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Objective: To characterize neuropathic pain in patients with spinal cord injury (SCI) according to classification
used in the study by Baron et al. (Baron classification), a classification of neuropathic pain based on the
mechanism. To also compare the patterns of neuropathic pain in SCI patients with those in patients with other
etiologies and to determine the differences in patterns of neuropathic pain between the etiologies.

Methods: This was a descriptive cross-sectional study. We used the Baron classification to investigate the
characteristics of neuropathic pain in SCI. Sixty-one SCI patients with neuropathic pain (The Leeds assessment
of neuropathic symptoms and signs score >12) were enrolled in this study between November 2012 and August
2013, after excluding patients <20 of age, patients with visual analog scale (VAS) score <3, pregnant patients, and
patients with systemic disease or pain other than neuropathic pain.

Results: The most common pain characteristic was pricking pain followed by electrical pain and numbness. The
mean VAS score of at-level neuropathic pain was 7.51 and that of below-level neuropathic pain was 6.83. All of the
patients suffered from rest pain, but 18 (54.6%) patients with at-level neuropathic pain and 20 (50.0%) patients
with below-level neuropathic pain suffered from evoked pain. There was no significant difference in between at-
level and below-level neuropathic pains.

Conclusions: The result was quite different from the characteristics of post-herpetic neuralgia, but it was similar to
the characteristics of diabetic neuropathy as shown in the study by Baron et al., which means that sensory nerve
deafferentation may be the most common pathophysiologic mechanism of neuropathic pain after SCI. Since in
our study, we included short and discrete symptoms and signs based on diverse mechanisms, our results could be
helpful for determining further evaluation and treatment.
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Spinal cord injury (SCI) causes impairments in mo-
tor function and decreased sensory function along with
many other complications. One of the major complica-
tions is chronic pain [1,2]. Not only is chronic pain dis-
abling by itself, but it also interferes with the patient’s
participation in rehabilitation and leads to other com-
plications, such as cognitive dysfunction, emotional
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changes, and overall poor quality of life [2-4]. Accord-
ing to previous studies, an average of about two-thirds
of people with SCI report some form of pain and nearly
one-third rate their pain as severe [5]. Recent studies re-
ported that the prevalence of pain was as high as 77% to
86% [5-7]. The International Association for the Study of
Pain broadly classified pain following SCI into nocicep-
tive and neuropathic pain, and defined neuropathic pain
as pain caused by a lesion or disease of the somatosen-
sory nervous system [8]. Neuropathic pain is caused by
dysfunctions in the peripheral or central nervous system
without peripheral nociceptive stimulation, and the clin-
ical features of neuropathic pain are similar regardless of
the underlying causes [9,10].

Therefore, many studies have been conducted for the
treatment of neuropathic pain, but studies that provide a
validated rationale and information on the drugs having
an effect on specific pain characteristics are lacking. The
main cause for this occurrence is thought to be the lack of
consensus on the selection of specific pain characteris-
tics and its underlying mechanism, as well as the lack of a
specific definition of the primary outcome. To overcome
this problem, Baron et al. [11] studied patients with dia-
betic polyneuropathy and post-herpetic neuralgia, and
classified neuropathic pain into five clusters according
to the distribution of pain characteristics; the findings
were associated with the mechanism of pain. Using this
classification, we can identify the most appropriate pa-
tient subgroup that would respond optimally to a specific
medication. Specific symptom profiles of patients with
neuropathic pain are required for performing meaningful
clinical research and patient selection.

Many clinical studies on neuropathic pain after SCI re-
port the pain frequency and characteristics, but studies
on pain characteristics based on the mechanism are rare,
especially using the classification put forward by Baron et
al. [11]. The first aim of the present study was to describe
and evaluate the characteristics of neuropathic pain in
patients with SCI. The second aim was to compare the
patterns of neuropathic pain in SCI patients with those in
patients with other etiologies, and to determine the dif-
ferences in patterns of neuropathic pain between etiolo-
gies.
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MATERIALS AND METHODS

Subjects

This was a descriptive cross-sectional study. The sur-
vey was performed between November 2012 and August
2013. Sixty-one SCI patients who were suffering from at-
level neuropathic pain and/or below-level neuropathic
pain were enrolled in this study. Since we evaluated at-
level neuropathic pain and below-level neuropathic
pain separately, the total data set used for the analysis
included 73 assessments. We used the Leeds assessment
of neuropathic symptoms and signs (LANSS) score [12]
to confirm neuropathic pain, and patients with a LANSS
score of 12 and above were enrolled in the study. Exclu-
sion criteria were the patients with a visual analog scale
(VAS) pain score lower than 3, pregnant patients, patients
with systemic disease, and patients less than 20 years of
age. Patients suffering from pain other than neuropathic
pain were excluded to avoid interference from other pain
types. Therefore, patients with urinary infection, hetero-
topic ossification, pressure ulcers, and severe spasticity
(Ashworth score of 3 or more), i.e., patients having severe
pain that may alter the severity and characteristics of
neuropathic pain, were also excluded [6].

Methods

All of the patients were examined and classified ac-
cording to the International Standards for Neurological
Classification of Spinal Cord Injury (2011). We recorded
the demographic and clinical characteristics of each
patient. All of the patients with neuropathic pain were
assessed for the initial pain characteristic and intensity
using the VAS after discontinuation of prior medication
for 3 days. We used the same classification as that used in
the study by Baron et al. [11], in which the patients were
divided according to the characteristics of neuropathic
pain, to evaluate the symptoms and signs of neuropathic
pain in SCI patients. The symptoms and signs of neuro-
pathic pain were divided into rest pain and evoked pain.
Rest pain included spontaneous electric shock-like pain,
burning pain, pricking pain, and numbness. Evoked pain
included allodynia, heat hyperalgesia, and pressure hy-
peralgesia. After categorizing neuropathic pain, we eval-
uated the severity of pain using the VAS score. Also, we
subdivided neuropathic pain into ‘at-level’ neuropathic
pain and ‘below-level’ neuropathic pain [13]. At-level
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neuropathic pain is the neuropathic pain that occurs at
the neurological level of injury and two segments above
and below the neurological level of injury, and it can be
further divided into radicular or central pain. This pain is
usually thought to be due to nerve root pathology (radic-
ular) or changes within the spinal cord or possibly supra-
spinal structures (central). Below-level neuropathic pain
is present at least three segments below the neurological
level of injury and is due to lesions in the spinothalamo-
cortical pathways [14]. The distribution of neuropathic
pain in SCI patients was compared to that of neuropathic
pain in patients with diabetes and post-herpetic neural-
gia, as described in the study by Baron et al. [11] .

Statistical analysis

Statistical analyses were conducted using SPSS ver.
19.0 (IBM, Armonk, New York, USA). For the comparison
of differences between complete and incomplete SCI
patients, independent t-tests and chi-square tests were
used. The results are presented as meanztstandard devia-
tion or percent. The p-values of <0.05 were considered
statistically significant.

RESULTS

The demographic and clinical characteristics of the
patients are listed in Table 1. The average patient age was
50 years and the number of males was 24 (39.3%). There
were 44 chronic SCI patients (72.1%) and the neurologi-
cal level of injury was cervical in 25 patients, thoracic in
30 patients, lumbar in 5 patients, and sacral in 1 patient.
The number of patients with complete injury (American
Spinal Injury Association [ASIA] A) was 16 (26.2%), and
the number of patients with incomplete injury (ASIA B, C,
D) was 45 (73.8%). Of the 61 patients, 33 patients (54.1%)
suffered from at-level neuropathic pain, 40 patients
(65.6%) suffered from below-level neuropathic pain,
and 12 patients (19.7%) suffered from both at-level and
below-level neuropathic pains.

The mean VAS scores of at-level neuropathic pain
ranged from 6.31 (numbness) to 10.00 (cold hyperalge-
sia), and the mean VAS scores of below-level neuropathic
pain ranged from 5.58 (heat) to 7.75 (cold hyperalgesia).
Among the characteristics of neuropathic pain, pricking
(27 patients, 81.8%) was the most common pain char-
acteristic in patients with at-level neuropathic pain, fol-

Table 1. Demographic and clinical characteristics of pa-
tients (n=61)

Variable Value
Age (yr) 50.24+11.35 (20-82)
20-29 1(1.6)
30-39 10 (16.4)
40-49 18 (29.5)
50-59 22 (36.0)
60-69 7 (11.5)
>70 3(4.9)
Sex
Male 24(39.3)
Female 37 (60.7)
Height (cm) 167.22+7.11 (147-183)
Weight (kg) 63.62+9.77 (35-81)
BMI (kg/m?) 22.71%2.99 (13.8-29.7)
Onset
Acute (<6 m) 17 (27.9)
Chronic (>6 m) 44 (72.1)
Neurological level of injury
Cervical 25 (41.0)
Thoracic 30 (49.2)
Lumbar 5(8.2)
Sacral 1(1.6)
Type of injury
Complete injury (ASIA A) 16 (26.2)
Incomplete injury 45 (73.8)
ASIA B 4(6.6)
ASIA C 16 (26.2)
ASIA D 25 (41.0)
Level of pain
At-level 33 (54.1)
Below-level 40 (65.6)
At-level & below-level 12 (19.7)

Values are presented as mean+tstandard deviation (range)
or number (%).

BMI, body mass index; ASIA, American Spinal Injury As-
sociation.

lowed by electrical pain (26 patients, 78.8%) and numb-
ness (21 patients, 63.6%). Also, the most common pain
characteristic described by patients with below-level
neuropathic pain was pricking (28 patients, 70.0%), fol-
lowed by numbness (25 patients, 62.5%) and electrical
pain (23 patients, 57.5%) (Table 2).
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Table 2. Comparison of prevalence of at-level neuropathic pain and below-level neuropathic pain

At-level neuropathic

Below-level neuropathic

Variable pain (n=33) pain (n=40) p-value* Lo Gre=ck)

C I Total C I Total C I Total
Electrical  8(100.0) 18(72.0) 26(78.8) 5(55.6) 18(58.1) 23(57.5) 0.05  13(76.4) 36(64.3) 49(67.1)
Burning  2(25.0) 9(36.0) 11(33.3) 3(33.3) 8(25.8) 11(27.5)  0.59 5(29.4) 17(30.4) 22(30.1)
Pricking  7(87.5) 20(80.0) 27(81.8) 6(66.7) 22(71.0) 28(70.0) 0.24  13(76.4) 42(75.0) 55(75.3)
Numbness 4 (50.0) 17(68.0) 21(63.6) 5(55.6) 20(64.5) 25(62.5)  0.92 9(52.9) 37(66.1) 46 (63.0)
Allodynia  3(37.5) 9(36.0) 12(36.4) 1(11.1) 11(35.5) 12(30.0)  0.57 4(23.5) 20(35.7) 24(32.9)
Heat 3(37.5) 3(12.0) 6(182) 0(0.0) 6(19.4) 6(15.0) 0.72 3(17.6) 9(16.1) 12(16.4)
Pressure  3(37.5) 6(24.0) 9(27.3) 0(0.0) 9(29.0) 9(22.5) 0.64 3(17.6) 15(26.8) 18(24.7)
Cold 1(12.5) 0(0.0) 1(3.0) 1(11.1) 3(9.7) 4(10.0) 0.37 2(11.8) 3(5.4) 5(6.8)

Values are presented as number (%).
C, complete injury; I, incomplete injury.
*p<0.05.

Table 3. Comparison of VAS score of at-level neuropathic pain and below-level neuropathic pain

At-level neuropathic

Below-level neuropathic

Variable pain (n=33) pain (n=40) p-value* gotiaec))
C I Total C I Total C I Total
Electrical 7.25 7.86 7.67 7.60 7.36 7.41 0.57 7.38 7.61 7.55
Burning 7.75 6.67 6.86 6.83 7.38 7.23 0.80 7.20 7.00 7.05
Pricking 6.43 7.83 7.46 7.83 7.39 7.48 0.79 7.08 7.60 7.47
Numbness 6.25 6.32 6.31 5.30 7.05 6.70 0.71 5.72 6.72 6.52
Allodynia 6.00 7.33 7.00 7.50 6.41 6.50 0.89 6.38 6.83 6.75
Heat 9.33 5.33 7.33 0.00 5.58 5.58 0.35 9.33 5.50 6.46
Pressure 6.67 7.83 7.44 0.00 5.94 5.94 0.34 6.67 6.70 6.69
Cold 10.0 0.00 10.00 10.0 7.00 7.75 0.40 0.00 7.00 8.20
Mean VAS 7.46 6.15 7.51 5.63 6.76 6.83 - 7.47 6.87 7.09
VAS, visual analog scale; C, complete injury; I, incomplete injury.
*p<0.05.
The mean VAS score of at-level neuropathic pain was  DISCUSSION

7.51 and the mean VAS score of below-level neuropathic
pain was 6.83. No significant difference was observed in
the pain characteristics between the two groups (Table 3;
Figs. 1, 2).

When we grouped the prevalence of pain according
to pain characteristics, all of the patients enrolled in
this study suffered from rest pain (100.0%), whereas 18
patients (54.6%) with at-level neuropathic pain and 20
patients (50.0%) with below-level neuropathic pain suf-
fered from evoked pain. No significant differences were
observed in the prevalence of rest pain and evoked pain
between the two groups (Table 4, Fig. 3).
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There have been many studies on the prevalence and
features of neuropathic pain after SCI, since neuropathic
pain is common. The two widely used classifications in
rehabilitation medicine are Bryce/Ragnarsson spinal
cord injury pain taxonomy and International Spinal Cord
Injury Pain Classification, which categorize pain based
on the etiology and location [13,15,16]. However, some
studies demonstrate that for achieving a better treatment
outcome, it would be more appropriate to use the mech-
anism-based classification rather than the etiology-based
classification [17,18]. Unfortunately, there have been few
studies that systemically describe the characteristics of
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Fig. 1. Prevalence and average visual analog scale (VAS)
score (rest pain). Among the characteristics of neuro-
pathic pain, pricking was the most common pain char-
acteristic in patients with at-level neuropathic pain and
below-level neuropathic pain, followed by electrical pain
and numbness. The mean VAS score of at-level neuro-
pathic pain was 6.89 and that of below-level neuropathic
pain was 7.79. There was no significant difference in the
prevalence and VAS score of neuropathic pain between
the two groups.
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Fig. 2. Prevalence and average visual analog scale (VAS)
score (evoked pain). Among the characteristics of neuro-
pathic pain, pricking was the most common pain char-
acteristic in patients with at-level neuropathic pain and
below-level neuropathic pain, followed by electrical pain
and numbness. The mean VAS score of at-level neuro-
pathic pain was 7.28 and that of below-level neuropathic
pain was 6.54. There was no significant difference in the
prevalence and VAS score of neuropathic pain between
the two groups.

Table 4. Comparison of prevalence of rest pain and evoked pain

At-level neuropathic pain

Below-level neuropathic pain

Total (n=73)

Variable (n=33) (n=40) p-value*

C I Total C Total C I Total
Rest 8(100.0) 25 (100.0) 33 (100.0) 9(100.0) 31 (100.0) 40 (100.0) - 17 (100.0) 56 (100.0) 73 (100.0)
Evoked 5(62.5) 13(52.0) 18(54.6) 2(22.2) 18(58.1) 20(50.0) 0.70  7(41.2) 31(55.4) 38(52.1)

Values are presented as number (%).
C, complete injury; I, incomplete injury.
*p<0.05

neuropathic pain based on the mechanism. Only recent-
ly, the characteristics of neuropathic pain based on the
mechanism were described in a study by Baron et al. [11].
Although the researchers focused on neuropathic pain
associated with diabetes and post-herpetic neuralgia, the
classification was based on the underlying mechanism of
neuropathic pain and could be applied to SCI patients as
well. After peripheral nerve injury, new channel forma-
tion, up-regulation, down-regulation, and new expres-
sion of receptors can occur. This change is similar to the
phenomenon which occurs after spinal cord and brain
injury [17]. Baron classification used symptom profiles in

the painDETECT questionnaire and classified them into
5 clusters. The painDETECT questionnaire was based on
the characteristic clinical neuropathic symptoms [19],
and there are concerns that the individual pattern of sen-
sory symptoms can be closely related to the mechanisms
of pain [11,20,21]. It is considered that the mechanism of
evoked pain—thermal (heat and cold), pressure, and al-
lodynia-is related with central sensitization. With respect
to rest pain, attack (electrical) and pricking pain symp-
toms are known to be related with ectopic or ephaptic
discharges that are spontaneously generated by all types
of fibers due to the processes like damaged Na+ channel

WWW.e-arm.org

331



Joon Young Jang, et al.

[] Restingpain Il Evoked pain

100
90
80
70+
60
50
40
30
20 A
10

%

At-level Below-level Total

Fig. 3. Prevalence of rest pain and evoked pain. All of the
patients enrolled in this study suffered from rest pain,
whereas about half of the patients suffered from evoked
pain. No significant differences were observed in the
prevalence of rest pain and evoked pain between the two
groups.

(leaking) or overactivated Na+ channels. On the other
hand, the spontaneous activity of unmyelinated fibers
mainly triggers burning and numbness. However, further
studies are required [21-23]. The present study used the
Baron classification [11] to evaluate the characteristics of
neuropathic pain after SCI.

We found that there was no difference in the prevalence
of at-level neuropathic pain and below-level neuro-
pathic pain, and the most common pain characteristic
was pricking pain (in 81.8% of patients with at-level
neuropathic pain and in 70.0% of patients with below-
level neuropathic pain). The next most common pain
characteristics were electrical pain (in 78.8% of patients
with in at-level neuropathic pain and in 57.5% of patients
with below-level neuropathic pain) and numbness (in
63.6% of patients with at-level neuropathic pain and in
62.5% of patients with below-level neuropathic pain).
This result was quite different from the characteristics of
previous studies on post-herpetic neuralgia. Out of the
seven pain characteristics, prickling pain was the fifth
most frequent (38%), while numbness was the least fre-
quent (14%). However, it was similar to that in diabetic
neuropathy; out of the seven pain characteristics, prick-
ling pain was the most frequent (35%), while numbness
was the third most frequent (30%) as described by Baron
et al. [11]. This means that sensory nerve deafferentation
may be the most common pathophysiologic mechanism
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of neuropathic pain after SCI. However, this result should
be interpreted carefully due to the limited number of
participants and the lack of cluster analysis. Further-
more, same symptoms can develop due to two or more
mechanisms, and also in one disease, spectrum of di-
verse mechanisms influences each individual differently
[17]. In previous studies, the most frequently used words
to describe neuropathic pain were throbbing, tiring, hot
and tingling, electric shock, pins and needles, burning,
numb, hot, pressure, squeezing, and shooting; the aver-
age VAS scores ranged from 5.16 to 6.38 according to the
time after injury [6,22,24] . However, these characteristics
of neuropathic pain were diverse and were not based on
a mechanistic classification. The results of the present
study show the diverse nature of neuropathic pain in SCI
patients, but they may not be helpful in further studies
including symptom- and sign-based treatments. Since we
included short and discrete symptoms and signs based
on diverse mechanisms in our study, our results could be
helpful for determining further evaluation and treatment.

We also subgrouped the pain characteristics into two
subgroups, i.e., rest pain and evoked pain. Each pa-
tient complained of rest pain, but about 50% of patients
complained of evoked pain. Based on these results, we
think that drugs that interfere with sensory nerve deaf-
ferentation would be the most suitable for the treatment
of neuropathic pain after SCI, although further studies
are required because many patients reported different
pain characteristics. There have been many studies on
the treatment of neuropathic pain, and many drugs, such
as nonsteroidal anti-inflammatory drugs, opiates, anti-
depressants, antiepileptics, etc., have been found to be
effective in treating neuropathic pain. Gabapentin was
found to be effective in clinical trials for diabetic neurop-
athy, post-herpetic neuralgia, neuropathic pain after SCI,
cancer, and other neuropathic pain [25-28]. Pregabalin,
an antiepileptic drug similar to gabapentin, was found to
be effective in studies on diabetic neuropathy, post-her-
petic neuralgia, and neuropathic pain after SCI [29-32].
Other drugs, such as topical lidocaine, venlafaxine, and
bupropion, have also been found to be effective in treat-
ing neuropathic pain [33-35]. However, cross-sectional
studies have revealed that patients with neuropathic pain
continue to experience moderate pain even while taking
the prescribed medications [36-38]. Also, these stud-
ies did not analyze subgroups of patients with similar
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clinical phenomena and described the effect of drugs by
comparing the general responses to the drugs rather than
by investigating the mechanism of pain. Finally, there
is a lack of information on how drugs affect the specific
symptoms and signs of pain [39]. A more systematic and
effective approach would be to develop treatment guide-
lines for the effects of drugs based on symptoms.

A limitation of the current study is that only 61 SCI pa-
tients were included. Therefore, we could not perform a
cluster analysis as that performed in the study by Baron
etal. [11].
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