Bonicalzi V. Pain 1996; 68:179-181.
12 McQuay H, et al. BMJ 1995; 311:1047-1052.
13 Drewes AM, et al. Paraplegia 1994; 32:565-569.
14 Gibson JC, White LE. J Neurosurg 1971; 35:287-290.
15 Zachariah SB, et al. Am J Med Sci 1994; 308:38-40.
16 Ness TJ, et al. Pain 1998; 78:139-143.
17 Attal N, et al. Neurology 2000; 54:564-574.
18 Loubser PG, Donovan WH. Paraplegia 1991; 29:25-36.
19 Chiou-Tan FY, et al. Am J Phys Med Rehabil 1996; 75:84-87.
20 Pollock RW, et al. Arch Neurol Psychiatry 1951; 65:319-322.
21 Backonja M, Gombar KA. J Pain Symptom Manage 1992; 7:172-178.
22 Portenoy RK, et al. Pain 1990; 43:273-286.
23 Hammond DL. In: Casey KL (Ed). Pain and Central Nervous System Disease. New York: Raven Press, 1991, pp 233-242.
24 Eide PK, et al. Neurosurgery 1995; 37:1080-1087.
25 Siddall PJ, et al. Anesth Analg 2000; 91:1-6.
26 Glynn CJ, et al. Lancet 1986; 2:1249-1250.
27 Maurer M, et al. Eur Arch Psychiatry Neurol Sci 1990; 240:1-4.
28 Petros AJ, Wright RM. Lancet 1987; 1:1034.
29 Siddall PJ, et al. Pain 1994; 59:147-148.
30 Middleton JW, et al. Arch Phys Med Rehabil 1996; 77:824-826.
31 Potter PJ, et al. J Neurotrauma 1998; 15:837-849.
32 Hansebout RR, et al. J Neurotrauma 1993; 10:1-18.
33 Hayes KC, et al. J Neurotrauma 1994; 11:433-446.
34 Sang CN. J Pain Symptom Manage 2000; 19:S21-S25.
35 Yezierski RP. Pain 1996; 68:185-194.
36 Herman RM, et al. Clin J Pain 1992; 8:338-345.
37 Loubser PG, Akman NM. J Pain Symptom Manage 1996; 12:241-247.
38 Taira T, et al. Stereotact Funct Neurosurg 1995; 65:101-105.
39 Canavero S, et al. J Neurol 1995; 242:561-567.
40 Leyson JF, et al. J Urol 1979; 121:635-639.
41 Melzack R, Wall PD. Science 1965; 150:971-979.
42 Young RF, et al. J Neurosurg 1985; 62:389-396.
43 Siegfried J. Pacing Clin Electrophysiol 1987; 10:209-212.
44 Levy RM, et al. Neurosurgery 1987; 21:885-893.
45 Kumar K, et al. Neurosurgery 1990; 26:774-781.
46 Kumar K, et al. Neurosurgery 1997; 40:736-746.
47 White JC. Clin Neurosurg 1965; 13:1-19.
48 Melzack R, Loeser JD. Pain 1978; 4:195-210.
49 Druckman R, Lende R. Neurology 1965; 15:518-522.
50 Nashold BS J, et al. Adv Pain Res Ther 1976; 959-962.
51 Nashold BS J, Bullitt E. J Neurosurg 1981; 55:414-419.
52 Powers SK, et al. J Neurosurg 1984; 61:841-847.
53 Edgar RE, et al. J Spinal Disord 1993; 6:48-56.
54 Falci S, et al. J Spinal Cord Med 1999; 22:39.
55 Banerjee T. N Engl J Med 1974; 291:796
56 Davis R, Lentini R. Surg Neurol 1975; 4:100-101.
57 Hachen HJ. Paraplegia 1978; 15:353-367.
58 Eriksson MB, et al. Pain 1979; 6:335-347.
59 Sindou M, Keravel Y. Neurochirurgie 1980; 26:153-157.
60 Bates JA, Nathan PW. Anaesthesia 1980; 35:817-822.
61 Nashold BS J, Friedman H. J Neurosurg 1972; 36:590-597.
62 Lindblom U, Meyerson BA. Pain 1975; 1:257-270.
63 Richardson RR, et al. Pain 1980; 8:75-84.
64 Meglio M, Cioni B. Appl Neurophysiol 1982; 45:195-200.
65 Demirel T, et al. Neurochirurgia Stuttg 1984; 27,47-50.
66 Wester K. Acta Neurol Scand 1987; 75:151-155.
67 Mittal B, et al. Ann R Coll Surg Engl 1987; 69:104-109.
68 Meglio M, et al. J Neurosurg 1989; 70:519-524.
69 Buchhaas U, et al. Neurosurg Rev 1989; 12 Suppl 1:582-587.
70 Spiegelmann R, Friedman WA. Neurosurgery 1991; 28:65-70.
71 Simpson BA. J Neurol Neurosurg Psychiatry 1991; 54:196-199.

72 Cole JD, et al. Paraplegia 1991; 29:167-172.
73 Tasker RR, et al. J Neurosurg 1992; 77:373-378.
74 Cioni B, et al. J Neurosurg 1995; 82:35-39.
75 Kumar K, et al. Surg Neurol 1998; 50:110-120.
76 Tseng SH. J Formos Med Assoc 2000; 99:267-271.
77 Hosobuchi Y. Acta Neurochir Suppl Wien 1980; 30:219-227.
78 Canavero S, Bonicalzi V. J Neurosurg 1995; 83:1117.
79 Sindou M, et al. Abstracts: 9th World Congress on Pain. Seattle: IASP Press 1999, p 60.
80 Mertens P, et al. Stereotact Funct Neurosurg 1999; 73:122-125.
81 Freeman LW, Heimburger RF. Arch Surg 1946; 55:433-440.
82 Davis R, Martin J. J Neurosurg 1947; 4:483-491.
83 Munro D. N Engl J Med 1950; 242:1-16.
84 Botterell EH, et al. Proc R Soc Med 1953; 47:281-288.
85 Porter RW, et al. Arch Surg 1966; 92:765-770.
86 White JC, Sweet WH. Pain and the Neurosurgeon: A 40 Year Experience. Springfield, IL: CC Thomas, 1969.
87 Jefferson A. In: Lipton S, Miles Y (Eds). Persistent Pain, Vol. 4. Orlando, FL: Grune & Stratton, 1983, pp 115-132.
88 Pagni CA, Canavero S. Acta Neurol Belg 1995; 95:33-36.
89 Nashold BSJ, Ostdahl RH. J Neurosurg 1979; 51:59-69.
90 Samii M, Moringlane JR. Neurosurgery 1984; 15:953-955.
91 Richter HP, Seitz K. Neurosurgery 1984; 15:956-959.
92 Wiegand H, Winkelmuller W. Dtsch Med Wochenschr 1985; 110:216-220.
93 Friedman AH, Nashold BSJ. J Neurosurg 1986; 65:465-469.
94 Powers SK, et al. Appl Neurophysiol 1988; 51:243-254.
95 Young RF. J Neurosurg 1990; 72:715-720.
96 Kumagai Y, et al. Masui 1990; 39:632-638.
97 Sampson JH, et al. J Neurosurg 1995; 82:28-34.
98 Rath SA, et al. Stereotact Funct Neurosurg 1997; 68:161-167.

Nanna B. Finnerup
Department of Neurology and Danish Pain Research Center
Aarhus University Hospital, Denmark
Robert P. Yezierski
The Miami Project, University of Miami, Miami, Florida, USA
Christine N. Sang
Department of Anesthesia and Critical Care
Massachusetts General Hospital
Harvard Medical School, Boston, Massachusetts, USA
Kim J. Burchiel
Department of Neurological Surgery
Oregon Health Science Center
Portland, Oregon, USA
Troels S. Jensen
Department of Neurology and Danish Pain Research Center
Aarhus University Hospital, Denmark

IASP® was founded in 1973 as a nonprofit organization to foster and encourage research on pain
mechanisms and pain syndromes, and to help improve the care of patients with acute and chronic pain.
IASP brings together scientists, physicians, dentists, nurses, psychologists, physical therapists, and other
health professionals who have an interest in pain research and treatment. Information about membership,
books, meetings, etc., is available from the address below or on this IASP web page: www.iasp-pain.org.
Other free copies of back issues of the Pain: Clinical Updates newsletter are available on the IASP web
page.
Disclaimer: Timely topics in pain research and treatment have been selected for publication but
the information provided and opinions expressed have not involved any verification of the

findings, conclusions, and opinions by IASP. Thus, opinions expressed in Pain: Clinical Updates
do not necessarily reflect those of IASP or of the Officers or Councillors. No responsibility is
assumed by IASP for any injury and/or damage to persons or property as a matter of product
liability, negligence, or from any use of any methods, products, instruction, or ideas contained in
the material herein. Because of the rapid advances in the medical sciences, the publisher
recommends that there should be independent verification of diagnoses and drug dosages.

For permission to reprint or translate this article, contact: International Association for
the Study of Pain (IASP®), 909 NE 43rd St., Suite 306, Seattle, WA 98105-6020 USA;
Tel: 206-547-6409; Fax: 206-547-1703; email: IASP@locke.hs.washington.edu;
internet: www.iasp-pain.org.
Copyright © 2001, International Association for the Study of Pain®.
All rights reserved. ISSN 1083-0707.

