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ORIGINAL ARTICLE
Characteristics of neuropathic pain and its relationship with
quality of life in 72 patients with spinal cord injury

N Nagoshil, S Kaneko!, K Fujiyoshil, M Takemitsu!, M Yagil, S lizukal, A Miyakel, A Hasegawal,
M Machida!, T Konomi!, M Machida!, T Asazuma! and M Nakamura?

Study design: A cross-sectional study.

Objectives: Neuropathic pain (NP) after spinal cord injury (SCI) tends to be hard to treat, and its heterogeneous properties make it
difficult to identify and characterize. This study was conducted to assess the characteristics of SCl-related NP in detail.

Setting: A single hospital for SCI rehabilitation.

Methods: This study included 72 patients who were seen at our hospital in 2012 and 2013 and who had sustained SCI at least
3 months before enroliment. The patients completed the Neuropathic Pain Symptom Inventory (NPSI) and the Short Form (SF)-36
Health Inventory. The NPSI score was analyzed for correlations with clinical presentations of SCI and SF-36 subitems.

Results: Paresthesia/dysesthesia was the most common subtype of NP after SCI. With regard to location, below-level superficial NP
was significantly more intense than at-level pain. Patients who underwent surgery showed significantly less evoked pain compared with
patients with non-surgery. Patients reported significantly more severe pain if >1 year had elapsed after the SCI. Patients with an
American Spinal Injury Association Impairment Scale grade of B for completeness of injury reported more intense NP than those with
other grades. Among the SF-36 subitems, NP correlated significantly with bodily pain, general health and mental health.
Conclusion: NP in SCI patients was significantly associated with the location of pain, the time period since the injury, surgery and
quality-of-life factors. A more detailed understanding of the characteristics of NP may contribute to better strategies for relieving the

pain associated with SCI.

Spinal Cord (2016) 54, 656-661; doi:10.1038/sc.2015.210; published online 1 December 2015

INTRODUCTION

Pain is a persistent problem for many spinal cord injury (SCI)
patients; 65-85% of SCI patients suffer from pain, and one-third of
these characterize the pain as severe.! The pain tends to persist and
even worsen with time, especially if it begins within 6 months after
the injury.!? Pain takes a toll on the patients’ activity levels and mental
health status, reducing their quality of life (QOL).?

A classification system proposed by the International Association of
the Study of Pain divides SCI pain into nociceptive and neuropathic
pain.* Nociceptive pain, which arises from the stimulation of
peripheral nerves, is common and easily identified, as it increases
with movement. However, neuropathic pain, which is defined as pain
caused by a lesion or disease of the somatosensory nervous system,* is
harder to identify and characterize because it presents in a variety of
ways. There are few specific tools for evaluating neuropathic pain in
patients with SCI. Many studies have assessed SCI-related pain using
the Visual Analog Scale or a basic Numeric Scale;® these scales evaluate
pain intensity but do not assess subtypes of neuropathic pain. Some
studies have used the McGill Pain Questionnaire,® which is not
specific enough to evaluate the neuropathic pain in SCI patients. Other
studies have used the Leeds Assessment of Neuropathic Symptoms and

Signs”® or the Neuropathic Pain Questionnaire,” which were designed
to diagnose rather than to characterize or evaluate neuropathic pain.

The  Neuropathic  Pain  Symptom  Inventory  (NPSI)
self-questionnaire was specifically designed to evaluate the different
symptoms of neuropathic pain in both the peripheral and the central
nervous systems,10 and it has been validated for inter-user
reproducibility and for sensitivity to change.!® The NPSI divides the
characteristics of neuropathic pain into five subgroups: burning
pain, pressing (deep)
pain, paroxysmal pain, evoked pain and paresthesia/dysesthesia.
An 11-point severity rating scale (from 0 to 10) is shown under each
question. The words used as descriptors were linguistically validated to
ensure that they are both simple and sufficiently specific. These
qualities make the NPSI useful for specifying and quantifying
subjective pain in daily clinical practice. The NPSI has been validated

(superficial)  spontaneous spontaneous

in reports assessing neuropathic pain after herpes,!' carpal tunnel
syndrome!? and spinal cord tumor.!® Its application to neuropathic
pain after SCI has not been reported, although a recent study strongly
recommended using the NPSI to evaluate this pain.'*

The present study was conducted to characterize neuropathic pain
in SCI patients using the NPSI scoring system and to clarify the
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relationship between neuropathic pain and clinical presentation,
including QOL, after SCL.

MATERIALS AND METHODS

This study included 72 patients (66 males and 6 females; mean age 56.00 years)
who had sustained a SCI at least 3 months before enrollment in the study.
These patients were treated at our hospital in 2012 or 2013, as inpatients or
outpatients, and were at least 18 years of age when seen.

Neuropathic pain was classified as at-level, below-level or other pain
according to the recent updated SCI pain classification;!> briefly, at-level pain
was defined as a dermatomal or segmental distribution at the level of injury.
Leg pain in patients with an injury at the cauda equina level was classified as
at-level neuropathic pain. Below-level pain was defined as a more diffuse
distribution below the level of neurological injury. Other pain refers to
neuropathic pain that is located above, at or below the lesion site but is not
directly related to the SCI.

Completeness of injury was graded (A — D) using the American Spinal Injury
Association Impairment Scale (AIS),'® and the level of injury was defined as the
lowest level with intact neurological function. Each patient was examined
independently by two spine surgeons. Any disagreement between the surgeons
was resolved by having both surgeons re-examine the patient together and
through discussion.

Fach patient completed the NPSI'® and the Short Form (SF)-36 Health
Survey after agreeing to participate in the study. Both questionnaires were
written in Japanese, and the Japanese-language versions were validated
previously.!»!7 We investigated associations between NPSI scores and the
injury level, the location of neuropathic pain (at- or below-level), the AIS grade
for completeness of injury, the time since the injury and SF-36 scores.

This study was approved by our facility’s Institutional Review Board, and all
patients gave informed consent before enrollment.

Statistical analysis

Data were expressed as the mean +s.d. Comparisons of NPSI subscores were
assessed by the Kruskal-Wallis and Steel-Dwass tests. Comparisons of NPSI
scores with the injury level and AIS grade were assessed by the Kruskal-Wallis
test. The Mann—Whitney U-test was used to compare NPSI scores with gender,
neuropathic pain location, surgery and length of time since injury. Correlations
of NPSI scores with age and SF-36 subitems were assessed by nonparametric
Spearman’s test. A P-value <0.05 was considered statistically significant.

Statement of ethics
We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during the
course of this research.

RESULTS
The demographic data and clinical characteristics of the patients are
summarized in Table 1. The mean time between the injury and the
examination at enrollment was 73 months (range, 3-525 months).
Sixty-three out of 72 patients (87.50%) reported neuropathic pain
(Table 1).

The mean NPSI score was 13.01 +11.68 out of 50 possible points;
38 patients (52.78%) scored 10 or less (mild pain), and 34 patients
(47.22%) had a score >10 (moderate-to-severe pain). There were no
significant correlations between the NPSI score and age (P=0.575),
injury level (P=0.812) or gender (P=0.476).

Detailed analysis of the NPSI subscores showed significantly higher
scores for paresthesia/dysesthesia (3.80+2.97) than for burning
spontaneous pain  (2.46+3.21), pressing spontaneous pain
(2.27+2.69), paroxysmal pain (2.07+2.78) or evoked pain
(2.51 £2.71; Figure 1); there were no other statistically significant
differences between any two subscores. We also examined correlations
by injury level. At the cervical level, the scores for paresthesia/
dysesthesia (3.98 +2.90) were significantly higher than those for
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Table 1 Demographic and clinical characteristics

Demographics Patients (%)

Sex
Male 66 (91.67)
Female 6 (8.33)
Level
Cervical 47 (65.28)
Thoracic 15 (20.83)
Lumbar 10 (13.89)
Location
At-level 28 (38.89)
Below-level 11 (15.28)
Both (at and below) 24 (33.33)
Other 0 (0.00)
None 9 (12.50)
AlS
A 21 (29.17)
B 5 (6.94)
C 28 (38.89)
D 18 (25.00)
Treatment
Surgery 44 (61.11)
Decompression 13 (18.06)
Decompression and fusion 31 (43.06)
Conservation 28 (38.89)

Abbreviation: AIS, American Spinal Injury Association Impairment Scale.

burning spontaneous pain (2.50 +3.24), pressing spontaneous pain
(2.27 +2.56) or paroxysmal pain (2.04 +2.89; Figure 1). There were
no significant differences between subscores at the thoracic (P=0.713)
and lumbar levels (P=0.188).

To clarify the relationship between the NPSI score and the location
of neuropathic pain, we compared patients with only at-level pain
(n=28) or below-level pain (n=11); patients with both at- and
below-level pain or without pain were excluded (Table 1; Figure 2).
There was no patient classified to have other neuropathic pain. There
was a trend toward a higher total NPSI score in patients with
below-level pain (21.30+13.27) rather than at-level pain
(12.68 +£9.18; P=0.0658). A significantly higher subscore for burning
spontaneous pain was observed in patients with below-level pain
(4.70 £3.27) compared with those with at-level pain (2.18 +2.96;
P=0.0227). There were no other significant differences in the
subscores of the two groups (pressing spontaneous pain: P=0.705;
paroxysmal pain: P=0.094; evoked pain: P=0.302; paresthesia/
dysesthesia: P=0.0965).

We also analyzed the NPSI scores according to the AIS grade
for completeness of injury (Figure 3) and found that there was a
trend toward higher NPSI scores in patients with AIS grade
B (28.50+13.91) compared with those with other grades
(A: 10.76 +10.43; C: 11.81+10.23; D: 13.50 +12.10; P=10.0649).

With respect to the association of the NPSI score with surgery
(Figure 4), the patients who underwent surgery showed a lower NPSI
score (10.87+10.60) compared with the patients without surgery
(16.30 +£12.67), although there was no significant difference
(P=0.0775). When examining the NPSI subscores, however, the
patients with surgical treatment showed a significantly lower score in
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Figure 1 Total NPSI subscores and NPSI subscores according to the injury level (cervical, thoracic or lumbar). For all injury levels, the paresthesia/
dysesthesia scores were significantly higher than those for other pain subtypes. The scores for paresthesia/dysesthesia were also significantly higher than the
other subscores for cervical-level injuries. * P<0.05; ** P<0.01.

Total scores Superficial pain Deep pain
40 " £ o 8
2 30 g ° S
5 b o 6
o 2 G 2
o
7 20 a 4 a 4
0 o =
10 N 2 0 2
z o
ol 21.30 z 5 470 = 3.60
at  below at  below at  below
Paroxysmal pain Evoked pain Paresthesia/dysesthesia
o 8 o 8 o 10
] g s g 8
3 2 2 6
S 4 S 4 3
2] 0 »w 4
n 2 w2 O 2
s o 365 & o 3.90 = o 545
at below at below at below

Figure 2 NPSI scores according to at-level or below-level pain. The NPSI subscores for superficial pain were significantly higher for below-level pain than for
at-level pain. * P<0.05.

evoked pain (1.84 +2.18) than the ones with non-surgery (3.44 +3.19;
P=0.0422). In the other subscores, there were no significant
difference between the groups in burning spontaneous pain
(P=0.261), pressing spontaneous pain (P=0.161), paroxysmal pain
(P=0.0884) and paresthesia/dysesthesia (P=0.125).

Regarding the time after SCI, patients assessed >1 year after SCI
(n=37) had significantly higher NPSI scores than those assessed

NPSI score

& N N N within a year (n=35) (26.66+24.72 vs 13.27 +13.04; P=0.0027;
siSilassifeation Figure 5). In addition, a lower proportion of patients responding > 1
Figure 3 NPSI scores according to completeness of injury. NPSI scores were ~ year after SCI had at-level pain, and a higher proportion had

the highest in patients with AIS grade B (P=0.0649). below-level pain, compared with the patients who were assessed
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Figure 4 NPSI scores according to surgery. The NPSI subscores for evoked pain were significantly lower in patients who underwent surgery. * P<0.05.
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Figure 5 NPSI scores for questionnaires completed within a year after SCI
vs those completed more than a vyear after injury. Patients who
completed the NPSI >1 year after the injury had significantly higher scores.
** P<0.01.

Table 2 Location of pain in SCI within and over 1 year

Pain location <1 year > 1 year

28/37 (75.68%)
12/37 (32.43%)

24/35 (68.57%)
23/35 (65.71%)

At-level
Below-level

within a year of SCI (Table 2). These results suggest that patients
suffer more intense below-level neuropathic pain over time (Figures 2
and 5).

For the 63 patients who experienced neuropathic pain, the analysis
for correlations between the NPSI score and individual SF-36 subitem
scores found moderate but significant negative correlations between
the NPSI score and bodily pain, general health and mental health
(Table 3), but no significant correlations between the NPSI score and
the physical function, physical role, vitality, social function or
emotional role.

DISCUSSION

This study was conducted to clarify the relationships between
neuropathic pain and clinical presentation, including QOL, after
SCIL. Using the NPSI scoring system, we found that paresthesia/
dysesthesia was the most common neuropathic pain-related complaint
after SCI. Neuropathic pain was significantly associated with the
location of pain, duration after injury and QOL factors. The simple,

Table 3 Correlations between SF-36 subitems and the NPSI score

Correlation with NPSI score

Spearman’s r P-value
PF -0.0314 0.811
PR 0.0646 0.645
BP -0.4454 0.0019
GH -0.4517 0.0009
\2) -0.1119 0.411
SF -0.0724 0.602
ER -0.0651 0.645
MH -0.3333 0.0152

Abbreviations: BP, bodily pain; ER, emotional role; GF, general health; MH, mental health;
NPSI, Neuropathic Pain Symptom Inventory; PF, physical function; PR, physical role; SF, social
function; VT, vitality.

Bold entries indicate significant correlation between NPSI score and SF-36 subscores.

validated NPSI self-questionnaire was effective for assessing the
characteristics of SClI-related neuropathic pain in detail.

Of the five NPSI subtypes of neuropathic pain, paresthesia/
dysesthesia was the most commonly reported by patients with SCI.
This agrees with a previous report that the prevalence of dysesthesia
after SCI is ~80%.!® Likewise, studies using the NPSI questionnaire
report that paresthesia/dysesthesia is the most frequent and intense
type of neuropathic pain in patients with carpal tunnel syndrome'?
and postoperative intramedullary spinal cord tumor.! In contrast, the
predominant type of neuropathic pain associated with herpes zoster is
burning spontaneous pain.!! These findings indicate that the NPSI is
effective for clarifying and distinguishing the differing characteristics of
neuropathic pain in various diseases and pathological conditions.

We found that, although statistical significance was not reached,
below-level neuropathic pain was more intense than at-level pain in
the total NPSI scores. Similarly, a prospective study by Siddall et al.'’
showed that, 6 months after SCI, patients with below-level neuro-
pathic pain were more likely to report their pain as severe or
excruciating than those with at-level pain. When examining the
breakdowns of pain characteristics in our study, burning spontaneous
pain was significantly more intense in the patients with below-level
pain than in those with at-level pain. Below-level pain is believed to
reflect severe damage and degeneration of the spinothalamic tract.!?
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Therefore, our results indicate that neuropathic pain originating from
the damaged spinothalamic tract might be experienced mainly as
superficial spontaneous pain by SCI patients.

Our study found that patients with AIS grade B showed a trend
toward more intense neuropathic pain than patients with other AIS
grades. Although a relationship between completeness of injury and
prevalence of pain was previously reported,?° ours is the first study to
clarify the association of completeness of injury with the intensity of
neuropathic pain. Analysis of the proportion of patients with
below-level pain in each grade showed that patients with grade
B had the highest frequency of below-level pain (80%), reflecting
the most intense pain in this group.

The reason why patients with AIS grade B had the greatest pain
remains unclear. Past reports do not offer much insight, because very few
have examined the relationship between SCI grading and pain. However,
Siddall et al'® similarly reported that the prevalence of allodynia was
significantly higher in patients with incomplete SCI than in those with
complete SCL. A plausible explanation is that, although the neural
pathways in cases of complete SCI are interrupted at the injury site, there
are spared tracts in cases of incomplete SCI that enable the conduction of
pain sensation across the lesion.?! Perhaps the ratio of injured to spared
tracts is what determines the intensity of neuropathic pain, resulting in
the greatest neuropathic pain in grade B patients, whereas patients with
AIS grades C and D have more sensation from spared tracts.

A previous study examined the association of neuropathic pain with
surgery and concluded that there were no significant differences in the
prevalence of neuropathic pain in surgical and non-surgical groups.?
However, this study just conducted qualitative analysis to examine
whether the neuropathic pain was present or absent in SCI patients. In
contrast, our quantitative analysis for SCI neuropathic pain revealed that
the patients who underwent surgery showed significantly less severe
evoked pain compared with the ones with non-surgery. Although surgical
indication and approach were left to the discretion of surgeon in each
institute, the results of our study suggest that surgical intervention could
contribute to the reduction in neuropathic pain after SCL.

Our results also demonstrated that the patients who completed the
NPSI questionnaire >1 year after SCI reported more intense
neuropathic pain than those responding within a year of injury.
A previous study found that at-level neuropathic pain had an earlier
onset than below-level pain.l Consistent with these findings, our data
showed that a higher proportion of patients responding > 1 year after
SCI had below-level pain than patients responding within a year,
suggesting that the later onset of intense below-level pain may have
contributed to the higher NPSI score.

Our study found significant correlations between neuropathic pain
and SF-36 subscores for bodily pain, general health and mental health;
a previous study also found a strong correlation between mood or
depression and neuropathic pain.?? However, neuropathic pain did not
correlate with any other SF-36 subitems. It is reasonable that
neuropathic pain did not correlate with all QOL factors, as SCI
patients are affected not only by pain but also by limitations in moving,
walking and controlling egestion and sexual function.! Thus, neuro-
pathic pain is one of the several factors that should be considered and
treated comprehensively to improve the QOL in SCI patients.

In our study, neuropathic pain was diagnosed using the
International Association of the Study of Pain definitions.* Other
studies have diagnosed neuropathic pain using screening tools such as
the Leeds Assessment of Neuropathic Symptoms and Signs or the
Neuropathic Pain Questionnaire.”” Although these diagnostic tools
vary in reliability and validity,?* their use along with the NPSI scoring

Spinal Cord

system might reveal more precise characteristics of the neuropathic
pain in SCIL.

Study limitations

This study has several limitations. First, the number of patients was
small, which reduced the statistical power. In particular, although the
patients with AIS grade B presented with the most severe neuropathic
pain, there were only five patients in this grade. As SCI presents with
heterogeneous clinical characteristics, further research should be
conducted with a larger sample size to validate our results. Second,
as this was not a randomized study or consecutive case series, the
possibility of selection and information bias cannot be ruled out.
Finally, we could not assess the changes in pain in individual patients
in this cross-sectional study. A multicenter prospective cohort study
using NPSI scores should be performed to obtain a more complete
assessment of the neuropathic pain in SCL

CONCLUSIONS

The most common subtype of neuropathic pain after SCI was
paresthesia/dysesthesia. Neuropathic pain was significantly associated
with the location of pain, duration after injury, surgery and some QOL
factors. The NPSI scoring system was effective for characterizing
SCl-related neuropathic pain, and this detailed characterization may
improve our understanding of and ability to treat neuropathic pain in
SCI patients.
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