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Abstract—This study determined the stability of self-reported
clinical pain characteristics and pain-induced interference with
sleep and daily activities in people with spinal cord injury. The
study followed up a previous survey that identified clinical
pain patterns (i.e., neuropathic pain below the level of injury;
upper-limb pain in tetraplegia; and severe, persistent pain). A
confirmatory factor analysis (CFA) of the present study’s data
confirmed the previously observed pain patterns. The CFA also
confirmed positive correlations between the surveys on indi-
vidual pain characteristics (i.e., number of pain locations [r =
0.63, p < 0.001], number of descriptors [r = 0.61, p < 0.001],
pain intensity [r = 0.68, p < 0.001], and temporal aspects [r =
0.47, p < 0.001]). Despite an overall stable clinical picture of
pain, “aching” pain (p < 0.001) and sleep interference caused
by pain (p < 0.001) significantly increased over time.

Key words: chronic disease, chronic pain, longitudinal studies,
neuropathic pain, nociceptive pain, pain, pain measurement,
somatosensory disorders, spinal cord injury, statistical factor
analysis.

INTRODUCTION

Chronic pain is a major challenge for patients,
clinicians, and researchers in the aftermath of a spinal
cord injury (SCI). Unfortunately, recent studies report that
this sequela of SCI has a prevalence close to 80 percent,
with one-third of pains rated as severe [1–6]. The refrac-
tory nature of pain associated with SCI [7–8] and the fre-

quent interference with sleep and common daily activities
[1,9–10] make chronic pain one of the most common rea-
sons for significantly decreased quality of life [11–14].

Various types of pain with presumably different
mechanisms have been observed following SCI. Impor-
tantly, many people with SCI experience multiple pains
simultaneously [3], which complicates the clinical pic-
ture. The International Association for the Study of Pain
[15] and other investigators [16–18] have proposed the
broad categories of nociceptive pain and neuropathic
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pain. The different classifications are based on a combi-
nation of pain characteristics (e.g., pain locations and
pain descriptors) and other injury characteristics (e.g.,
level of injury). For example, “burning” pain below the
level of injury is usually classified as neuropathic pain,
while “aching” pain above the level of injury is usually
classified as nociceptive pain [3,19]. The development of
a standard taxonomy is an important step toward consis-
tent pain classification and subsequent individually
tailored therapeutic options.

Widerström-Noga et al. used an exploratory factor
analysis (EFA) to analyze clinical features of pain after
SCI [20]. Three factors (patterns) emerged from the EFA:
1. Neuropathic pain below the level of injury (wide-

spread pain; burning quality; and pain in thighs, legs,
and feet).

2. Upper-limb pain in tetraplegia (aching quality; pain
in neck and shoulders; and cervical level of injury).

3. Severe, persistent pain (constant pain; early onset
pain; and high-intensity pain).
The first pattern corresponded to neuropathic pain

below the level of injury and the second to musculo-
skeletal shoulder pain in tetraplegia. Both types of pain
commonly follow SCI [3,21]. The third pattern included
heterogeneous types of pains that were unrelated to the
level of injury but were perceived as constant and severe
with an onset at or shortly after the SCI.

While cross-sectional studies have extensively stud-
ied the clinical characteristics of chronic pain associated
with SCI and their correspondence with current pain tax-
onomies [16–18], very little is known about the persis-
tence of specific types of pain in chronic SCI. In a recent
study, Rintala and colleagues found that approximately
half of the male participants and three-fourths of the
female participants consistently reported having pain over
a 10-year study period [22]. While this study did not
detail pain characteristics, other longitudinal studies have
examined pain characteristics at 6 [3] and 12 months
[9,23–24] postinjury. Only one study has examined the
evolution of specific types of pain over a longer post-SCI
period [21]. This study demonstrated that both at-level
and below-level neuropathic pain persisted over a study
period of 5 years postinjury. In contrast, musculoskeletal
pain varied more in prevalence and severity. For example,
prevalence of musculoskeletal pain declined during the
first 6 months after SCI but increased later in the study.

People with SCI are generally expected to adapt to
the limitations imposed by their injury and to experience

less life interference with increased time after injury.
Indeed, Putzke and colleagues showed that reports of
pain interference with daily activities decreased in
frequency during the first 2 years after injury [25]. How-
ever, specific aspects of daily life, such as sleep, may be
less influenced by adaptation. For example, pain and
paraesthesias were the most commonly reported causes
of difficulties in the initiation and maintenance of sleep
in the chronic stages of SCI [26]. Similarly, Widerström-
Noga and colleagues reported that people with SCIs had
a high frequency of pain interference with falling and
staying asleep [10]. Poor sleep is interrelated with vari-
ous chronic pain conditions [27] and associated with high
pain intensity ratings, widespread pain, anxiety, and
depression in the SCI population [20,28]. Although clear
evidence exists that chronic pain persists for many years
following SCI, we know of no studies examining the sta-
bility of pain types, such as nociceptive shoulder pain
and neuropathic pain, and their impact on daily activities
in the chronic stages of SCI. The main objective of the
present study was to determine the stability of chronic
pain patterns and pain-induced interference with sleep
and daily activities in the chronic stages of SCI.

METHODS

In a previous study [20], persons over age 18 with
traumatic SCI were recruited from The Miami Project to
Cure Paralysis database. Survey 1 (S1), consisting of an
introductory letter describing the study, an informed con-
sent form, and a pain history form [29], was mailed to 330
of these individuals; 217 completed the survey. In the
present study, 18 months later, Survey 2 (S2), consisting of
an introductory letter, a new informed consent form, and
the pain history form, was sent to the 217 individuals who
participated in S1. Seventy-five of these S1 participants
could not be contacted because they had moved and had
no forwarding address or working telephone number. Of
the 142 individuals who were contacted, 123 completed
S2. The University of Miami Institutional Review Board
approved the study.

Participants completed the pain history form, a
paper-and-pencil measure that included questions about
various characteristics and related factors of chronic pain
experienced for at least 3 months before the study [29].
Participants returned completed questionnaires to The
Miami Project to Cure Paralysis using self-addressed,
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stamped envelopes. The research staff reviewed question-
naires for completeness and entered data into a database
for storage and further analysis. All individuals not
responding within 2 months received a reminder and a
second copy of the survey.

Demographic and Injury Characteristics
Demographic information and injury characteristics

obtained from The Miami Project to Cure Paralysis data-
base included age at time of study, age when injured,
time since injury (described in years and fractions of
years), sex, and level of injury. If more than one level of
injury was reported, the highest level was used. The level
of injury was divided into two categories: cervical and
below-cervical, i.e., tetraplegia and paraplegia, respec-
tively. Because this data was self-reported, we could not
determine whether the injury level reported was skeletal
or neurological.

Pain History Form
Because of the subjective nature of pain [30], a com-

prehensive pain evaluation must consider the patient’s
perception of his or her pain [31]. The pain history form is
a detailed description of the person’s pain and is standard
in comprehensive pain evaluations. It usually includes a
description of pain location (using body maps), descrip-
tive adjectives, pain intensity, temporal aspects of pain,
aggravating and relieving factors, extent of interference,
and treatment responses (past and present). This com-
bined information gives the evaluator useful information
on which to base a treatment plan and prognosis.

In the present study, the following information
obtained from the pain history form was used for analysis
[29]: location of pain, quality of pain, intensity of pain,
temporal aspects of pain (i.e., onset of pain, breaks in
pain), and frequency of pain interference with sleep and
other daily activities.

Location of Pain
Participants were asked to mark the location of their

chronic pain on two body maps (frontal and dorsal
views). The body maps were divided into 45 sections,
previously described by Margolis et al. [32] but recoded
into the following eight principal areas: head, neck and
shoulders, arms and hands, frontal torso and genitals,
back, buttocks, thighs, and legs and feet [20].

Quality of Pain
Participants were asked to select from a list of 24

adjectives (i.e., sharp, shooting, stinging, electric, stab-
bing, flashing, shocking, lancinating, crushing, pinching,
penetrating, lacerating, burning, pricking, cramping, cut-
ting, aching, throbbing, pressing, pulsating, radiating,
dull, cold, and biting) the words that best described their
present pain [20]. The words on the list were drawn from
previous interviews with persons with SCI and previous
studies [33–35].

Intensity of Pain
The intensity of pain was assessed with the use of a

numerical rating scale ranging from 0 (no pain) to 10
(most intense pain imaginable) [36]. Participants were
asked to recall and rate the intensity of their present pain
when most intense and when least intense. The mean val-
ues of the most intense and least intense chronic pains
were calculated and used for comparison.

Temporal Aspects of Pain
Onset of Pain. Participants were asked to identify

when their pain began. Seven response choices were pro-
vided: directly after injury, less than 1 month after injury,
1 to 3 months after injury, 3 to 6 months after injury,
6 months to 1 year after injury, 1 to 2 years after injury,
and more than 2 years after injury.

For the factor analyses, the data were categorized
into two groups: early onset (within the first 6 months
postinjury) and late onset (more than 6 months to more
than 2 years postinjury).

Breaks in Pain. Participants were asked to describe
the duration of breaks from their pain (i.e., periods when
they were pain-free) using one of the following choices:
continuous without breaks, short breaks (less than 5 min-
utes), breaks of 5 minutes to 1 hour, breaks of several
hours, breaks of 1 day to several days, week-long breaks,
and no consistent pattern.

Participants who reported no consistent patterns were
excluded from the analysis. For the factor analyses, two
categories of data were used: no breaks or short breaks of
1 hour or less, and breaks longer than 1 hour.

Frequency of Interference
The frequency of interference caused by pain was

assessed in the areas of sleep and other daily activities.
Comparisons were made between the two surveys in both
areas.
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Sleep Interference. Participants were asked to des-
cribe how often they were awoken by pain after falling
asleep. Six choices were given: never, 1 to 3 times a
month, 1 to 2 times a week, 3 to 6 times a week, every
night, and other.

Participants who chose “other” were excluded from
the analysis.

Other Daily Activities Interference. Participants
were asked how often pain interfered with their other
daily activities. Four choices were given: never, some-
times, often, and always.

Remission of Pain
The number of participants who experienced pain at

S1 [20] but no pain at S2 was reported. Participants who
reported remission of pain were asked to provide a reason
(if known).

Data Analyses
Statistical analysis was performed with the SPSS®

Base 12.0.0 for Windows® (SPSS Inc, Chicago, Illinois)
and SAS OnlineDoc® (version 8) (SAS Institute Inc, Cary,
North Carolina) software programs. For pairwise compari-
sons, parametric and nonparametric methods were applied.
In particular, Pearson’s correlations and paired t-tests were
used for continuous variables, tetrachoric correlations and
chi-square tests for dichotomous variables, and polychoric
correlations and Wilcoxon Signed Rank tests for ordinal
variables. Tetrachoric and polychoric correlations are spe-
cifically used when both variables are dichotomous or
ordinal but assumed to reflect underlying continuous
variables. That is, these correlations extrapolate what the
distributions of the categorical variables would be if they
were continuous. As such, this estimate is strongly based
on the assumption of an underlying continuous, bivariate,
normal distribution. All tests were two-tailed and
Bonferroni correction was used to adjust for multiple com-
parisons where indicated. A p-value less than 0.05 was
chosen to indicate statistical significance.

Pain Patterns: Confirmatory Factor Analysis
We performed a confirmatory factor analysis (CFA)

to determine the stability of the previously obtained pain
patterns (Figure 1). The CFA included the same vari-
ables previously included in the EFA:

1. Level of injury (cervical or below-cervical).
2. Number of pain areas selected in pain drawing.
3. Pain in thighs.
4. Pain in legs and feet.

5. Pain in neck and shoulders.
6. Aching pain.
7. Burning pain.
8. Average pain intensity.
9. Onset of pain.

10. Frequency of pain breaks.
A CFA tests how well a theoretical factor structure is

substantiated with a different data set. Unlike an EFA, the
relationship between the variables in the CFA model is
defined a priori based on theory, previous research, or
both [37]. In the present study, we used CFA to evaluate
the stability of specific pain patterns over time. CFA is
superior to EFA for this purpose, since it provides a priori
hypothesis testing and gives additional goodness of fit
indexes to assess the appropriateness of a hypothesis.
These goodness of fit indexes are based on variances and
covariances in the data set [38]. Several fit indexes were
applied to the present model [37–39]:
1. Bentler-Bonett normed fit index (NFI), which explains

the overall proportion of explained variance.
2. Tucker-Lewis, or nonnormed fit index (NNFI), which

adjusts the proportion of explained variance for model
complexity by incorporating degrees of freedom.

3. Comparative fit index (CFI), which compares the fit of
the model with alternative models.

4. Root-mean-square error of approximation (RMSEA),
which measures discrepancy per degree of freedom.

The criterion for goodness of fit for each index was
set at 0.95 and for RMSEA at <0.08 [38]. The CFA was
conducted using the Analysis of Moment Structures
(Amos) 4.0 graphics program (SPSS Inc, Chicago, Illi-
nois). Amos 4.0 provides a graphical interface through
which the user conducts an analysis by drawing the model
on the screen.

RESULTS

Comparison of Study Participants
To determine how representative our subset sample

was, we compared study participants (n = 123) with the
207 individuals who completed neither survey or only S1
but were part of the original mailing (Table 1). The pair-
wise comparisons showed no significant differences
between the groups with respect to age at injury, time
since injury, sex, level of injury, and completeness of
injury. However, the participants who completed both
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surveys were on average 3.5 years older than those who
did not (t = –2.7, p < 0.05).

Pain Patterns: Confirmatory Factor Analysis
All fit indexes supported an excellent fit of the hypoth-

esized model (χ2(31) = 53.072, RMSEA = 0.076 [95%
confidence interval 0.039–0.110], NFI = 0.97, NNFI =
0.94, and CFI = 0.98). Our findings show that the previous
pain patterns (e.g., neuropathic pain below the level of
injury; neck and shoulder pain in tetraplegia; and severe,
persistent pain) remained stable during an 18-month period.

Pain History Form

Location of Pain
The numbers of body areas (mean ± standard devia-

tion [SD]) marked in the pain drawing by participants in
S1 (3.5 ± 1.7) and S2 (3.7 ± 1.7) were strongly correlated

(r = 0.63, p < 0.001). The strong, significant tetrachoric
correlations in each specific area between the surveys
suggest that a participant who experienced pain in a spe-
cific region at S1 still had pain in this area at S2 (Table 2).

Quality of Pain
The numbers of pain descriptors (mean ± SD) used

by participants in S1 (6.0 ± 4.0) and S2 (6.3 ± 4.6) were
strongly correlated (r = 0.61, p < 0.001, n = 118). In both
surveys, “burning” was the most commonly selected
descriptor (S1 = 59%, S2 = 65%), followed by “sharp”
(S1 = 51%, S2 = 53%) and “aching” (S1 = 48%, S2 =
61%). Despite a nonsignificant relative increase in the
total number of descriptive adjectives used (p = 0.465),
a chi-square test showed that “aching” pain significantly
increased in S2 by 13 percent (χ2(1) = 15.7, p < 0.001). 

Figure 1.
Hypothesized model of pain patterns following spinal cord injury (SCI) used in confirmatory factor analysis.
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Intensity of Pain
Table 3 displays the means and SDs for the pain rat-

ings, as well as their correlations (Bonferroni-adjusted p <
0.001). Although a relative nonsignificant increase in pain
intensity occurred over the study period, the significant
correlations between S1 and S2 indicate that pain intensi-
ties remained relatively stable during the 18-month
period.

Temporal Aspects of Pain
Onset of Pain. Approximately 59 percent (n = 72) of

participants reported experiencing onset of pain within
the first 6 months after injury, while approximately

37 percent (n = 45) reported that their pain began more
than 6 months after injury.

Breaks in Pain. The duration of pain breaks was sig-
nificantly correlated (polychoric) between the surveys
(r = 0.47, p < 0.001, n = 83), indicating that the temporal
pattern of pain in these participants was relatively consis-
tent (Figure 2). Even though the duration of pain-free
periods decreased in S2, these changes did not reach sta-
tistical significance.

Frequency of Interference
Sleep Interference. Despite the high correlation

between S1 and S2 regarding frequency of sleep interfer-
ence caused by pain (r = 0.72, p < 0.001, n = 98), a
significant increase in the frequency of pain interference
with sleep also occurred in S2 (z = 4.8, p < 0.001)
(Figure 3).

Other Daily Activities Interference. The frequency
of pain interference with other daily activities was also
strongly correlated between S1 and S2 (r = 0.50, p < 0.001,
n = 98). A slight decrease in frequency of pain interference

Table 1.
Comparison between study participants (n = 123) and individuals lost
to follow-up (n = 207).

Characteristic Participant
Values

Lost to
Follow-Up

Age (yr)*† 40.2 ± 12.5 36.4 ± 10.7
Age at Injury (yr)† 32.0 ± 11.7 29.0 ± 11.1
Time Since Injury (yr)† 8.5 ± 5.9 7.5 ± 5.1
Sex, n (%)

Men 96 (77.4) 155 (73.4)
Women 27 (21.8) 56 (26.5)

Level of Injury, n (%)
Cervical 65 (52.8) 116 (55.0)
Below cervical 57 (46.3) 93 (44.1)
Not reported 1 (0.813) 0 (0)

Completeness of Injury, n (%)
Complete 38 (30.9) 84 (39.8)
Incomplete 79 (64.2) 117 (55.5)
Not reported 6 (4.9) 10 (4.7)

*Bonferroni-adjusted p < 0.05.
†Mean ± standard deviation.

Table 2.
Location of pain reported by participants in Survey 1 and Survey 2
(n = 118).

Pain Location Survey 1 (%) Survey 2 (%) r*

Head 10.3 8.6 0.627
Neck and Shoulders 37.4 39.0 0.792
Arms and Hands 35.5 34.3 0.754
Front and Genitals 49.5 48.6 0.754
Back 60.7 64.8 0.826
Buttocks 49.0 58.1 0.895
Thighs 55.1 52.4 0.793
Legs and Feet 56.1 62.9 0.825
*Bonferroni-adjusted p < 0.001.

Table 3.
Most, least, and average chronic pain intensity ratings reported by
participants in Survey 1 and Survey 2 (n = 118).

Chronic Pain
Intensity Rating

Survey 1
(Mean ± SD)

Survey 2
(Mean ± SD) r*

Most 8.2 ± 1.7 8.5 ± 1.6 0.518
Least 3.4 ± 2.4 3.6 ± 2.6 0.672
Average 5.8 ± 1.7 6.0 ± 1.8 0.677

*Bonferroni-adjusted p < 0.001. SD = standard deviation.

Figure 2.
Frequency of breaks in pain reported by participants in Survey 1 and
Survey 2. Sev = several.
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with other daily activities over the study period was
observed but was not statistically significant (Figure 4).

Remission of Pain
Only 4 percent (n = 5) of participants who reported

pain in S1 reported no pain in S2. Specifically, one par-
ticipant reported that his pain disappeared after a surgical
procedure. The other four participants reported that they
no longer experienced pain but did not provide additional
explanation.

DISCUSSION

Chronic pain persists many years after the initial SCI
[21,40–41] despite the various treatments available [7–8].
The present study confirms this finding. In addition, our
results provide further evidence that both individual pain
characteristics and specific pain types and patterns remain
stable in the chronic stages of SCI. The CFA resulted in
excellent fit indexes that suggest that clinical characteris-
tics of pain are relatively stable over an 18-month period.
Specifically, the participants consistently experienced the
following three patterns:
1. Upper-limb pain in tetraplegia.
2. Neuropathic pain below the level of injury.
3. Severe, persistent pain.

Upper-limb nociceptive pain is common after SCI
[42] and is often due to overuse syndromes caused by
prolonged use of a wheelchair or by impaired motor func-
tion in tetraplegia [2,43–45]. The pain is often described

as aching and as worsening with continuous use of the
involved muscles and joints [15,42]. Interestingly, one of
the few significant changes in pain characteristics during
the study period was an increase in reports of “aching”
pain. This finding is consistent with the study by Siddall
and colleagues [21], in which the prevalence of late-onset
musculoskeletal pain increased over a 5-year period. An
increase in the musculoskeletal nociceptive pain types
[43] is clinically important because these pains may
respond to a wider range of treatments, such as occupa-
tional and physical therapy, analgesics, or nonsteroidal
anti-inflammatory medications [15,40].

Neuropathic pain below the level of injury is also
common in SCI [3,21]. This type of pain included a com-
bination of widespread pain; “burning” pain; and pain in
the thigh, leg, and foot regions. Since more than half of
the participants in the present study used “burning” to
describe pain below the injury, it appears that the majority
of participants continued to experience neuropathic pain
types over the 18-month period.

Severe, persistent pain included constant pain with
early onset relative to injury and high pain intensity.
These characteristics may be associated with various pain
types (i.e., above-, at-, or below-level neuropathic). For
example, Siddall and colleagues described at-level neuro-
pathic pain as severe, early onset, and persistent [21]. Our
findings concur with these results, suggesting that severe,
persistent neuropathic pain remains refractory despite the
various interventions available for chronic SCI.

Only 4 percent of our study participants reported
remission of pain. This number concurs with a previous
study in which the remission rate of significant pain and/or
dysesthesia was only 5.8 percent over a 3-year period in

Figure 3.
Frequency of sleep interference due to pain reported by participants in
Survey 1 and Survey 2. *p < 0.001.

Figure 4.
Frequency of daily activities interference due to pain reported by
participants in Survey 1 and Survey 2.
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people with SCI [46]. In contrast, Siddall et al. reported a
relative increase in the prevalence of chronic pain over a
5-year period [21], pointing to the likelihood of pain
development rather than pain remission in the chronic
stages of SCI.

Consistent with previous SCI findings [10,26], our
participants reported frequent sleep interference caused
by pain during the study period. However, this is the first
study showing a significant increase in pain-induced
interference with sleep in chronic SCI. Several investiga-
tors have reported high comorbidity of chronic pain and
poor sleep in the general population but the causality
remains unknown [47–50]. Persistent and intense pains
associated with SCI [7–8] may profoundly affect the
quality of an individual’s sleep [51]. In fact, high pain
intensity ratings, widespread pain, anxiety, and depres-
sion were all significantly associated with sleep distur-
bance in people with chronic pain and SCI [10,28]. Since
sleep disturbance increased in the present study and sleep
quality may profoundly affect both the perception of pain
and other sequelae of SCI, sleep dysfunction may be an
important target of therapeutic interventions. A sleep
diary is a simple, cost-effective adjunct to the evaluation
of the chronic SCI pain patient [47]. Such an evaluation
may be particularly useful in the clinical assessment of
chronic pain associated with SCI, since people with SCI
are more likely to suffer from sleep disorders than people
without SCI. In particular, people with cervical injuries
experience increased sleep dysfunction with increased
time since injury [52].

METHODOLOGICAL CONSIDERATIONS

All participants were volunteers who agreed to be
included in The Miami Project to Cure Paralysis database.
These participants may not represent all people with SCI
and may therefore present a selection bias. To elucidate
selection bias issues, responders and nonresponders to the
survey were compared. After comparing demographic
data and injury characteristics of study participants with
individuals who were lost to follow-up, no significant dif-
ferences in age at injury, sex, and completeness of injury
were observed. The only difference between the groups
was that participants who responded to the pain question-
naire were on average 3 years older than those lost to
follow-up. Most participants were male (77.4%) and
approximately half had cervical injuries (52.8%). These

figures are very similar to those reported in the national
SCI database [53], in which 81.5 percent of patients are
male and 54.0 percent have cervical injuries.

CONCLUSION

Despite some limitations, this study not only pro-
vides evidence for the continuous presence of pain but
also suggests that specific pain patterns corresponding to
pain types persist in the chronic stages of SCI. Unfortu-
nately, neuropathic and musculoskeletal pain types are
consistent parts of the clinical picture of SCI. These pains
depend partly on different pain mechanisms and can
therefore be expected to respond differentially to clinical
interventions. Thus, evaluation of each type of pain sepa-
rately in both clinical pain management and research is
important. A differentiated evaluation approach for pain
associated with SCI will not only provide a basis for
tailored treatment interventions but also further the
understanding of how different types of pain affect the
lives of those with SCI.

ACKNOWLEDGMENTS

We would like to thank Dr. Robert Duncan for statis-
tical expertise and Drs. Gustavo Alameda and Elizabeth
Felix for editorial assistance.

REFERENCES

  1. Rintala DH, Loubser PG, Castro J, Hart KA, Fuhrer MJ.
Chronic pain in a community-based sample of men with
spinal cord injury: prevalence, severity, and relationship
with impairment, disability, handicap, and subjective well-
being. Arch Phys Med Rehabil. 1998;79(6):604–14.

  2. Dalyan M, Cardenas DD, Gerard B. Upper extremity pain
after spinal cord injury. Spinal Cord. 1999;37(3):191–95.

  3. Siddall PJ, Taylor DA, McClelland JM, Rutkowski SB,
Cousins MJ. Pain report and the relationship of pain to
physical factors in the first 6 months following spinal cord
injury. Pain. 1999;81(1–2):187–97.

  4. Turner JA, Cardenas DD. Chronic pain problems in indi-
viduals with spinal cord injuries. Semin Clin Neuropsychi-
atry. 1999;4(3):186–94.

  5. Widerström-Noga EG, Felipe-Cuervo E, Broton JG, Dun-
can RC, Yezierski RP. Perceived difficulty in dealing with



593

CRUZ-ALMEIDA et al. Chronic pain with spinal cord injury

consequences of spinal cord injury. Arch Phys Med Reha-
bil. 1999;80(5):580–86.

  6. Finnerup NB, Johannesen IL, Sindrup SH, Bach FW,
Jensen TS. Pain and dysesthesia in patients with spinal cord
injury: a postal survey. Spinal Cord. 2001;39(5):256–62.

  7. Warms CA, Turner JA, Marshall HM, Cardenas DD. Treat-
ments for chronic pain associated with spinal cord injuries:
many are tried, few are helpful. Clin J Pain. 2002;18(3):
154–63.

  8. Widerström-Noga EG, Turk DC. Exacerbation of chronic
pain following spinal cord injury. J Neurotrauma. 2004;
21(10):1384–95.

  9. Putzke JD, Richards JS, DeVivo MJ. Predictors of pain
1 year post-spinal cord injury. J Spinal Cord Med. 2001;
24(1):47–53.

10. Widerström-Noga EG, Felipe-Cuervo E, Yezierski RP.
Chronic pain after spinal cord injury: interference with
sleep and daily activities. Arch Phys Med Rehabil. 2001;
82(11):1571–77.

11. Scivoletto G, Petrelli A, Di Lucente L, Castellano V. Psy-
chological investigation of spinal cord injury patients. Spi-
nal Cord. 1997;35(8):516–20.

12. Kemp BJ, Krause JS. Depression and life satisfaction
among people ageing with post-polio and spinal cord
injury. Disabil Rehabil. 1999;21(5–6):241–49.

13. King C, Kennedy P. Coping effectiveness training for peo-
ple with spinal cord injury: preliminary results of a con-
trolled trial. Br J Clin Psychol. 1999;38(Pt 1):5–14.

14. Westgren N, Levi R. Quality of life and traumatic spinal
cord injury. Arch Phys Med Rehabil. 1998;79(11):1433–39.

15. Siddall PJ, Yezierski RP, Loeser JD. Taxonomy and epidemi-
ology of spinal cord injury pain. In: Yezierski RP, Burchiel
KJ, editors. Spinal cord injury pain: assessment, mecha-
nisms, management. Seattle (WA): IASP Press; 2002. p. 9–
23 (Progress in pain research and management, vol. 23).

16. Donovan WH, Dimitrijevic MR, Dahm L, Dimitrijevic M.
Neurophysiological approaches to chronic pain following
spinal cord injury. Paraplegia. 1982;20(3):135–46.

17. Bryce TN, Ragnarsson KT. Pain after spinal cord injury.
Phys Med Rehabil Clin N Am. 2000;11(1):157–68.

18. Cardenas DD, Turner JA, Warms CA, Marshall HM. Clas-
sification of chronic pain associated with spinal cord inju-
ries. Arch Phys Med Rehabil. 2002;83(12):1708–14.

19. Tunks E. Pain in spinal cord injured patients. In: Bloch RF,
Bausbaum M, editors. Management of spinal cord injuries.
Baltimore (MD): Williams and Wilkins; 1986. p. 180–211.

20. Widerström-Noga EG, Felipe-Cuervo E, Yezierski RP.
Relationships among clinical characteristics of chronic
pain following spinal cord injury. Arch Phys Med Rehabil.
2001;82(9):1191–97.

21. Siddall PJ, McClelland JM, Rutkowski SB, Cousins MJ. A
longitudinal study of the prevalence and characteristics of

pain in the first 5 years following spinal cord injury. Pain.
2003;103(3):249–57.

22. Rintala DH, Hart KA, Priebe MM. Predicting consistency
of pain over a 10-year period in persons with spinal cord
injury. J Rehabil Res Dev. 2004;41(1):75–88.

23. Kennedy P, Frankel H, Gardner B, Nuseibeh I. Factors
associated with acute and chronic pain following traumatic
spinal cord injuries. Spinal Cord. 1997;35(12):814–17.

24. New P, Lim TC, Hill ST, Brown DJ. A survey of pain during
rehabilitation after acute spinal cord injury. Spinal Cord.
1997;35(10):658–63.

25. Putzke JD, Richards JS, Hicken BL, DeVivo MJ. Interference
due to pain following spinal cord injury: important predictors
and impact on quality of life. Pain. 2002;100(3):231–42.

26. Biering-Sorensen F, Biering-Sorensen M. Sleep disturbances
in the spinal cord injured: an epidemiological questionnaire
investigation, including a normal population. Spinal Cord.
2001;39(10):505–13.

27. Stiefel F, Stagno D. Management of insomnia in patients with
chronic pain conditions. CNS Drugs. 2004;18(5):285–96.

28. Norrbrink Budh C, Hultling C, Lundeberg T. Quality of
sleep in individuals with spinal cord injury: a comparison
between patients with and without pain. Spinal Cord. 2005;
43(2):85–95.

29. Widerström-Noga EG. Evaluation of clinical characteristics
of pain and psychosocial factors after spinal cord injury. In:
Yezierski RP, Burchiel KJ, editors. Spinal cord injury pain:
assessment, mechanisms, management. Seattle (WA):
IASP Press; 2002. p. 53–77 (Progress in pain research and
management, vol. 23).

30. Merskey H. Pain terms: a list with definitions and notes on
usage. Recommended by the IASP Subcommittee on Tax-
onomy. Pain. 1979;6(3):249–52.

31. Wincent A, Liden Y, Arner S. Pain questionnaires in the
analysis of long lasting (chronic) pain conditions. Eur J
Pain. 2003;7(4):311–21.

32. Margolis RB, Chibnall JT, Tait RC. Test-retest reliability of
the pain drawing instrument. Pain. 1988;33(1):49–51.

33. Melzack R, Torgerson S. On the language on pain. Anes-
thesiology. 1971;34(1):50–59.

34. Nepomuceno C, Fine PR, Richards JS, Gowens H, Stover
SL, Rantanuabol U, Houston R. Pain in patients with spinal
cord injury. Arch Phys Med Rehabil. 1979;60(12):605–9.

35. Davidoff G, Roth E, Guarracini M, Sliwa J, Yarkony, G. Func-
tion-limiting dysesthetic pain syndrome among traumatic spi-
nal cord injury patients: a cross-sectional study. Pain.
1987;29(1):39–48.

36. De C Williams AC, Davies HT, Chadury Y. Simple pain
rating scales hide complex idiosyncratic meanings. Pain.
2000;85(3):457–63.



594

JRRD, Volume 42, Number 5, 2005

37. Bentler PM, Bonett DG. Significance tests and goodness of
fit in the analysis of covariance structures. Psychol Bull.
1980;88:588–606.

38. Marsh HW, Balla JR, McDonald RP. Goodness-of-fit
indexes in confirmatory factor analysis: the effect of sam-
ple size. Psychol Bull. 1988;103(3):391–410.

39. Bentler PM. Comparative fit indexes in structural models.
Psychol Bull. 1990;107(2):238–46.

40. Ragnarsson KT. Management of pain in persons with spi-
nal cord injury. J Spinal Cord Med. 1997;20(2):186–99.

41. Siddall PJ, Loeser JD. Pain following spinal cord injury.
Spinal Cord. 2001;39(2):63–73.

42. Lal S. Premature degenerative shoulder changes in spinal
cord injury patients. Spinal Cord. 1998;36(3):186–89.

43. Weitzenkamp DA, Jones RH, Whiteneck GG, Young DA.
Ageing with spinal cord injury: cross-sectional and longitu-
dinal effects. Spinal Cord. 2001;39(6):301–9.

44. Salisbury SK, Choy NL, Nitz J. Shoulder pain, range of
motion, and functional motor skills after acute tetraplegia.
Arch Phys Med Rehabil. 2003;84(10):1480–85.

45. Dyson-Hudson TA, Kirshblum SC. Shoulder pain in
chronic spinal cord injury, Part I: epidemiology, etiology,
and pathomechanics. J Spinal Cord Med. 2004;27(1):4–17.

46. Störmer S, Gerner HJ, Gruninger W, Metzmacher K,
Follinger S, Wienke C, Aldinger W, Walker N, Zimmer-
mann M, Paeslack V. Chronic pain/dysaesthesiae in spinal
cord injury patients: results of a multicentre study. Spinal
Cord. 1997;35(7):446–55.

47. Haythornthwaite JA, Hegel MT, Kerns RD. Development
of a sleep diary for chronic pain patients. J Pain Symptom
Manage. 1991;6(2):65–72.

48. Jones SD, Koh WH, Steiner A, Garrett SL, Calin A.
Fatigue in ankylosing spondylitis: its prevalence and rela-
tionship to disease activity, sleep, and other factors.
J Rheumatol. 1996;23(3):487–90.

49. Kundermann B, Krieg JC, Schreiber W, Lautenbacher S.
The effect of sleep deprivation on pain. Pain Res Manag.
2004;9(1):25–32.

50. Nicholson B, Verma S. Comorbidities in chronic neuro-
pathic pain. Pain Med. 2004;5(Suppl 1):S9–27.

51. Morin CM, Gibson D, Wade J. Self-reported sleep and mood
disturbance in chronic pain patients. Clin J Pain. 1998;
14(4):311–14.

52. Stockhammer E, Tobon A, Michel F, Eser P, Scheuler W,
Bauer W, Baumberger M, Muller W, Kakebeeke TH,
Knecht H, Zach GA. Characteristics of sleep apnea syn-
drome in tetraplegic patients. Spinal Cord. 2002;40(6):
286–94.

53. Nobunaga AI, Go BK, Karunas RB. Recent demographic
and injury trends in people served by the Model Spinal
Cord Injury Care Systems. Arch Phys Med Rehabil. 1999;
80(11):1372–82.

Submitted for publication February 14, 2005. Accepted
in revised form June 21, 2005.


	Chronicity of pain associated with spinal cord injury: A longitudinal analysis
	Yenisel Cruz-Almeida, MSPH;1–2 Alberto Martinez-Arizala, MD;1–3 Eva G. Widerström-Noga, DDS, PhD1–3
	1Miami Department of Veterans Affairs Medical Center, Miami, FL; 2The Miami Project to Cure Paralysis, University of Miami School of Medicine, Miami, FL; 3Department of Neurological Surgery, University of Miami School of Medicine, Miami, FL


	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	METHODOLOGICAL CONSIDERATIONS
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES



