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STUDY DESIGN: Case–control study.
OBJECTIVES: To identify factors associated with neuropathic pain (NP) in patients with spinal cord injury of traumatic origin (TSCI).
SETTING: University Hospital of Valle, Cali, Colombia.
METHODS: Study participants were individuals with diagnosis of TSCI who visited a trauma referral center from January 1st, 2016,
to December 31st, 2016. Information was retrospectively extracted from the Hospital’s Spinal Cord Injury registry and patients’
medical records. Cases were defined as patients with NP and controls were those without NP. The exposure of interest was
intentional injuries. Individuals were matched by age and stratified into 11 groups of ±3 years each.
RESULTS: We found 164 participants with an average age of 34 ± 13 years, of whom 95.1% were male, and 53.6% had NP.
Neurogenic bladder and bowel occurred in 94.3% of NP patients. Cause of injury was not associated with NP. Older injuries were
protective for NP (>10 years since injury OR= 0.10, 95% CI= 0.03–0.37, p < 0.0001) and neurogenic bladder and bowel were found
as risk factors (OR= 5.89, 95% CI= 1.84–18.88; p= 0.003).
CONCLUSIONS: Our study uniquely shows time since injury as a protective factor for NP and neurogenic bladder and bowel as a
risk factor, while violence was not found associated. This could help guide the scope of future research about NP secondary
to SCI.
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INTRODUCTION
The effects of traumatic or nontraumatic spinal cord injury (SCI),
have direct and indirect consequences on individual, family, and
community levels [1]. The global annual incidence of SCI is
estimated to be 23 SCI cases per million, corresponding to
179,312 new cases per year [2]. In Latin America, violence is a
significant cause of SCI [2, 3], and Cali is one of the main cities of
Colombia with the highest rates of violence, both within the
country and worldwide [4].
The complications of SCI include neurogenic bladder and

bowel, urinary tract infections, pressure ulcers, spasticity, depres-
sion, and pain [1, 5]. A significant proportion of people with SCI
experience neuropathic pain (NP) [1], which can substantially
impact quality of life and functionality.
The International Association for the Study of Pain defines NP

as pain caused by a lesion or disease of the somatosensory
nervous system [6, 7]. Its diagnosis is mainly clinical [8].
Symptoms can develop either at or below the level of the
injury. At-level pain is defined by its presence anywhere within a
region spanning one dermatome rostral and three dermatomes
caudal to the neurological level of injury (NLI), whereas below-
level pain occurs below three dermatomes caudal to the NLI.

Central NP is due to injury or disease of the spinal cord or brain.
In patients with incomplete SCI, below-level pain can also have
an allodynic component, but a substantial proportion of patients
with below-level pain have complete spinal lesions and no
sensory function in the painful region [7, 9].
According to a systematic review and meta-analysis from

high-income countries, the prevalence of NP secondary to SCI is
53% [10]. Factors including age, gender, trauma mechanism,
type and level of SCI, its intensity, and early onset of dysesthetic
symptoms, as well as associated complications such as pressure
ulcers, constipation, spasticity, and infections [11] have been
associated with NP in patients with SCI. NP has been shown to
be more common at 1-year post-SCI [10], however there is a
need for more research examining the relationship between
time elapsed since SCI and onset of NP [12]. Moreover, the
relationship between violence and NP has not been evaluated in
low- to middle-income countries.
In Colombia, to the best of our knowledge, there are no studies

specifically investigating the population of individuals with NP
secondary to SCI. Therefore, the aim of this study is to identify
associated factors with NP in patients with TSCI who were referred
to a trauma referral center in southwestern Colombia during 2016.
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METHODS
Study design
Case–control study of patients with TSCI based on the Hospital’s Spinal
Cord Injury registry and patients’ medical records. The study was approved
by the Institutional Review Committee of Human Ethics of Universidad del
Valle and the Board for Ethics Research of the Hospital Universitario del
Valle (HUV) with code 070-018.

Study setting
The study was carried out with data from HUV. This is the main trauma
referral center in the Colombian southwestern region as it is the referral
center for 56 public primary centers in the Department of Valle del Cauca,
a region that holds 42 cities/municipalities. Amongst various specialties, it
contains a physical medicine and rehabilitation unit which serves patients
with SCI. Overall, HUV serves an estimated number of 120,000 patients per
year, out of which ~6% (≈7000) of consults are related to trauma [13].

Sample selection
During 2016, a total of 188 patients were seen at the SCI outpatient clinic; 2
records were excluded because they were duplicates, 6 records were
incomplete, 18 were nontraumatic, including 5 oncological pathologies, 5
autoimmune, 3 infectious, 2 spinal stenosis, 2 congenital, and 1 vascular,
thus leaving 164 (87.23%) patients to be included in the study.
The study population was composed of individuals who attended the

HUV’s SCI outpatient clinic during 2016. Consecutive sampling was used,
and all patients with TSCI were included without discrimination for age,
gender, or ethnicity.

Exposure
The exposure of interest was interpersonal injury (intentional mechanism)
as the cause of the SCI. This variable, namely the cause of SCI, was
classified as either intentional injuries (violence) or unintentional injuries
(falls and road traffic injuries [RTI]).

Outcome
The outcome of interest was the presence of NP. All patients with a
diagnosis of NP between January 1st to December 31st of 2016 were
included. NP had to be diagnosed by at least two different physicians
specialized in Physical Medicine and Rehabilitation based on the ISCIP
definition [7], and identified in the Registry after filtering by the
International Classification of Disease 9 version (ICD-9) using the codes
729.2, 336.9, 337.2x, 337.1, 341.9, 353.x, 354.x, 355.x, 952.xx, and 953.4.
Each case was individually matched to one individual who did not have

a diagnosis of NP by December 31st 2016 using a concurrent sampling
strategy. Matching was on the basis of age within ±3 years range. Controls
were identified from the Hospital’s Spinal Cord Injury registry as individuals
who had consulted the clinic in the same year as the cases, thus comparing
active patients of the clinic.

Potential confounding variables
Potential confounding variables with regards to the association between
SCI caused by an intentional injury and NP were considered to be time
since injury, neurogenic bladder or bowel, level of the injury, and American
Spinal Injury Association (AIS) Grade Classification [14].

Power calculation
An a priori feasibility count from the Hospital’s Spinal Cord Injury registry
estimated that 88 cases of NP due to traumatic SCI would be identified in
the study period. Using a matching ratio for cases and controls of 1:1,
assuming a rate of exposure to injuries caused by interpersonal violence in
the control group of 45%, a correlation of exposure between cases and
controls of 0.2%, and alpha of 5%, it was estimated that the study would
have 88.6% power to detect an odds ratio of 3.

Data collection
Data was extracted from both the Hospital’s Spinal Cord Injury registry and
patient’s medical records. Patient records were searched manually, and the
data including demographics, etiology, and AIS grade of TSCI was collected
systematically. Information was collected in a Microsoft Access® database.
To verify the quality of the information, 10% of the collected records were
randomly reviewed using a random number sequence in Microsoft Excel®

and the accuracy of the information was verified using the registry and the
individuals’ charts.

Explanatory variables
We collected sociodemographic variables including age, gender, and
health insurance; and clinical variables such as SCI complications, level of
injury, and AIS grade [15, 16]. The level of the injury was categorized as
cervical, thoracic, and lumbar/sacral. Time since injury was recorded in <2
years, 3–5 years, 6–10 years, and >10 years. The presence of complications
such as ulcers, spasticity, neurogenic bladder (bladder catheter users,
overflow incontinence or lack of diuresis sensation) and bowel (the use of
laxatives or medication to treat constipation or evacuation maneuvers)
were collected.

Statistical analysis
The analyzes were performed in Stata 16.0 (STATA Corp., Texas, US)®. Data
quality was assessed using univariate analysis. Missing values and extreme
values were double checked using the registry information or the medical
records.
Quantitative variables were described using central tendency and

dispersion measurements, while categorical variables were described with
frequencies and percentages. Bivariate analyses were performed to
compare the groups of individuals with and without NP based on their
sociodemographic and clinical variables. For categorical variables we used
the Fisher’s exact test or the Chi-2 test, and for continuous variables we
used t test. Differences with a value of p < 0.05 were considered statistically
significant.
Unadjusted conditional logistic regressions with NP and the mechanism

of injury that caused the SCI matched by age (±3 years) were used to
assess the association with potential confounders. Variables with a p value
<0.20 in the unadjusted models were included in a conditional multivariate
logistic regression model using NP as dependent variable and with
individuals matched by age (±3 years). Odds ratios (OR) and 95%
confidence intervals (95%CI) were estimated. Collinearity was assessed
using the Variance Inflation Factor (VIF). Sex had a VIF higher than 10 and it
was not found associated with a p value < 0.20 therefore it was excluded
from the final adjusted model. Interaction terms were created and
assessed comparing the full adjusted model without the interaction term,
and the full adjusted model with it—using the likelihood ratio test. The
goodness-of-fit was assessed using the Akaike and Bayesian information
criterions (AIC, BIC). Three sensitivity analysis were carried out: (1)
comparing the full model with and without sex, (2) against a dichotomized
time since injury into <6 and >5 years, and (3) comparing a logistic vs. a
conditional logistic regression model. In the logistic model age was used as
a covariate, instead of a matching variable. The AIC and BIC were used to
assess the differences of the models.

RESULTS
We found 164 individuals with TSCI, distributed as 76 (46.34%)
without NP (controls) and 88 (53.66%) with NP (cases). Out of the
study population, 95.12% were men and 4.88% were women. The
average age was 34 ± 13 ranging from 9 to 82 years of age.
There were no statistical differences when comparing gender,

age, insurance status, injury intentionality, and numbers of visits
by NP presence (Table 1). Unintentional injuries were caused by
falls (n= 14, 8.54%) or RTIs (n= 19, 11.59%). Among those with
SCI due to falls, 3 (21.43%) had NP and for RTI, 13 (68.42%) had NP.
Individuals with NP were found to have a shorter time elapsed

since injury (Fig. 1); however, this difference was not significant
(p= 0.07). Most of the individuals were classified as AIS A without
statistically significant differences between those with and with-
out NP. Having neurogenic bladder and bowel was found in
higher proportion amongst individuals with NP (p < 0.0001, Fig. 2
and Table 2). Further details about the individuals and their clinical
status can be found in Tables 1, 2.

Crude and adjusted analyses
The multivariate conditional logistic model matched by age was
adjusted by injury intentionality, time since injury, and neurogenic
bladder and bowel. Cause of injury, sex, level of injury, and AIS
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grade did not have statistical significance with regard to NP (p >
0.05, see Table 3). In a model adjusted by intentionality, the risk for
NP decreased as the time since the injury increased. Patient
groups with 3–5 years and 6–10 years since the injury had a
nonsignificant protective factor, which only became significant in
the >10 years since the injury patient group.
There was a significant difference between the two groups

observed regarding the presence of neurogenic bladder and
bowel. The results indicate that the odds of having NP is 5.89
times higher (OR= 5.89, IC95%= 1.84–18.88) in patients with this
complication compared to patients without them.
Finally, the following interaction terms were created: neuro-

genic bladder/bowel by time since injury ≤5 or >5 years and
violence by time since injury ≤5 or >5 years. The likelihood ratio
tests were not significant (p > 0.05) when comparing the full
model vs. the full model with one interaction term at a time.
Therefore, the interactions were not included in the analysis of the
final model. In the sensitivity analysis, the model with the sex
variable had a slightly higher AIC and BIC than the model without
it (with sex: AIC= 172.42, BIC= 190.80 vs. without sex: AIC=

171.95, BIC= 187.27). Similar findings were recorded for a model
with a dichotomized time since injury except for the BIC, which
was lower in this model (AIC= 173.60, BIC= 182.72), and a model
with multivariate logistic regression instead of a conditional
regression with age as continuous variable as a covariate (AIC=
203.74, BIC= 225.40).

DISCUSSION
We found that 59% of the patient with SCI had NP and associated
factors identified in an adjusted and multivariate conditional
logistic regression included time since injury (>10 years since
injury OR= 0.10, 95% CI= 0.03–0.37, p < 0.0001) and neurogenic
bladder and bowel (OR= 5.89, 95% CI= 1.84–18.88; p= 0.003).
There was no association found for sex, intentional injury, level of
the injury, and AIS grade.
In a meta-analysis of NP in SCI, Burk et al. found a prevalence of

53% for NP post SCI [10]. As Burk et al. conducted a meta-analysis
including studies from high-income countries where the provision
of healthcare services are greater than in Colombia, a middle-
income country, results may be not comparable. However, a study

Table 1. Sociodemographic features of the study population with traumatic spinal cord injury comparing individuals with and without
neuropathic pain.

Characteristic All individuals Presence of neuropathic pain p value

No (n= 76) Yes (n= 88)

Age, Mean (SD)a 33.63 (13.15) 31.79 (13.01) 35.22 (13.13) 0.10b

Gender: Male; n (%) 156 (95.12) 72 (94.74) 84 (95.45) 1.00c

Subsidized health insurance, n (%) 159 (96.95) 75 (98.68) 84 (95.45) 0.37c

Visits in the last year, mean (SD) 1.85 (0.93) 1.71 (0.94) 1.97 (0.90) 0.07

Cause of Injury: Intentional-violence, n (%) 131 (79.88) 59 (77.63) 72 (81.82) 0.5d

Unintentional (fall/transit event) 33 (20.12) 17 (22.37) 16 (18.18)

Time since injury: <2 years, n (%) 50 (30.49) 19 (25.0) 31 (35.23) 0.07d

3–5 years 47 (28.66) 20 (26.32) 27 (30.68)

6–10 years 32 (19.51) 14 (18.42) 18 (20.45)

>10 years 35 (21.34) 23 (30.26) 12 (13.64)
aStandard deviation.
bT-test.
cFisher.
dChi-2.

Fig. 1 Proportion of neuropathic pain cases based on the time
since traumatic spinal cord injury. Bar graph showing percentage
of patients with and without neuropathic pain, grouped by time
since injury of <2, 3–5, 6–10, and >10 years. In all groups except for
patients with >10 years since injury, there were more patients with
neuropathic pain than without. Amongst those with >10 years since
injury, <40% had neuropathic pain and more than 60% did not have
neuropathic pain.

Fig. 2 Rate of neuropathic pain cases based on the presence of
neurogenic bladder/bowel. Bar graph showing rates of neuropathic
pain grouped by the presence or absence of neurogenic bladder
and bowel. The majority of patients had neurogenic bladder and
bowel, and out of those, most of them had neuropathic pain. In the
patients without neurogenic bladder and bowel, most of them did
not have neuropathic pain.
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conducted at the San Vicente de Paul University Hospital in
Medellin, northwestern Colombia found a 47% prevalence of pain
in patients hospitalized because of SCI [14]. Although this is close
to the value that we found, it is not possible to make a clear
comparison given that the authors did not clearly define the
criteria for NP.
Regarding the etiology of the SCI, a SCI was the result of violence

in 80% of the studied population. This can be compared with the
data found by Cripps et al. whereby the authors reported violence

and self-inflicted injuries as a cause of SCI in 15% in North America,
6% in Western Europe, and 2% in Australia [17]. This marked
difference could be a result of the high rates of interpersonal
violence prevalent in Colombia, especially in Cali [18, 19], therefore,
further research on these issues is vital in the improvement of
patient care, patient outcomes, and quality of healthcare provision.
However, being exposed to an intentional injury was not found to
be associated with the presence of NP thus providing relevant
information in terms of patient care after the injury.

Table 2. Clinical features of the study population with traumatic spinal cord injury comparing individuals with and without neuropathic pain.

Characteristics All individuals Presence of neuropathic pain p value

No (n= 76) Yes (n= 88)

Level of Injury: Cervical, n (%) 37 (22.56) 20 (26.32) 17 (19.32) 0.66b

Thoracic 103 (62.8) 44 (57.89) 59 (67.05)

Lumbar 7 (4.27) 3 (3.95) 4 (4.55)

Sacral 15 (9.15) 7 (9.21) 8 (9.09)

AISa Grade Classification: A, n (%) 103 (62.8) 46 (60.53) 57 (64.77) 0.92b

B 10 (6.1) 4 (5.26) 6 (6.82)

C 12 (7.32) 7 (9.21) 5 (5.68)

D 2 (1.22) 1 (1.32) 1 (1.14)

E 36 (21.95) 17 (22.37) 19 (21.59)

Decubitus ulcer: Yes, n (%) 82 (50.0) 36 (47.37) 46 (52.27) 0.48c

Spasticity: Yes, n (%) 85 (51.83) 40 (52.63) 45 (51.14) 0.51c

Neurogenic bladder/bowel Yes, n (%) 139 (84.76) 56 (73.68) 83 (94.32) <0.0001b

Uses orthosis: Yes, n (%) 83 (50.61) 36 (47.37) 47 (53.41) 0.28c

aAmerican Spinal Injury Association Grade Classification: This describes the functional impairment secondary to SCI, with A indicating the most severe level of
dysfunction with complete motor and sensory loss in sacral segments S4-5 and E indicating normal status [13].
bFisher.
cChi-2.

Table 3. Risk factors associated with the presence of neuropathic pain obtained with simple and multivariate conditional logistic regression models.

Variable Unadjusted OR (95% CI)a p value Adjusted OR (95% CI) p value

Cause of injury

Fall or road traffic (unintentional) (Ref) – (Ref) –

Violence (intentional) 1.62 (0.68–3.84) 0.27 1.43 (0.54–3.77) 0.47

Time since injury

<2 years (Ref) – (Ref) –

3–5 years 0.78 (0.33–1.85) 0.57 0.61 (0.24–1.53) 0.29

6–10 years 0.51 (0.18–1.42) 0.20 0.37 (0.13–1.11) 0.08

>10 years (ref) 0.12 (0.04–0.41) 0.001 0.10 (0.03–0.37) <0.0001

Neurogenic bladder and bowel 4.71 (1.57–14.16) 0.006 5.89 (1.84–18.88) 0.003

Level of injuryb

Lumbar-Sacro (Ref) –

Thorax 0.87 (0.32–2.36) 0.78

Cervical 0.57 (0.18–1.82) 0.34

AIS grade classificationb

A 0.98 (0.45–2.15) 0.96

B 1.18 (0.28–5.01) 0.82

C 0.96 (0.22–4.25) 0.96

D 2.03e−6 (0) 0.99

E (Ref) –

aUnadjusted Odds Ratios (OR) were obtained from adding a single dependent variable each time to a simple conditional logistic regression between
neuropathic pain and mechanism of injury with unintentional injuries as reference value. Full model AIC: 171.95, BIC: 187.27.
bNot included in the adjusted model due to lack of significance in the simple models.
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Additionally, although factors including age, gender, and level
of SCI [11], have been associated with NP in patients with SCI, we
did not find such associations in our study. These findings contrast
with those described in the study by Andresen et al. where NP was
more frequent in patients with incomplete injury and tetraplegia
[11].
The presence of neurogenic bladder and bowel and a time of

injury greater than 10 years—were found to be associated with
the presence of NP. Patients with a neurogenic bladder and bowel
were subject to almost 6 times the odds of having NP compared
to those without neurogenic bladder and bowel. This reinforces
the findings of the study by Widerström-Noga and Turk which
found that prolonged afferent activity, due to having a full bladder
and impacted intestine, was significantly and frequently asso-
ciated with pain aggregation, which, in turn, is associated with the
development of NP [20]. However, as the findings show a
correlation between NP and neurogenic bladder and bowel, in
addition to the pathophysiology of pain as a therapeutic target,
clinical issues such as spasticity should also be considered [21], as
this could precede the presence of NP or increase its intensity.
Current clinical evidence surrounding the management of NP in
SCI patients is focused on the use of drugs and medical
procedures [22]. As there are various interventions for neurogenic
bladder and bowel [23, 24], our findings suggest that these should
be taken into account when initiating a rehabilitation plan in
patients with SCI with or without NP.
The study by Widerström-Noga and Turk was unable to provide

data to describe the relationship between onset of injury and NP
diagnosis [20]. However, we found an inverse relationship
between NP and time since the injury. Patients who have had
more years since the injury were less likely to have NP. On the
contrary, the literature suggests that the greater the amount of
time passed since injury, the greater the presence of pain and
sensory alterations [12, 25]. A systematic review found higher pain
prevalence in studies performed longer after the initial SCI event
[26]. Furthermore, Finnerup et al. in their cohort study with 1 year
of follow-up, found that the prevalence of NP increased with time
[27]; however, it is important to note that their study only included
intervals of up to 12 months since injury. Nagoshi et al. in a
population of 72 patients, found that NP becomes more severe
when the time passed since the injury is >1 year [28]. On the other
hand, Adrianssen et al. found that there has been no correlation
between the presence of NP and musculoskeletal pain and the
time of evolution of the injury [5].
It has been suggested that pain after SCI may vary with age at

SCI onset [29], and therefore the differences between our findings
and the existing literature could be a result of the demographic
differences between individual with SCI in Colombia and globally,
as our study had a markedly younger population (33.63 years old)
compared to the aforementioned study by Nagoshi et al.(mean=
56 years old) [28], Adrianssen et al. (median= 47.8 years old) [5],
and Finnerup et al. (mean= 48.9 years old) [27]. Furthermore,
another Colombian study also found a mean age of 33 years
amongst individuals with SCI [30]. It is worth mentioning that, to
the best of our knowledge, there is no information about life
expectancy after a SCI in Colombia. Therefore, if expected post-
TSCI survival rates are lower in Colombia, we could have
underestimated the rates of NP and the association with time
after the injury due to survival bias. Cohort studies of patients with
SCI over a longer period of time are required to identify whether
or not time passed since injury has an effect on the
presence of NP.
Other protective factors for NP after SCI should be explored in

prospective studies. In a meta-analysis of NP in animal models of
SCI it was found that exercise can have a positive impact on
mechanical, spontaneous, and thermal and cold nociception pain;
however, authors found high heterogeneity levels among the
studies [31]. On the other side, in a cross-sectional study of 60

participants with SCI, resilience was explored with no association
with the degree of NP [32]. Larger sample sizes are required to
conclude about psychological protective factors in NP.

Study limitations
The main limitation of this study is the fact that data was
retrospectively obtained from a registry and clinical records;
hence, relevant variables that were related to the presence of NP
may be missing as they could have been omitted from the initial
clinical reports. This did not allow discrimination of the type of NP
in patients with SCI, as proposed by the ISCIP [7]. Furthermore, due
to the retrospective nature of the study, we were not able to
define the presence of urinary tract infection. Therefore, we could
not make a correlation between this variable, neurogenic bladder,
and NP, in order to analyze what was reported by Joseph and
Wikmar regarding urinary tract infection as a risk factor for NP in
SCI [33]. Furthermore, as we included only a single center with
mostly male patients from low-income settings (based on the
percentage of subsidized insurance holders) the external validity
of our data may be limited. Further multicenter research is
required to adjust for this gender difference. However, from the
best of our knowledge, this is the first study in Colombia about
this situation and it describes relevant information towards future
research areas.

Strengths
One strength of the study is the number of records that were
captured in a short period of time and in the same center. This
increased the homogeneity of the population as they were
evaluated and followed by the same providers. In this way,
selection bias was decreased. Additionally, the study got enough
power to identify the associations described. The regression
model fit was tested and the results were positive.

CONCLUSION
In Latin America, there is a lack of epidemiological data about SCI
and its associated factors. We used a case–control study design to
investigate the presence of NP amongst patients with SCI. We
found that about half of study participants had NP. Our study
uniquely shows time since injury as a protective factor NP, while
violence as a cause of injury was not found to be associated.
Furthermore, the importance of the clinical issue of spasticity was
reinforced in our study, as neurogenic bladder and bowel were
found as risk factors for NP. This could help guide future research
about NP secondary to SCI as well as improve the provision of
post-SCI care by equipping clinicians with a more thorough
understanding of the social and clinical situations that complicate
patient outcomes. The importance of our research lies in the
implications that NP has in terms of patients’ quality of life [34],
the associations that NP has with other post-SCI complications
[11], and the treatment implications that NP has especially when
considered with in conjunction with complications such as
neurogenic bladder and bowel. This study provides valuable
information that can guide the scope of future research about NP
secondary to SCI. Further research about SCI and NP, as well as SCI
in low- to middle-income countries is required [1].

Disclaimer
The views expressed in the article are own by the authors and not
an official position of the institution or funder.
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